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 Even a single drop of water will eventually hollow out a stone. We hope this text 

will be such a drop for sufferers of disease and especially victims of upper 

airway pathology. 

  CC, GI, and MEG  



 



  Pref ace   

 The study of sinus diseases crosses the boundaries of many specialties, but it is primarily the domain of allergists and otolar-
yngologists. Other disciplines that care for patients with sinus disease include pulmonology, infectious disease, and rheuma-
tology. Since the publication of our fi rst edition, our understanding of sinus disease has changed dramatically, mainly as a 
result of recent developments and new discoveries in the fi eld of immunology. New immunologic concepts relating to both 
the innate and adaptive immune systems have helped us to recognize that sinus disease may be more of an infl ammatory 
rather than an infectious process. Since the fi rst edition, pathogen-associated molecular patterns (PAMPs), danger-associated 
molecular patterns (DAMPs), and their receptors known as pattern recognition receptors (PRRs) have been discovered, and 
the signaling pathways that lead to chronic infl ammation have been refi ned. New cytokines have been discovered, and the 
role of IL-17 in chronic infl ammation is now being investigated for its role in sinusitis. Other ongoing research concerns the 
role of other cells including T regulatory cells, dendritic cells, and neutrophils and the pathways that lead to their prolifera-
tion, recruitment, and activity. New concepts such as biofi lms and their role in chronic sinusitis have afforded us a greater 
understanding of the pathogenic mechanisms behind the disease. The concept of the unifi ed airway has helped to direct new 
therapeutic strategies in the treatment of sinusitis, and the mechanism behind the activity of leukotriene and prostaglandin 
pathways in aspirin-exacerbated respiratory disease and the related sinus disease is of great interest to clinicians and 
scientists. 

 This textbook is divided into sections addressing separately the pathogenesis, clinical presentation, and medical and surgi-
cal management of acute and chronic rhinosinusitis. Special entities such as autoimmune-related sinusitis, allergy and sinus-
itis, and aspirin-exacerbated respiratory disease are discussed in separate chapters. The role of immunodefi ciency is also 
addressed. The management section has been updated from the previous edition to incorporate new medical modalities and 
surgical procedures. 

 While sinus problems are extremely common, there is very little organized teaching in medical schools. It is the goal of 
this textbook to provide a comprehensive source of information regarding the basic science of the sinuses and the clinical 
approach to sinusitis. Sinusitis is not just one disease, and the etiologic factors are likely multifactorial. The authors of this 
textbook are experts in their fi eld from all over the world and share their expertise and insights from years of collective expe-
rience in treating sinus diseases. 

 The book will appeal to anyone who has an interest in sinus disease, including both physicians and allied health profes-
sionals. Internists, pediatricians, allergists, otolaryngologists, and infectious disease specialists will fi nd the book to be a 
comprehensive source of knowledge. Physician assistants and nurse practitioners who work with specialists who treat sinus 
disease would also benefi t from the book. 

 We are hopeful that this comprehensive textbook on sinus disease from many experts in the fi eld will provide the reader 
with different perspectives on how various medical professions or specialties approach the diverse array of sinus problems 
experienced by our patients. 

 Philadelphia, PA   Christopher C. Chang, MD, PhD, MBA, FAAAAI, FACAAI 
 Davis, CA   Gary A. Incaudo, MD, FAAAAI, FACAAI 
 Davis, CA    M. Eric Gershwin, MD, MACP, MACR 
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   Part I 
   Anatomy and Physiology        
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    Chapter 1   
 Anatomy of the Nose and Paranasal Sinuses 

                Samuel     Márquez      ,     William     Lawson     ,     Steven     D.     Schaefer     ,     Anthony     S.     Pagano     ,     Michael     Papaxanthos      , 
    Bradley     N.     Delman      , and     Jeffrey     T.     Laitman    

           Anatomy of the Nose and Paranasal Sinuses 

    Introduction 

 As a full description of the history, development, and functional anatomy of the nasal complex – nose and paranasal sinuses 
would require a treatise in itself; this chapter will focus upon those features of gross structure and development most relevant 
to surgical procedures. In order to fully understand the nature and underlying biology of the nose and paranasal sinus system, 
multiple approaches were employed here drawing from the diverse backgrounds of the authors (comparative evolutionary 
anatomists, radiologist, and ENT surgeons from France and the USA who have a combined clinical experience of 120 years 
of surgical practice). Methods include CT and endoscopic nasal imaging of living humans, examination of dry cranial mate-
rial, fresh tissue anatomical dissections, and three-dimensional volume-rendering methods that allow digitizing the spaces of 
the nasal complex for graphical examination. This chapter also addresses issues regarding inconsistencies and vagaries in 
terminology, as these have often been a major source of confusion among those studying or operating upon the sinuses. For 
example, the frontal recess, ethmoid infundibulum, and hiatus semilunaris are key anatomical components of the ethmoid 
region that are defi ned, described, and explained here as well as being comprehensively illustrated. In addition, an exhaustive 
2000-year literature search identifi ed original sources of nomenclature in order to help clarify the persistent confusions found 
in the literature. This clarifi cation of nomenclature will permit better communication in addition to eliminating redundant 
terminology. The combination of anatomical, evolutionary, and clinical perspectives provides an important strategy for 
 gaining insight into the complexity of these sinuses.  
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    Defi ning Paranasal Sinuses on the Basis of Development 

 The paranasal sinuses are gaseous-fi lled pockets of bone surrounding the nasal cavity proper that develop from a two-step 
process of primary and secondary pneumatization. The former process begins prenatally, with each sinus derived from its 
primordium on the wall of the developing nasal capsule cartilage. These primordia emerge as evaginations of ciliated, pseu-
dostratifi ed, columnar epithelium that invades into the splanchnocranium. At birth, these recesses are generally well defi ned 
on the osseous nasal cavity walls and will expand into the surrounding bony elements. Full secondary pneumatization may 
require 20 postnatal years with extensions to multiple osseous elements in an extramural fashion. At completion of this pro-
cess, a highly variable collection of spaces, all lined with nasal respiratory mucosa, forms a lifelong communication network 
with the nasal cavity [ 1 ]. Cave [ 2 ] next defi ned a paranasal sinus as (1) having its embryonic respiratory diverticulum expand 
from the nasal cavity, with which it maintains communication; (2) growth from a specifi c meatus on the nasal cavity wall; 
and (3) having a natural ostium that permanently remains associated with its meatus via a patent duct. On this basis, some 
authors exclude the ethmoid sinus as a true paranasal sinus [ 3 ]. 

 Smith and colleagues [ 4 ,  5 ] tracked the fate of cartilages in the lateral nasal capsules of nonhuman primates. In a study of 
fetal, perinatal, and adult specimens of  Saguinus geoffroyi  (a New World monkey species), they found that ossifi cation of the 
pars intermedia (middle part of the nasal capsule wall) has begun by the time of birth and produces islands of capsular car-
tilage in the lateral wall of the nasal cavity [ 4 ]. Chondroclasts were detected along the borders of these postnatal cartilages 
in both  Saguinus  and  Leontopithecus  (two New World monkey taxa that develop extensive paranasal sinuses) and suggest 
that they serve as an important precursor to the process of pneumatization by the local action of osteoclasts [ 5 ]. Other nonhu-
man primates that do not develop paranasal sinuses exhibit greater continuity of these lateral nasal cavity cartilages.  

    Clinical Implications 

 The normal function of the paranasal sinuses is dependent upon both proper drainage and ventilation [ 6 ]. During the process 
of pneumatization, each sinus develops a pattern of drainage, extending through intricate clefts or chambers until it empties 
into a conjoined space within the lateral wall of the nasal cavity (e.g., ethmoid infundibulum and superior meatus) before 
reaching the nasopharynx. This confl uence of sinus drainage pathways has clinical implications in that infections can spread 
readily from one sinus to another. Accordingly, knowledge of paranasal sinus development and anatomy is essential to under-
standing the pathogenesis and spread of sinus infections.  

    An Overview of the History of Paranasal Sinus Study 

 Despite a long history of study, the function and development of the paranasal sinuses have remained unclear. The fi rst men-
tion of the sinuses may date back to Hippocrates in 400 B.C.E. who described the nose as a drainage reservoir for fl uids 
produced by the brain. In the second century C.E., Claudius Galen (the great anatomist and personal physician to Roman 
emperor Marcus Aurelius) described sinuses such as the ethmoid without naming them [ 7 ]. No major subsequent contribu-
tions to the study of paranasal sinuses were made until 1489 when Leonardo da Vinci illustrated the frontal and maxillary 
sinuses and further described the latter structure [ 8 ] (see Table  1.1  for an overview of the earliest known investigators of the 
paranasal sinuses) [ 10 – 16 ]. Da Vinci’s work was perhaps the fi rst detailed illustrations of human dissections up until this 
point in history. This development was followed in 1521 by Berengario da Carpi’s initial descriptions of the sphenoid and 
frontal sinuses [ 16 ]. He wrote of the frontal bone as containing “two tables within which there is a notable vacuity so as to 
not weigh down the body.” However, the frontal sinus was fully described in 1573 by Volcher Coiter in his  Externarum et 
Internarum Principalium Humani Corporis Partium Tabulae , leading some to credit him with its earliest study [ 12 ].

   Andreas Vesalius, known broadly for his deviation from Gallenic canon, published a discussion of the maxillary sinus in 
1543 in his  De Humanis Corporis Fabrica . By 1615, Peter Paaw published a detailed description of maxillary sinus anatomy 
in his  Succenturiatus anatomicus  [ 17 ]. However, this space is sometimes referred to as the Antrum of Highmore in recogni-
tion of the British anatomist Nathaniel    Highmore whose 1651 work  Corporis Humani Disquisitio Anatomica in qua Sanguinis 
Circulationem  described and illustrated the maxillary sinus [ 18 ]. Highmore’s book, however, describes and illustrates the 
circulatory system of various systemic regions of the human body (note the complete title of his book), undoubtedly due to 
his admiration and close association to his mentor William Harvey. 1  Notwithstanding this historical footnote, the maxillary 

1   During 1642, while conducting studies on the embryonic development of the chick, Highmore and William Harvey became close colleagues. 
Highmore’s 1651 treatise was the fi rst anatomical textbook to accept Harvey’s theory on the circulation of the blood. 
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sinus is the anatomical entity for which Highmore is best remembered (Fig.  1.1 ). Some clinical texts (e.g., Anon and 
colleagues [ 19 ]) continue to erroneously attribute the earliest description of the maxillary sinus to Highmore instead of da 
Vinci who illustrated and described this sinus in 1489 (see Laitman [ 20 ] for the chronology of da Vinci’s work).

   Table 1.1    Paranasal sinus anatomy history   

 Paranasal sinus  Eponyms  First described  Studies 

 Maxillary sinus  Antrum of Highmore  Leonardo da Vinci, 1489  da Vinci, 1489 [ 8 ] 
 Sphenoid sinus  Giacomo Berengario da Carpi, 1521  da Carpi, 1521 [ 16 ] 
 Tillaux [ 25 ] a  
 Frontal sinus  Volcher Coiter (1534–1576)  Cited in Libersa et al., 1981 [ 12  

 Basilius  Cited in Douglass, 1906 [ 11 ] 
 Ethmoid sinus  Galen (131–201 A.D.)  Galen 

  Reprinted from Márquez [ 9 ]. With permission from John Wiley & Sons, Inc 
  a Tillaux was the fi rst to suggest that the sphenoidal sinus was part of the facial sinuses although Johann Riolan (the younger) in 1649 was the fi rst 
to recognize the paranasal sinuses as an entity [ 10 ] 
  b According    to Douglass (p. 21) [ 11 ], Basilius was the fi rst to describe of the frontal sinus but offers no citation as does Libersa et al. [ 12 ] which 
cites Coiter as the fi rst to describe this sinus  

a b

  Fig. 1.1    ( a ) The original Title Plate of Nathaniel Highmore’s book as it begins “Discussion of the Human Body Anatomy and of the Blood 
Circulation.” This work was printed by the English bookseller Samuel Brown in 1651. (Courtesy of the New York Academy of Medicine Library). 
( b ) The magnifi cent and detailed frontispiece of Highmore’s book which includes drawings of Hippocrates, the Father of Medicine and the great 
anatomist Galen of Pergamon, whose non-human animal dissections became unquestioned doctrine for 1,000 years. As a tribute, Highmore puts 
the portrait of his mentor William Harvey (bottom right) on this page. Note the central drawing, which likens the human blood circulation to the 
water fl owing from a mountain, with the various tributaries nourishing the surrounding land. (Courtesy of the New York Academy of Medicine 
Library). ( c ) The    original illustration of Highmore’s description of the maxillary sinus as it appears on page 227 in his 1651 “Discussion of the 
Human Body Anatomy and of the Blood Circulation”. Note Highmore recognizes the existence of the frontal sinus as illustrated in fi g 3 and fi g 4. 
Letters on fi gures denote the name of the skull bones. (Courtesy from the New York Academy of Medicine Library)       
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   Up until the seventeenth and eighteenth centuries, the paranasal sinuses were included in broader anatomical treatises and 
usually given brief mention. It was not until the seventeenth and eighteenth centuries that studies began to focus upon the 
sinuses themselves. Most of these works, however, were focused on theoretical questions addressing functional explanations 
for the existence of these “hollow” spaces in the cranium [ 21 ,  22 ]. Such anatomical observations were not usually done for 
systematic assessment of structures, but rather appear to have promoted their own hypotheses on respiratory function [ 10 ]. 
It was only in the nineteenth century that anatomists such as Bosworth [ 23 ] and Turner [ 24 ] again focused on the functional 
anatomy of the sinuses. Among them, Tillaux [ 25 ] was the earliest to include the sphenoid sinus as part of the paranasal sinus 
complex in 1862. He was followed by the great Austrian anatomist Emil Zuckerkandl who published the fi rst, detailed, and 
systematic anatomical and pathologic description of the paranasal sinuses [ 26 – 28 ]. Indeed, his observations and illustrations 
were so precise and meticulous that they form the foundation for much present-day knowledge, and Zuckerkandl himself is 
regarded as the “father” of modern sinus anatomy [ 10 ,  29 ]. 

 Today the functional role(s) of the paranasal sinuses remain elusive (see Márquez [ 9 ] for discussion). Table  1.2  provides 
a summary of the many functions ascribed to these sinuses over the last two thousand years. The various putative reasons for 
the existence of the sinuses can be grouped into three categories: architectural, physiological, and nonfunctional. It should 
be noted that the concept of function is best approached with caution. The functional role of a feature is its action or how the 
feature works [ 95 ]. Any aspect of purpose, or of design, should be avoided. Function may include the physical and chemical 
properties of the feature distinct from the biological role it has or had in life. Many workers in functional anatomy have uti-
lized both potential meanings as absolute equals, when in fact they are not [ 95 ].

   During the pre-antibiotic era, in the early part of the twentieth century, anatomical studies focused upon descriptions, 
which could improve procedures for cannulation or drainage of pathologic sinuses [ 96 – 101 ]. It became apparent that after 
treatment, sinus infection would often recur in the same treated sinus and would often spread and infect the other nontreated 
sinuses. These secondary infections were explained by the close and intimate relationships seen in the anatomy of the 

cFig. 1.1 (continued)
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paranasal sinuses. At this time, the importance of understanding prenatal development as a vehicle to understand sinus sur-
gery became more fully appreciated [ 102 ]. Later, technological advances saw the development of endoscopic and external 
sinus procedures. Having a knowledge of development, surgeons practicing endoscopic sinus surgery today primarily focus 
attention on the role of the ethmoid sinus in recurrent paranasal sinus infection [ 103 ]. We are reminded that recurrent frontal 
or maxillary sinusitis was recognized earlier this century by Schaeffer [ 96 ], who stated that “the maxillary sinus is often a 
cesspool for infectious material from the sinus frontalis and certain of an anterior group of cellulae ethmoidales.” Such is an 
example of knowledge lost, only to be rediscovered when new interest in the sinuses arose following advances in imaging 
modalities, instrument technology, and the work of modern sinus surgeons [ 104 ,  105 ].   

    Ethmoid Sinus 

    Development and Functional Anatomy 

 The ethmoid sinus is distinct from the other paranasal sinuses both in the extent of its pneumatization and its embryologic 
origin in the wall of the cartilaginous nasal capsule differing from all the other sinuses which develop from its primordia 
[ 3 ]. Additionally, the ethmoid sinus does not meet Cave’s criteria for classifi cation as a paranasal sinus (see above) [ 2 ], 
and it has been proposed by the French otolaryngologist Roger Jankowski that it is derived phylogenetically from the 

   Table 1.2    Historical overview of hypothesized functions ascribed to the paranasal sinuses   

 Theoretical function 2  Authors 

  Structural role  
 Skull lightening  Blanton [ 7 ], Cleland [ 30 ]; Paulli [ 31 ], Schoennemann [ 32 ], Onodi [ 33 ], Nemours 

[ 34 ], Shea [ 35 ], Moller [ 36 ], Buhler [ 37 ,  38 ], Crelin [ 39 ], Schummer et al. [ 40 ], 
Davis et al. [ 41 ] 

 Assist in facial growth and architecture  Eckley [ 42 ], Dieulafé [ 43 ], Moss and Young [ 44 ], Enlow [ 45 ], Blaney [ 46 ,  47 ], 
Moore and Persaud [ 48 ], Davis et al. [ 41 ] 

 Part of normal skull pneumatization  Witmer [ 49 – 52 ] 
 Function as pillars for dispersal of masticatory forces  O’Malley [ 53 ], Badoux [ 54 ], Enlow [ 45 ], Preuschoft et al. [ 55 ] 
 Allow functional decoupling of inner and outer tables by 

occupying intervening space 
 Paulli [ 31 ], Weidenreich [ 56 ,  57 ], Moller [ 36 ], Buhler [ 37 ,  38 ] 

 Occupies space between the mechanical bony pillars  DuBrul [ 58 ], Sicher [ 59 ] 
 Provide protection for the brain  Rui et al. [ 60 ], Geist [ 61 ], Schaffer and Reed [ 62 ], Davis et al. [ 41 ] 
 Provide thermal insulation for CNS and sense organs  Bignon [ 63 ], Bremer [ 64 ], Proetz [ 65 ] 
 Widens the skull base for the support of the large palate to 

accommodate the permanent dentition 
 Keith [ 66 ,  67 ], Underwood [ 68 ] 

  Physiological role  
 Aid in storing a medullary substance  Bartholin [ 12 ] 
 Serves to increase surface area of olfactory mucosa  Braune and Clasen [ 69 ] 
 Provides even distribution of inspired air, which aids in 

olfaction 
 Strickland [ 70 ] 

 Serves as an adjunct in air conditioning of inspired air  O’Malley [ 53 ], Eckert-Mobius [ 71 ], Sato [ 72 ], Proetz [ 73 ,  74 ], Gannon et al. [ 75 ] 
 Imparts resonance to the voice  Cleland [ 30 ], Bignon [ 63 ], Zuckerkandl [ 27 ], Dieulafé [ 43 ], Hartz [ 76 ], Underwood 

[ 68 ], Mosher [ 77 ], O’Malley [ 53 ], Eckert-Mobius [ 71 ], Wegner [ 78 ], Dyce et al. 
[ 79 ], Leakey and Walker [ 80 ] 

 Assists in regulating intranasal pressure  Coffi n [ 81 ], Neumayer [ 82 ], Frers [ 83 ], Suarez [ 84 ], Del Cañizo [ 85 ], Rice and 
Gluckman [ 86 ] 

 Serves as respiratory reservoirs for mucus secretions  Alger [ 87 ] 
 Assist in fl otation at some point in time in its phyloge-

netic heritage 
 Bignon [ 63 ], Proetz [ 65 ], Wegner [ 78 ], Rhys Evan [ 88 ] 

 Produces nitric oxide gas  Lundberg et al. [ 89 ] 
  Nonfunctional role  
 Exists as evolutionary remains of useless air spaces  Ingersoll [ 90 ,  91 ], Negus [ 1 ,  92 ], Takahashi [ 93 ], Lund [ 94 ] 

  Reprinted from Márquez [ 9 ]. With permission from John Wiley & Sons, Inc  
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olfactory system, with a partitioning of the olfactory cleft and ethmoid sinuses occurring during the course of human evo-
lution [ 106 ,  107 ]. The ethmoid bone has been called the “keystone in the sinus system” [ 108 ] as all the paranasal sinus 
drainage pathways are either through or adjacent to its lateral wall. Morphologically, descriptions of the ethmoid bone 
shape have ranged from ethmoidal “bloc” [ 109 ], to pyramidal shape, to a trapezoidal “box” [ 41 ]. Ritter [ 110 ] believed the 
ethmoid sinus to be the principal support for the anterior cranial fossa, while others proposed that its primary roles are to 
both maximize the surface area of the mucosa and absorb the energy of trauma by permitting it to collapse to protect the 
eyes and the brain [ 41 ]. 

 The extensive fetal developmental studies of Schaeffer [ 102 ,  111 – 113 ] showed no morphological changes on the lateral 
nasal wall until the 38th to 40th day of prenatal growth when two shallow grooves are observed above and below the region 
where the inferior nasal conchae or maxilloturbinal eventually develops (Fig.  1.2 ). Once mesenchymal differentiation in the 
area of the inferior nasal conchae ensues, it has the effect of producing a more prominent fold of the conchae and aids in 
accentuating the depth of these grooves or furrows. The developing folds are considered the primitive step for conchal forma-
tion, whereas these furrows constitute the future inferior and middle meatus. By the 63rd to 70th day of prenatal develop-
ment, six major furrows develop along with their corresponding ridges or folds called the ethmoturbinals (i.e., turbinates 
arising from the ethmoid). Stammberger [ 115 ] divides these folds into two anatomical components: an anterior ascending 
portion (i.e., the ramus ascendens) and a posteroinferior descending more horizontal portion (i.e., ramus descendens). 
However, not all of these folds and furrows persist during the development of the fetus. For example, from the 7th month to 
term, one could fi nd three to fi ve ethmoidal conchae with a corresponding number of intervening meatus, but after birth, due 
to either fusion [ 22 ] or obliteration [ 114 ], only two or three ethmoidal conchae may persist (e.g., middle, superior, or 
supreme ethmoidal conchae – see ref. [ 102 ]). Although Santorini [ 115 ] was the fi rst anatomist to describe all three ethmoidal 
conchae, the following commentary by Schaeffer [ 111 ] illustrates the confusion revealed in the literature regarding the 
 “typical” number of conchae found present at birth:

   Books generally describe and picture two ethmoidal conchae as the typical number, and apparently would have us think that three ethmoidal 
conchae are rather exceptional. (p. 614) 

   In a large series of cadaver material, both Schaeffer [ 111 ] and Van Alyea [ 116 ] have shown that a supreme concha was 
present in 62.5 and 67 % of their subjects studied, while Zuckerkandl [ 99 ] recorded a supreme concha in 80 % of his 120 
subjects. However, Lang and Sakals [ 117 ] reported only 17 % of their subjects as having a supreme concha, and Bingham 
et al. [ 118 ] found no supreme conchae in their samples. This suggests variable nomenclature or application thereof among 
investigators. Today still, the issue regarding the typical number of ethmoidal conchae present remains unclear. 

 The fi rst primary furrow of the lateral nasal wall is located between the fi rst and second ethmoturbinals, sometimes 
referred to as the fi rst interturbinal furrow. The fi rst ethmoturbinal (Fig.  1.3 ) is regarded by most authors as the equivalent 
of the nasoturbinal found in higher mammals, including New World monkeys (e.g., howler monkey) and the lesser and 
great apes (e.g., gibbons and orangutans) [ 2 ,  102 ,  114 ,  119 ,  120 ]. In humans, the nasoturbinal regresses during later devel-
opment and never fully develops into a permanent turbinate. However, of anatomical and clinical interest, the ramus 
descendens of this “failed” fi rst ethmoturbinal becomes the uncinate process while the ramus ascendens becomes the agger 
nasi, both of which are important landmarks and will be discussed later. The appearance of the fi rst furrow is also an impor-
tant developmental stage because its descending anterior region will become the ethmoid infundibulum, while the superi-
orly ascending region becomes the frontal recess. The former is an important region where a number of the paranasal 
sinuses will eventually drain into and through to the nasal cavity. The frontal recess, on the other hand, undergoes further 
development with additional furrows appearing, or what Kasper [ 99 ] termed “pits,” which are outgrowths of epithelium that 

  Fig. 1.2    Parasagittal view showing mucosal swellings and 
evaginations of the future concha of the lateral nasal cavity wall in 
a 190-day-old fetus. Note the rudimentary nature of the superior nasal 
conchae (Courtesy of Samuel Márquez, PhD & Bridget Thomas 
McKnight [American Museum of Natural History])       
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appear as spherically shaped excavations in this region. Pneumatic invasion of the frontal bone originating from one of 
these pits in the frontal recess results in the development of the frontal sinus (see Frontal Sinus section for further 
discussion).

   At birth, the ethmoid sinus consists of an anterior and posterior division. At this time, the fl uid-fi lled ethmoids are diffi cult 
to recognize on routine radiography [ 121 ]. However, Spaeth et al. report that CT imaging reveals non-pneumatized ethmoid 
cells in at least 94 % of newborns [ 122 ]. Wolf et al. [ 123 ] reported the dimensions of the newborn’s ethmoid sinus system to 
be 8–12 mm in anterior-posterior length, 1–5 mm in superior-inferior height, and 1–3 mm in medial-lateral width. They also 
found the anterior and posterior ethmoid air cells to be complete in number, although not in terms of adult size. Other studies 
have confi rmed their fi ndings [ 124 ]. By ages 1–4 years, the ethmoid has rapidly expanded to 12–21 mm in length, 8–16 mm 
in height, and 5–11 mm in width. The ethmoid labyrinth may be visualized consistently by plain fi lm radiography only after 
the fi rst year postpartum and only if the air-fi lled divisions of the ethmoid sinus are well developed [ 125 ]. At ages 4–8 years, 
the ethmoid sinus system is 18–24 mm in length, 10–15 mm in height, and 9–13 mm in width [ 106 ]. By the 12th year, the 
ethmoids have reached nearly adult size, with expansion during puberty primarily involving the bones outside the ethmoid 
capsule [ 126 ]. 

 The designation of two divisions for the ethmoid sinus is best understood when reviewing the “architecture” of the eth-
moid labyrinth (see discussion in Shambaugh [ 127 ]). During development, the attachments of the various bony structures 
arising from the ethmoid (i.e., conchae, uncinate process) to the lateral wall are formed by one of several ground plates or 
 basal lamellae  (Figs.  1.4 ,  1.5 ,  1.6 ,  1.7 ,  1.8 ,  1.9 , and  1.10 ). While the lateral attachments of these lamellae end abruptly, their 
medial aspects project beyond the labyrinth and form prominences, which extend into the nasal cavity. The most anterior of 
these lamellae is the lateral extension of the uncinate process. The  second lamella  is referred to as the plate of the bulla 
because its extension into the nasal cavity forms the bulla ethmoidales, while the third lamella serves as the attachment of 
the middle turbinate. The  third lamella  is an important anatomical structure, demarcating the division between the anterior 
ethmoid cells from the posterior cells and so, essentially, dictating the drainage patterns of these air cells into the middle and 
superior meatus, respectively. It is also clinically signifi cant as it is considered a natural boundary to the spread of infection 
into the posterior ethmoid, and it is the posterior landmark in anterior ethmoidectomy (Fig.  1.11 ) [ 128 ]. As seen in Figs.  1.4 , 
 1.5 ,  1.6 ,  1.7 ,  1.8 ,  1.9 ,  1.10 , and  1.12 , this third lamella can be divided into three segments characterized by the anterior one 
third having a horizontal orientation and attaching superiorly, by the middle third considering the vertical portion coursing 
posteriorly and obliquely, and by the posterior one third assuming an inferior horizontal position attaching laterally. The 
physical attachment of this basal lamella in three different planes (i.e., superior, vertical, and horizontal) provides much of 
the structural support of the middle turbinate [ 129 ]. However, when this bony plate is removed during posterior ethmoidec-
tomy, the turbinate loses its stability. Note that this lamella is not always structurally fi xed and that the developing ethmoid 
air cells have a tendency to expand to all available space, which Seydel    [ 128 ] called “the struggle for space of the ethmoid.” 
This results in air cells impinging and perhaps distorting the osseous barrier, but the lamella always remains intact and pre-
vents intermingling of cells (Fig.  1.13 ) [ 114 ,  116 ].

NT

II

III

IT

  Fig. 1.3    Parasagittal schematic drawing of the lateral nasal cavity wall 
of an Old World monkey showing inferior turbinate ( IT ), the 
nasoturbinal ( NT ), middle turbinate ( II ), and superior turbinate ( III ) 
(Courtesy of Samuel Márquez, PhD & Bridget Thomas McKnight 
[American Museum of Natural History])       
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  Fig. 1.5    ( a ) Body of middle turbinate has been removed, leaving intact rim of middle turbinate. ( b ) Diagram of (a) shows the course of the third 
lamella or basal lamella, which supports the middle turbinate. This lamella has three segments, a superior horizontal, an anterosuperior to 
 posteroinferior oblique, and an inferior horizontal segment (Courtesy of Steven D. Schaefer, MD)       
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  Fig. 1.4    ( a ) Extensively pneumatized sphenoid and ethmoid sinuses. ( b ) Several basal lamellae are demonstrated along with both natural and 
accessory ostia of maxillary sinus. ( c ) Enlargement of (a) showing sphenoid and ethmoid sinuses. Medial aspect of optic nerve is exposed by eth-
moid cells (similar to Onodi cell), and internal carotid artery is transversing the lateral wall of the sinus. ( d ) Extensive pneumatization of the ethmoid 
bone and extension of posterior ethmoid cells into the sphenoid bone is well demonstrated in this specimen (Courtesy of Steven D. Schaefer, MD)       
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  Fig. 1.6    ( a ) Next dissection reveals lateral nasal wall. Ostium of maxillary sinus is cannulated by a wooden rod. ( b ) Diagram of (a) (Courtesy of 
Steven D. Schaefer, MD)       
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  Fig. 1.7    ( a ) Enlargement of Fig.  1.6a . ( b ) Diagram illustrates remnant of posterior horizontal segment of basal lamella of middle turbinate. Also 
seen is the opening to lateral sinus, which is located between the bullar and posterior ethmoid cells (Courtesy of Steven D. Schaefer, MD)       
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  Fig. 1.8    ( a ) Medial aspect of bulla ethmoidalis and uncinate process have been removed to reveal lamella of middle turbinate and natural ostium 
of the maxillary sinus. ( b ) Three of the lamellae or plates of bone from the lamina papyracea to the lateral nasal wall are shown in illustration. The 
most anterior lamella is from the uncinate process. The second lamella is the lateral extension of the anterior wall of the bulla. The third or basal 
(also known as grand) lamella provides the attachment of the middle turbinate to the lamina papyracea (Courtesy of Steven D. Schaefer, MD)       
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  Fig. 1.9    ( a ) Further removal of lateral nasal wall. ( b ) Diagram of (a) (Courtesy of Steven D. Schaefer, MD)       
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  Fig. 1.10    ( a ) All ethmoid cells have been exposed to reveal their location within the ethmoid and adjacent bones. ( b ) Note the relationship of the 
agger nasi (extramural infundibular cells) to the frontal sinus and the most posterior ethmoid cell to the sphenoid sinus. The latter is important 
because extramural ethmoid cells may be confused with the sphenoid sinus (Courtesy of Steven D. Schaefer, MD)       

            Another important variation in ethmoid anatomy is the  lateral sinus , which forms a space bounded laterally by the 
lamina papyracea, posteriorly by the lamella of the middle turbinate, anteriorly by the posterior aspect of the bulla ethmo-
idalis, and superiorly by the fovea ethmoidalis (Figs.  1.7  and  1.11 ). When the second lamella does not extend to the fovea 
ethmoidalis, the sinus lateralis continues anteriorly to the frontal recess. This gives rise, above the bulla, to a space known 
as the  suprabullar furrow  or  suprabullar recess , which communicates with the middle meatus. The  fourth lamella  is at the 
attachment of the superior turbinate, and when a supreme turbinate is also present, a  fi fth lamella  arises lateral to this 
turbinate.  

    Clinical Implications 

 In the adult, the ethmoid bone viewed in a transverse section forms a pyramid with its blunted apex located anteriorly and 
the wider base located posteriorly (Fig.  1.14 ). The entire sinus measures 4–5 cm anteroposteriorly, 2.5 cm inferosuperiorly, 
0.5 cm wide anteriorly, and 1.5 cm posteriorly [ 130 ]. Various descriptions of the ethmoid roof, such as fovea or foveolae 
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  Fig. 1.12    Lateral surface of middle turbinate where yellow border 
signifi es the areas of attachment of the lamella. Note the anterior one 
third attaches superiorly, the middle third attaches to the lateral wall 
of nasal cavity in a somewhat vertical manner, and the posterior one 
third although, also attaching to the lateral wall, does so in a horizontal 
manner (Reprinted from Stammberger [ 114 ])       

1

2

  Fig. 1.13    As    seen in this illustration, the basal lamella may become 
somewhat distorted due to the impinging ethmoid air cells 
(1) representing anterior ethmoid air cell(s) and 2 shows posterior 
ethmoid air cell(s), but the integrity of the barrier is nevertheless 
maintained (Reprinted from Stammberger [ 114 ])       
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  Fig. 1.11    Diagram in axial plane of right lateral nasal wall. Note lateral sinus 
between posterior aspect of bulla ethmoidalis and third lamella and basal 
lamella of the middle turbinate (Courtesy of Steven D. Schaefer, MD)       
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Orbit

Sphenoid sinus

Posterior ethmoid cells

Anterior ethmoid cells  Fig. 1.14    Illustration showing transverse ethmoid 
(Courtesy of Samuel Márquez, PhD)       

ethmoidales, have caused considerable confusion over the years. Lateral to the cribriform plate and the insertion of the 
middle turbinate, numerous ethmoid air cells open superiorly and are closed by the frontal bone. Mosher [ 132 ] described this 
anatomy as follows:

   [U]pon the whole length of the ethmoidal notch of the frontal bone there is a row of little half cells which is matched and completed by a 
similar row of cells upon the upper surface of the lateral mass of the ethmoid bone. (p. 832) 

   Since the indentations or foveolae of the frontal bone cover the corresponding clefts and cells of the ethmoid, the frontal 
bone is anatomically considered the roof of the ethmoid complex (Fig.  1.15 ) [ 132 ]. In addition, the use of the term fovea to 
describe the entire ethmoid roof does not distinguish between the endonasal view and the endocranial perspective as viewed 
from the olfactory groove. These air cells are either at or usually above the level of the cribriform plate. Thus, the term fovea 
or  foveola ethmoidalis  2  (fovea meaning “pit,” rather than roof or tegmen) extends on an average 2–3 mm above the more medial 
cribriform plate (Fig.  1.16 ). The plane of the fovea slopes inferomedially, with this bony plate sometimes at an acute angle to 
the cribriform plate. In such cases, the fovea is particularly vulnerable to penetration along the medial aspect of its anatomy. 
The lateral wall of the ethmoid bone is the  lamina papyracea  ( orbital plate ), which forms the most constant component.

    An analysis of the medial wall of the bony orbit shows the contour of the  lamina ossis ethmoidalis , or  lamina papyracea , 
of the  recessus frontalis  and of the  os lacrimale  (Fig.  1.17 ). Craniofacial sutures can be clearly identifi ed that include the 
frontoethmoid, frontolacrimal, frontomaxillary, and frontonasalis sutures (Fig.  1.17 ). A    number of ocular muscles are 

2   Foveolae from the Latin, foveolae ethmoidales ossis frontalis, meaning ethmoid pits of the frontal bone. 
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  Fig. 1.15    Illustration    showing fovea ethmoidalis residing within the 
frontal bone ( 10 ). Crista galli ( 1 ) site of attachment of the falx cerebri; 
cribiform plate ( 2 ) through which the olfactory fi laments passes 
through; ( 4  and  5 ) bony partition between cribiform plate and ethmoid 
cells; orbital plate ( 6 ); middle conchae ( 7 ); superior conchae ( 8 ) shown 
here as a pneumatized turbinate or a concha bullosa; ( 9 ) are the open 
roofs of the ethmoid cells with ( 10 ) showing its superior bony cover
(Courtesy of Samuel Márquez, PhD)       
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  Fig. 1.16    ( a ) The anterior surface of the coronal section contiguous with (c) is shown. It is at the level of the ventral aspect of the maxillary sinus. 
( b ) Note the continuation of the infundibular cells. The most constant of these cells is the agger nasi or pneumatization of the lacrimal bone. ( c ) 
Posterior surface of specimen in (a) is shown, which includes the ventral portion of the maxillary sinus. ( d ) Residual infundibular and supraorbital 
cells are shown in this section. ( e ) Plain fi lm radiograph of the specimen shown in (a, c) (Courtesy of Steven D. Schaefer, MD). ( f ) Coronal CT 
scan of patient with fi brous dysplasia of the left frontal bone. As this process involves the entire frontal bone, the image also illustrates that the roof 
of the ethmoid sinus is the frontal bone ( yellow arrow ). The term  fovea ethmoidalis  refers to the pitlike evagination formed by the migration of the 
ethmoid cells into the frontal bone. Contrary to common usage, the  fovea ethmoidalis  is not the roof of the ethmoid sinus (Courtesy of William 
Lawson, MD)       
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  Fig. 1.17    ( a ,  b ) View on medial wall of right orbit.  Thick black lines : 
( 1 ) Contour of lamina  orbitalis ossis ethmoidalis  (lamina papyracea), 
( 2 ) Contour of  lamina recessus frontalis , ( 3 ) Contour of lamina of  os 
lacrimale. Green arrows : superior border of lamina papyracea ( sutura 
frontoethmoidalis ).  Red arrows : superior border of  os lacrimale 
(sutura frontolacrimalis ).  Black arrows : anterosuperior border of 
frontal recess (in  a ) and superior border only (in  b ).  Yellow arrows : 
 sutura frontomaxillaris. Blue arrow :  sutura frontonasalis . Note the 
difference in height between the superior border of the lacrimal and 
ethmoidal bone! This difference results in a bend (in  a ) or even a 
notch (in  b ) of the  sutura frontoethmoidalis  ( incisura lamina orbitalis , 
 ossis ethmoidalis,  or  lamina papyracea  –  purple line ), ANT denotes 
anterior (Courtesy of Samuel Márquez, PhD)       

  Fig. 1.18    View of medial wall of orbit. Numbers (see Fig.  1.17 ).  Red 
lines : attachment of ocular muscles.  Red arrows  point to shaded plane 
(lateral wall of frontal recess).  Thick green line : attachment of lamella 
 bullae ethmoidalis. Thick blue line : attachment of basal lamella 
( lamella basalis  = frontal part of middle turbinate). Note that only a 
small part of the lateral wall of the frontal recess is made up by  lamina 
papyracea  (Courtesy of Samuel Márquez, PhD)       

attached on the medial wall of the orbit (Fig.  1.18 ). The lateral wall of the frontal recess, the area of attachment of the  lamella 
bullae ethmoidalis , and the attachment of the  basal lamella  of the middle turbinate can be also observed in the skull 
(Fig.  1.18 ). It was documented on this specimen that a small part of the lateral wall of the frontal recess is made up by  lamina 
papyracea . The attachment of the middle turbinate can be outlined on the ethmoid bone (Fig.  1.19 ), and a small  agger nasi 
cell  can be detected on the lateral wall of the ethmoid (Fig.  1.20 ). Considerable pneumatization of the  agger nasi  can take 
place and can be easily observed in CT scans (see Fig.  1.21 ). The topographical location of the  agger nasi  is considered the 
anterior limb of the uncinate process, again, markedly reduced during the course of human evolution. Further pneumatization 
of the agger includes the migration of ethmoid cells into the lacrimal bone, increasing the prominence of this eminence of 
the lateral nasal wall. Identifi cation of the lacrimal bone is an important landmark because it defi nes the border between the 
frontal bone and the frontal process of the maxilla (see Fig.  1.22 ). When the ethmoid bulla is prominent by CT imaging, 
the  lamina papyracea  is observed as its lateral border (Fig.  1.22 ). Further observed in Fig.  1.10  is that the  lamina cranialis  
of the frontal bone is the roof of the supraorbital recess.
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  Fig. 1.19    ( a ,  b ) Medial view on sagittal part of middle turbinate in two different cases.  Thick blue line : attachment of sagittal part of middle tur-
binate: ( b ) has a well-developed “ agger nasi cell ” while in ( a ) the agger nasi is not very pneumatized resulting in a small “agger nasi cell.”  Shaded 
areas  indicate the site of the agger nasi.  Blue double-headed arrows : site of insertion of the middle turbinate on frontal process of the maxilla 
( crista ethmoidalis ossis maxillaris ).  Red double-headed arrows : site of insertion of middle turbinate to fl oor of frontal sinus when frontal recess 
when the latter is extensively pneumatized medially.  Green double-headed arrows : part of the middle turbinate that attaches to the skull base.  Thick 
green arrow  points to a  dashed grey line  (free border of the middle turbinate). Note that (b) has a well-developed  agger nasi cell  (Courtesy of 
Samuel Márquez, PhD)       

  Fig. 1.20    Internal view of the lateral wall of the ethmoid 
(parasagittal section).  Dashed line  represents the  agger nasi . In this 
case, there exists a small  agger nasi cell  in close contact with the 
 uncinate process  ( yellow line ).  fr  frontal recess.  Black double-headed 
arrow : posterior border of  agger nasi. Black arrows : anterior and 
posterior ethmoidal artery.  Green line : attachment of the bulla and 
 lamina bullae  to  lamina papyracea. Blue line : attachment of ground or 
basal lamella ( lamina basalis ) to  lamina papyracea. Red line : anterior 
border of  lamina papyracea . Note small part of lateral wall of the 
frontal recess that is made up by lamina papyracea (less than 10 % 
of area is between  red  and  green line ) (Courtesy of Samuel 
Márquez, PhD)       

        The actual size of the ethmoid sinus and the number of cells present vary in each reported series (Figs.  1.23 ,  1.24 , and 
 1.25 ). Van Alyea [ 116 ] examined 100 specimens, fi nding a range of 4–17 cells and averaging 9 cells per specimen. Schaeffer 
[ 133 ] found the simplest ethmoidal labyrinth to consist of only three cells and the most complex of 16 cells. When only a 
few cells occupy the ethmoid labyrinth, they become large. However, when there are 12–16 cells “massed” together in the 
ethmoid region, each cell “struggles for space” resulting in the highly variable and irregularly formed ethmoidal air cells 
observed. The fact that the sinus is known as the “ethmoid labyrinth” attests to the intricacy of the structure and challenges 
our understanding of its anatomy [ 134 ].

     For this discussion, cells are divided into those that are within the ethmoid region or  intramural  and those that are outside the 
ethmoid or  extramural . The intramural cells are further divided into the smaller but more numerous anterior cells and the larger 
posterior cells, with some authors calling the ethmoid bulla the “middle cells” (Figs.  1.26  and  1.27 ). However, descriptions of a 
“middle ethmoid” or of “middle ethmoid cells” are considered incorrect since they are not based on developmental, anatomical, 
or functional grounds [ 3 ,  132 ]. The anterior ethmoid cells can be further subdivided based on their location or that of their ostia 
[ 133 ]. However, cells of a given origin frequently invade the territory usually occupied by cells of another origin, and at least 
one author favors classifi cation by the location of their ostia (see examples of several classifi cations in Table  1.3 ) [ 135 ].
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  Fig. 1.21    ( a ,  b ) Coronal CT scans. ( a ) A large  agger nasi cell  (note the intimate relation between  agger nasi cell  and  uncinate process ). ( b ) 
Transition of the  agger nasi  cell into a  lacrimal cell  (note again that the fl oor of this cell is shaped by the uncinate process that is now more visible). 
 Yellow arrows : frontal process of the maxilla.  Blue arrows : orbital plate of the frontal bone.  Green arrows : lacrimal bone. Note in (a) the free 
border of the middle turbinate is not visible or adjacent to the  agger nasi cell , and the lateral wall of that cell is made up by the frontal recess of 
the maxilla. This is a true “ agger nasi cell ” because it is located within the surface feature of the lateral nose known as the  agger nasi . In (b) the 
lateral wall of this cell is made up by the lacrimal bone, and free border of the middle turbinate begins to become visible. As this cell is posterior 
to the  agger nasi , it would be considered a “lacrimal cell” (Courtesy of Samuel Márquez, PhD)       

  Fig. 1.22    ( a ,  b ) Coronal CT scans. ( a )  Purple arrows  point to the  lamina orbitalis  of the frontal bone that is always superior to the lacrimal bone 
( red arrows ). The lacrimal bone is an easy landmark to defi ne the difference between frontal bone and frontal process of the maxilla. In this CT 
scan one can see the frontal recess underneath the fl oor of the frontal sinus. ( b )  Green arrows :  lamina papyracea  (lateral wall of the  bulla ethmoida-
lis ). ( 1 ) Frontal sinus; ( 2 )  frontal recess ; ( 3 )  suprabullar recess. Red line :  lamina orbitalis  of frontal bone.  Yellow line : lamina cranialis of frontal 
bone (roof of the supraorbital recess).  Purple line : roof of the  suprabullar recess  (or  fovea /frontal bone) (Courtesy of Samuel Márquez, PhD)       
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  Fig. 1.23    ( a ) Sagittal paramedian section through dried skull.  ES  ethmoid sinus,  FS  frontal sinus,  SS  sphenoid sinus,  MS  maxillary sinus. ( b ) 
Magnifi ed view of (a) showing thin enchondral bone of ethmoid sinus. ( c ) Sagittal paramedian section through unembalmed cadaver illustrating 
paranasal sinus anatomy.  SS  sphenoid sinus,  FS  frontal sinus. ( d ) 1882 illustration by Emil Zuckerkandl showing the paranasal sinuses in a coronal 
plane ( a – c : Courtesy of Samuel Márquez, PhD)       

  Fig. 1.24    ( a ) Sagittal paramedian section through dried skull in different specimen than Fig.  1.23a, b  illustrating variations in ethmoid anatomy. 
Inset of whole skull provides for orientation.  SS  sphenoid sinus,  MS  maxillary sinus,  FS  frontal sinus. ( b ) Sagittal paramedian section through 
additional unembalmed cadaver head showing variation in sinus anatomy. ( c ) Paramedian three-dimensional reconstruction of multiple CT images 
showing complexity of sinus anatomy.  SS  sphenoid sinus,  MS  maxillary sinus,  FS  frontal sinus,  pe  posterior ethmoid sinus,  ae  anterior ethmoid 
sinus (Courtesy of Samuel Márquez, PhD)       
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  Fig. 1.25    ( a ) Sagittal    paramedian section through dried skull in a third specimen, again illustrating the variation in development of the ethmoid 
sinus. Inset of whole skull provides for orientation.  SS  sphenoid sinus,  MS  maxillary sinus. ( b ) Sagittal paramedian section through unembalmed 
cadaver other than seen in prior fi gures showing anatomy of ethmoids, frontal recess, and frontal sinus.  FS  frontal sinus,  fo  frontal ostium or out-
fl ow tract,  fr  frontal recess,  pe  posterior ethmoid cell, ANT denotes anterior (Courtesy of Samuel Márquez, PhD)       
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  Fig. 1.26    ( a ) Anterior surface of coronal section contiguous with specimen in (c) is shown, which includes the midportion of the maxillary sinus. 
( b ) On the right of the specimen are several middle ethmoid cells, including bullar cells. On the left is a large bullar cell. ( c ) Posterior surface of 
the specimen in (a) is shown, which exposes the middle ethmoid or bullar cells. ( d ) Illustration showing the middle ethmoid cells seen in (c). ( e ) 
Plain fi lm radiograph of specimen in (a–c). Note the uncinate process projecting several millimeters superiorly ( curved arrow ). The  large arrow  
points to membranous meatus (Courtesy of Steven D. Schaefer, MD)       
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     Among the various classifi cations proposed, the Ritter nomenclature system conveys most clearly the origin and drain-
age of the ethmoid cells. Using Ritter’s classifi cation, the most anterior cells are the frontal recess cells (range 0–4 cells), 
which arise from the anterosuperior growth of the ethmoid cells into the frontal bone (Figs.  1.5  and  1.12 ). These cells may 
come to rest within the frontal bone by either forming the frontal sinus, giving rise to the  frontal bullae,  bulging into the 
frontal sinus fl oor, or forming the  supraorbital ethmoid cells  as they pneumatize the orbit [ 28 ,  136 ]. The inferior expan-
sion of these cells can displace the “nasofrontal duct,” resulting in a tortuous or serpentine course of the duct (see Frontal 
Sinus discussion). 
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Frontal
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  Fig. 1.27    ( a ) Parasagittal section through the middle turbinate is shown. ( b ) Extensive pneumatization of the ethmoid bone is shown, as repre-
sented by the anterior and posterior ethmoid sinuses (Courtesy of Steven D. Schaefer, MD)       

  Table 1.3    Classifi cation 
of sinus cells  

  Middle meatus    Anterior ethmoid cells    Anterior ethmoid cells  
 Infundibular cells  Fontal recess  Fontal recess 
 Agger nasi  Infundibular  Infundibular 
 Terminal  Bullar  Bullar 
 Suprainfundibular  Conchal  Conchal 
 Inferior  Extramural (i.e., agger nasi)  Extramural 
  Superior meatus    Posterior ethmoid cells    Posterior ethmoid cells  
 Posterior cells  Intramural  Intramural 

 Extramural [ 110 ]  Extramural [ 135 ] 
  Supreme meatus  
 Postreme cells [ 116 ] 
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Right frontal
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  Fig. 1.28    ( a ) Posterior surface of coronal section at the ventral aspect of the frontal sinus is shown. ( b ) This section is suffi ciently ventral to the 
body of the frontal sinus to include only a remnant of the frontal recess cells of the anterior ethmoid. ( c ) Plain fi lm radiograph of the specimen 
shown in Fig.  1.19a  (Courtesy of Steven D. Schaefer, MD)       
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  Fig. 1.29    ( a ) Frontal recess of left ethmoid bone. ( b ) Diagram of (a). The relationship of the frontal sinus to the nose may be compared to an 
hourglass. The upper body of the glass is the frontal sinus, the neck is the ostium, and the lower body is the frontal recess (Courtesy of Steven D. 
Schaefer, MD)       

 The infundibular cells (range 1–7 cells) are the second most anterior cells (Figs.  1.28 ,  1.29 , and  1.30 ). The most constant 
of these cells form the extramural cells, the  agger nasi , through the pneumatization of the lacrimal bone [ 70 ]. These cells are 
located on the lateral nasal wall immediately anterior to the middle turbinate and constitute an important landmark in both 
intranasal procedures and external ethmoidectomy. They drain into the three-dimensional space of the  ethmoid infundibulum , 
a pouch or trough that ends superiorly in the frontal recess (Figs.  1.4  and  1.6 ). In some individuals, the infundibular cells may 
be the origin of the frontal sinus (Fig.  1.31 ) [ 96 ]. The  ethmoid infundibulum  lies anterior to the bulla ethmoidalis and is 
bounded medially by the middle turbinate (Figs.  1.5  and  1.6 ). The infundibulum is also the site of drainage for the frontal 
sinus and other anterior ethmoid cells involving the adjacent frontal, lacrimal, and nasal bones. Baron Alexis de Boyer is 
credited to have fi rst coined the term  infundibulum  [Nomina Anatomica] with cells draining into this trough also known as 
 Boyer’s cells  [ 28 ].    3  However, the fi rst description of the infundibulum was most probably by Alexander Monro (the elder) in 
1797, who described funnel-like openings of irregular cells around the cribriform plate, but did not name them until the 
second issue of his anatomical text (see discussion in Márquez and colleagues [ 3 ]).

      The bullar cells (range 1–6 cells) are the most constant of the anterior ethmoid cells and together form a partial sphere 
lateral or beneath the middle turbinate, the  bulla ethmoidalis  (Figs.  1.5 ,  1.6 ,  1.7 ,  1.8 ,  1.9 ,  1.10 ,  1.17 ,  1.18 , and  1.22 ) [ 116 ]. 
The term bulla ethmoidalis was fi rst used by Zuckerkandl [ 28 ], although Grünwald [ 209 ] used the term lateral torus. Lang 
[ 137 ] gave its dimensions as 18 (9–28) mm long and 5.4 (2–13) mm high, whereas Zuckerkandl [ 28 ] reported lengths of 20 
and 26 mm. By defi nition, this region of the ethmoid bone would not be called the bulla without pneumatization. A variable 
number of ethmoid air cells generally develop in the lamella of the bulla, producing the characteristic swelling described as 
the bulla ethmoidales [ 131 ]. Even though the extent of pneumatization of the bulla is highly variable for individuals, a 
prominence is always detectable endoscopically and radiographically [ 29 ]. The bullar cells drain into the middle meatus via 
crescentic ostia that lie superiorly, posteriorly, and parallel to the much larger semilunar cleft in the lateral nasal wall, the 
entrance of which Zuckerkandl described as the  hiatus semilunaris  [ 96 ,  116 ]. The hiatus semilunaris forms the curved 
groove between the bulla ethmoidalis that borders it posteriorly and the uncinate process, a ridge of bone formed by the ramus 
descendens of the fi rst ethmoturbinal, which borders it anteriorly (Figs.  1.11  and  1.22 ) [ 130 ]. The relationship of the hiatus 
to the middle turbinate is variable, being noted most commonly 11–20 mm posterior to the anterior aspect of the turbinate 
[ 97 ]. Superiorly, the hiatus communicates with the  ethmoid infundibulum  (Fig.  1.6 ). The anteroinferior boundary of the 
hiatus semilunaris is the  uncinate process , also a semilunar structure, which has an anterosuperior to posteroinferior sagittal 
orientation. It ranges from nearly fl at to 4 mm in height and 14–22 mm in length with its free margin occasionally projecting 
into the nasal cavity (Figs.  1.5 ,  1.6 ,  1.7 ,  1.8 ,  1.9 ,  1.10 ,  1.11 ,  1.31 , and  1.32 ) [ 97 ]. The uncinate process being immediately 
posterior to the agger nasi bone makes its visualization on the lateral nasal wall dependent on the anterior and inferior expan-
sion of the middle turbinate.

   The uncinate process is considered one of the most important surgical landmarks of the lateral nasal wall for endonasal 
sinus surgery. In addition, its medial appendage is strategically located near the osteomeatal complex (OMC) [ 138 ]. 4  The 
dynamics of this region are such that any abnormal growth or excessive pneumatization of the uncinate process can poten-
tially narrow and ultimately obstruct the outfl ow tract of multiple sinuses. Moreover, normal variations in the morphology of 

3   According to Stammberger and colleagues [ 133 ], Boyer had named the cleft that Killian would later describe as the frontal recess. 
4   Naumann coined the term OMC to describe the region between the insertions of the inferior and middle conchae where the confl uence of the 
frontal, ethmoid, and maxillary sinuses all drain into before entering the nasal cavity. 
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  Fig. 1.30    ( a ) Anterior surface of coronal section through frontal sinus contiguous with section in Fig.  1.28a  is shown. ( b ) Note frontal recess cells 
seen in coronal section in (a). These cells are among the several possible origins of the frontal sinus. ( c ) Posterior surface of specimen in (a) is 
sectioned immediately dorsal to the principal cavity of the frontal sinus. ( d ) Supraorbital ethmoid cells are shown immediately superior to infun-
dibular cells of the anterior ethmoid. The lateral boundary of these cells is the lamina papyracea, which is the most constant structure in the ethmoid 
bone. ( e ) Plain fi lm radiograph of the specimen shown in (a–c) (Courtesy of Steven D. Schaefer, MD)       
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  Fig. 1.31    ( a ) Midsagittal section showing anatomy of the lateral nasal wall. Middle turbinate has been defl ected superiorly to reveal the surface 
anatomy of the ethmoid sinus. ( b ) The hiatus semilunaris appears as a depression between the bulla ethmoidalis and the uncinate process. Anterior 
to the uncinate ridge is the agger nasi, which is formed by the pneumatization of the lacrimal bone by the infundibular cells of the ethmoid. 
Accessory ostium of maxillary sinus appears above the inferior turbinate (Courtesy of Steven D. Schaefer, MD)       
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  Fig. 1.32    Diagrammatic representation of variations in uncinate process. These include (1) most common appearance of uncinate process giving 
rise to this structure terminating in the nasal cavity ( a ), (2) uncinate process inserting on the lamina papyracea to form a sinus terminalis ( b ), (3) 
uncinate process fusing with fovea ethmoidalis ( c ), and (4) extensively pneumatized uncinate process partially obstructing outfl ow from the eth-
moid and maxillary sinuses ( d ) (Courtesy of Steven D. Schaefer, MD)       

the uncinate process give rise to several patterns of drainage from the OMC (see discussion in Isobe et al. [ 139 ] and Fig.  1.33 ). 
The fi rst variation is an uncinate process coursing superolaterally to insert on the lamina papyracea (Fig.  1.32b ). This varia-
tion leads to closure of the superior aspect of the infundibulum to form a blind pouch known as the  recess terminalis  and 
results in the communication of the frontal recess with the middle meatus medial to the ethmoid infundibulum. Thus, the 
frontal sinus drains into the nose medial to the ethmoid infundibulum and lateral to the middle turbinate. A second variation 
is an uncinate process extending superiorly to insert on or approximate to the fovea ethmoidalis, causing the frontal sinus to 
drain directly into the ethmoid infundibulum via the frontal recess (Fig.  1.32c ). Another variation is extensive pneumatiza-
tion of the uncinate process, which can potentially obstruct drainage through the infundibulum (Fig.  1.32d ).

   The terminology regarding the anatomical boundaries of the hiatus semilunaris invites confusion. Some authors prefer to 
divide the hiatus semilunaris into anterior and posterior portions, while others tend to describe it as extending from the supe-
rior terminal of the frontal recess to the posterior aspect of the bulla, thereby substituting the anterosuperior portion of the 
hiatus for part of the ethmoid infundibulum. Others consider the infundibulum to be the bottom or most lateral region of the 
hiatus when describing the anterosuperior aspect as the ethmoid infundibulum (e.g., frontal recess to the bulla ethmoidalis) 
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thereby designating that part of the infundibulum which communicates with the natural ostium of the maxillary sinus as the 
 maxillary infundibulum  (Fig.  1.6 ) [ 97 ,  130 ]. Various descriptions are given of the hiatus that include part of the infundibulum. 
The current consensus is that the hiatus should be viewed as a two-dimensional structure, as Zuckerkandl [ 26 ] originally 
described, and should be regarded as the entrance into the infundibulum [ 132 ]. Whatever terminology is used, these structures 
are important landmarks and constitute the route by which secretions can fl ow from the frontal and anterior ethmoid cells into 
the ostium of the maxillary sinus [ 96 ]. Sometimes a bony process develops from the attachment of the middle turbinate and 
projects laterally toward the orbit, but this is a rare event. Pneumatization of this process is termed a  Haller’s cell  (Fig.  1.33 ). 
As this cell is at the inferomedial aspect of the orbital rim, extensive pneumatization can impair outfl ow of the maxillary sinus, 
serve as a primary site of ethmoiditis, or increase the vulnerability of the eye to injury during endoscopic ethmoidectomy. 

  Conchal cells  are ethmoid air cells that invade the middle conchae, and when these cells are located in the anterior aspect 
of the conchae, the condition is referred to as a  concha bullosa  (Fig.  1.27 ) [ 28 ,  140 ]. The bullosa cells are clinically important 
because they can be an isolated source of recurrent ethmoiditis or may obstruct the middle meatus. The  middle turbinate , 
being a medial appendage of the lateral nasal wall, overhangs the bulla ethmoidalis, the hiatus semilunaris, and the uncinate 
process (Fig.  1.16 ). On occasion, both the uncinate process and hiatus semilunaris are not covered by the downward expan-
sion of this 3.5–4 cm long important bony structure. Anteriorly, the middle turbinate is attached superiorly to the cribriform 
plate, with a 15° slope posteroinferiorly so that the posterior tip lies at, or immediately inferior, to the sphenopalatine fora-
men (Fig.  1.34 ) [ 136 ].
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Maxillary
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semilunaris Cribriform plate Fovea ethmoidalis

Anterior
ethmoidal canal

Uncinate
process

Haller’s cell

  Fig. 1.33    Schematic of relationship 
of paranasal sinuses to anterior cranial 
fossa and orbit. The anterior 
ethmoidal canal varies from 2 mm 
inferior to 4 mm superior to the 
cribriform plate, and the posterior 
canal ranges from 0 to 3.1 mm 
superior to the cribriform. 
Pneumatization of inferomedial orbit 
is known as Haller’s cell (Courtesy of 
Steven D. Schaefer, MD)       
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  Fig. 1.34    ( a ) Most medial of a series of progressive dissections of left lateral nasal wall. ( b ) Diagram of (a) illustrating surface anatomy (Courtesy 
of Steven D. Schaefer, MD)       
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   The  posterior ethmoid cells  (range 1–7 cells), which invade the posterior ethmoid capsule, may also involve the 
middle turbinate, the sphenoid, the palatine, and the maxillary bones (Figs.  1.4 ,  1.6 ,  1.7 ,  1.26 , and  1.27 ). An important 
form of the extramural extension of the posterior ethmoid cells is the migration of these cells to the medial aspect of the 
optic nerve within the sphenoid bone. Such cells located superiorly and inferiorly to the optic nerve are called  Onodi 
cells  [ 141 ]. These cells are clinically important because the optic nerve may be covered by relatively thin bone and 
vulnerable to injury by dissection posterior to the anterior face of the sphenoid bone (for review on anatomical relation-
ships between optic nerve and paranasal sinuses, see Loeb [ 142 ], Fig.  1.4 ). At the junction of the lamina papyracea and 
the frontal bone, the posterior ethmoidal artery enters the posterior ethmoids approximately 2–8 mm (average 5 mm) 
anterior to the optic nerve. The  anterior ethmoidal canal  (Figs.  1.4  and  1.33 ) containing the artery (AEA) and the nerve 
of the same name runs between 1 mm inferior and 4 mm superior to the cribriform plate. The extraordinary course of 
the AEA originates from the orbital region passing through the anterior ethmoidal foramen traversing the anterior eth-
moid cells and onto the anterior cranial fossa to fi nally enter the nasal cavity proper [ 143 ]. Among 100 crania studied by 
Mutalik and colleagues [ 144 ], all individuals exhibited an anterior ethmoidal foramen bilaterally, and only two individu-
als exhibited anterior ethmoidal foramina without having posterior ethmoid foramina. Some individuals also presented 
with middle and accessory ethmoid foramina. However, Singh et al. [ 145 ] and McDonald and colleagues [ 146 ] reported 
2 and 5 % rates of unilateral expression of the anterior ethmoid foramen. These data suggest that some degree of vari-
ability is present in the morphology of the ethmoid foramina and their canals, which is of surgical importance in orbital, 
sinus, and skull base surgery. Furthermore, a substantial number of individuals will present with a natural dehiscence 
of the anterior ethmoid canal as it crosses the posterior aspect of the frontal recess at a region called  the dome of the 
ethmoid  [ 141 ,  147 ]. Injury to the AEA results in bleeding into the nasal cavity that can potentially cause the retraction 
of the vessel into the orbit, which in turn, leads to intraorbital bleeding and the danger of blindness. The  posterior eth-
moidal canal  traverses the ethmoid bone at a plane approximately 1.5 mm above the cribriform plate, and it may also 
be partially dehiscent of bone.   

    Maxillary Sinus 

    Development and Functional Anatomy 

 The maxillary sinus, universally described as a pyramidal-shaped cavity lying within the body of the maxilla, is the larg-
est and most constant of all four paranasal sinuses [ 148 ]. Asymmetries of maxillary sinus size have been reported [ 149 ], 
but differences in the degree of asymmetry have not revealed any clear dominance of one particular side [ 150 ]. An overall 
consensus is lacking regarding its shape, probably due to the high variability in its development [ 19 ]. Cullen and Vidic 
[ 151 ] attempted to classify its prenatal morphology as elliptical, triangular, irregular, rectangular, and spherical shaped. 
Anagnostopoulou et al. [ 152 ] classifi ed 119 casts of adult maxillary sinuses from 60 dry skulls as semiellipsoid, paraboloid, 
hyperboloid, and cone shaped. The maxillary sinus is generally described as being pyramidal shaped [ 153 ], although Anon 
et al. [ 19 ] preferred the term “tetrahedral” to represent its morphology in three-dimensional space. Its anterior wall is the 
facial surface of the maxilla, where the facial vein and artery run, while the posterior wall is the infratemporal fossa, where 
the maxillary artery 5  and vein are located. The medial wall constitutes the lateral wall of the nasal cavity, where a number of 
vascular structures are situated (e.g., branches of the sphenopalatine, the septal branch of the superior labial, and ethmoidal 
arteries). The superior wall or roof of this sinus is the fl oor of the orbit, and the fl oor of this sinus is the alveolar process of 
the maxilla. Evident from its topographical relationship to contiguous structures, infections and tumors of the maxillary sinus 
can spread in multiple directions, especially to the dentition [ 154 ,  155 ]. 

 Development of the maxillary sinus begins by the 65th day of gestation, making it the fi rst sinus to develop in utero [ 156 ]. 
Various authors have reported different onsets of development. The initial onset of maxillary sinus development reported 
by Schaeffer [ 150 ] was the 70th day; Kallius [ 157 ] timed the initial evagination during the middle of the third month; 
and Brandt and Roper-Hall [ 158 ] and Aubert [ 159 ] saw the fourteenth week as the beginning of maxillary sinus prenatal 
development. The initial stage of development of this sinus has been traditionally described as a mucosal evagination (i.e., 
bud) into the lateral cartilaginous environment of the nasal capsule. However, Wang et al. [ 160 ] recently suggested that the 

5   Based on the Nomina Anatomica [NA] adopted in Paris 1955. The maxillary artery, in the older Basle Nomina Anatomica [BNA], was referred 
to as the “internal maxillary artery” to distinguish it from the “external maxillary artery” which is the “facial artery” in the NA and in the current 
 Terminologia Anatomica  [TA]. 
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mucosal evagination or outpouching of the nasal mucous membranes should be considered as a secondary event rather than 
the primary force. While Schaeffer [ 150 ] described this pouch as a minute epithelial sac forming the anlage of the sinus, 
its presence precedes the appearance of the cartilage that later surrounds it. Wang et al. [ 160 ] showed that during the 19th 
week in utero, the mucosa of the maxillary sinus makes direct contact with the maxillary bone only after the surrounding 
cartilaginous wall of the maxillary sinus begins to disappear through the degeneration and absorption of its cartilaginous 
cells. The exact location of this maxillary sinus outpouching stems from the primitive ethmoid infundibulum, also known as 
the uncibullous groove, which becomes the future uncinate and bulla ethmoidales structures which will demarcate the portal 
between the ethmoid infundibulum and nasal cavity [ 150 ]. This developmental stage explains why any drainage from this 
sinus will go through the ethmoid infundibulum before reaching the middle meatus. 

 At birth, the sinus has an average volume of 6–8 ml, but is fl uid fi lled, making interpretation of plain fi lm radiographs 
diffi cult [ 102 ,  121 ]. However, Weiglein et al. [ 161 ] reported that this sinus is of appreciable size at birth and can be identi-
fi ed on a Caldwell view. A rudimentary maxillary sinus can be seen at birth on CT, either as soft tissue-fi lled or as a small 
pneumatized nubbin. The maxillary sinus then undergoes two periods of rapid growth: one between birth and 3 years and 
the other between 7 and 12 years [ 102 ,  150 ]. Between these two growth periods, at around 4 years of age, the sinus extends 
laterally past the infraorbital canal [ 162 ]. After the second period of rapid growth (see Table  1.4 ), subsequent expansion 
involves pneumatization of the alveolar process of the maxilla. Before growth is completed, there is a descent of the maxil-
lary sinus from 4 mm above the fl oor of the nasal cavity at birth to the same level as the nasal fl oor at age 8–9 years and 
then a fi nal drop of 4–5 mm below this level by adulthood (Figs.  1.35  and  1.36 ) [ 126 ]. Since the descent of this sinus 
coincides with dental eruption, a long-held belief sees an intimate relationship between these two developmental events 
[ 107 ]. Libersa et al. [ 12 ] and Márquez et al. [ 163 ], however, have demonstrated very poor and statistically insignifi cant 
relationships between molar eruption pattern and adult maxillary sinus form and between molar volume and adult sinus 
size, respectively ( p  > 0.05).

   Table 1.4    Embryologic pattern of development   

 Paranasal sinus  Embryologic appearance  Postnatal appearance  Growth spurt interval 

 Ethmoid sinus  Development begins in third 
fetal month 

 Present at birth  First growth spurt between 1 and 4 years, second growth spurt 
between 4 and 8 years 

 Maxillary sinus  65th day of gestation  Present at birth  First growth spurt between birth and 3 years, second between 
7 and 12 years 

 Frontal sinus  Development begins in fourth 
fetal month 

 Detected at 7–12 years 
of age 

 Adult size is completed by 20 years 

 Sphenoid sinus  Development begins in third 
fetal month 

 Detected at 3–4 years 
of age 

 By seventh year, sinus begins to extend posteriorly toward the 
sella turcica 

  Fig. 1.35    A coronal section of adult human crania shown in dorsal 
view illustrating the descent of the maxillary sinus fl oor falling below 
the level of the nasal cavity fl oor (Reprinted from Underwood [ 68 ])       
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  Fig. 1.36    ( a ) A coronal section exposing the posterior wall of the maxillary sinuses is shown from an anterior perspective and as a reference for 
(c). ( b ) Residual maxillary cavity is shown, along with the adjacent posterior ethmoid cells. Note the fovea ethmoidalis is properly identifi ed. ( c ) 
The posterior surface of the specimen in (a) is shown. It is immediately dorsal to the maxillary sinus or at the plane of the pterygopalatine space. 
( d ) Dorsal surface of the anterior wall of the sphenoid sinus is visualized, along with the nasopharynx. Note the relationship of nerves to the sinus 
wall. ( e ) Plain fi lm radiograph of the specimen in (a), showing the remnant of the pterygoid plates and the convergence of the posterior ethmoids 
(a) and the sphenoid sinus (c) (Courtesy of Steven D. Schaefer, MD)       

          Clinical Implications 

 In the adult, the maxillary sinus can be roughly described as triangular in shape, measuring 25 mm along the anterior limb 
of its base, 34 mm in depth, and 33 mm in height [ 102 ,  126 ]. The sinus can be partially compartmentalized by either com-
plete or incomplete septa. Knowledge of the incidence and morphology of maxillary sinus septa has clinical implications 
especially in sinus lift operations performed preparatory to the placement of dental implants [ 164 ]. In rare cases, separate 
cavities can exist in the posterior part of the sinus, which can be a source of persistent infection [ 165 ]. 
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 Lawson et al. [ 148 ] showed that enlargement of the sinus is uncommonly encountered and may be produced by air (pneu-
mocele) and mucus (mucocele) entrapment or by benign tumors which have arisen in the sinus or adjacent maxilla and have 
grown intracavitarily, with the sinus walls expanding and remodeling to accommodate them. Reduction in the size and vol-
ume is more frequent. Heredofamilial syndromic conditions reduce sinus size by impaired facial growth centers or oblitera-
tion by dense osteosclerosis.  Silent sinus syndrome , which likely results from resorption of air in an obstructed maxillary 
sinus leading to negative pressure in the lumen and ultimately initiating inward remodeling of the sinus walls, is a cause of 
enophthalmos and hypoglobus in some patients. Often the confi guration on visual inspection may suggest proptosis on the 
contralateral (unaffected) side, until CT imaging reveals the true cause of the asymmetry as enophthalmos from an inferiorly 
bowed orbital fl oor instead [ 166 ]. Irradiation for neoplastic disease in the pediatric population directly suppresses the growth 
centers or impairs pituitary function. Another iatrogenic cause is by direct surgical intervention (Caldwell-Luc procedure) 
where the sinus volume and shape is reduced by osteoneogenesis. Midfacial fractures involving the sinus also produce distor-
tion by sclerosis and malpositioning of bone fragments. Systemic disorders such as sickle-cell anemia and osteopetrosis, 
which diffusely effect medullary bone, do so through either compensatory marrow proliferation or sclerotic new bone forma-
tion, thus serving to produce maxillary enlargement and sinus obliteration. 

 The greatest source of maxillary sinus distortion and destruction are neoplasms. Malignant sinonasal and oral cavity 
tumors produce bony erosion of the sinus walls, whereas benign odontogenic cysts remain external to the sinuses and com-
press it as they enlarge. Most odontogenic tumors produce external compression and remodeling. Fibro-osseous disorders 
similarly produce size and shape distortions by external impingement. Although diverse developmental and pathologic con-
ditions infl uence maxillary sinus morphology, there is a limited range of biological response. 

 The primary or  natural ostium  of this sinus is located in the superior aspect of the medial wall of the sinus and drains via 
its infundibulum into the hiatus semilunaris (Figs.  1.4 ,  1.6 ,  1.7 ,  1.8 ,  1.9 , and  1.10 ). Despite a marked variation in position, 
most investigators see the ostia as being in the region of the posterior half of the infundibulum or posterior to the midpoint 
of the bulla ethmoidalis [ 97 ,  100 ,  102 ]. Lang and Papke [ 167 ] found that the ostium is located 1.3–11.5 mm (average 4 mm) 
from the nasolacrimal duct (Fig.  1.37 ), and this proximity of the duct to the natural ostium makes it vulnerable to injury dur-
ing middle meatus antrostomy. The pneumatization of the ethmoidal bulla and the height (e.g., medial and superior projec-
tion) of the uncinate process help to form a canal leading to the maxillary sinus which was incorrectly termed   maxillary 
infundibulum . 6  This structure varies in depth (average 5 mm) [ 150 ], orientation, and accessibility via the nose [ 97 ].

   The  natural ostium  tends to be elliptical (Fig.  1.38 ), measuring from 1 to 20 mm in length [ 150 ]. In addition,  acces-
sory maxillary sinus ostia  were found in 15–40 % of subjects examined by various authors (Figs.  1.4  and  1.31 ) [ 97 ,  100 , 
 150 ]. These ostia may be located in the infundibulum or the membranous region of the medial sinus wall, the latter being 
only a reduplication of the mucosa of the sinus and the lateral nasal wall. This membranous wall is known as  the mem-
branous meatus or fontanelle . This region is located inferior to the uncinate process and superior to the insertion of the 

6   The maxillary infundibulum and frontal infundibulum are totally within their respected sinuses appearing as funneling tunnels whose orientation 
is toward their natural ostia [ 132 ]. 
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  Fig. 1.37    ( a ) The lateral nasal wall has been exenterated to show the medial orbit, maxillary sinus, and nasolacrimal duct. ( b ) The illustrated ver-
sion of (a) (Courtesy of Steven D. Schaefer, MD)       
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inferior turbinate. Clinically, this site is particularly important because it may be used as an alternative to open the natural 
ostium when the latter cannot be found during the performance of a middle meatus or supra-inferior turbinate 
antrostomy.

   During the seventeenth century, antral trephination for suppuration was the most common maxillary sinus operation per-
formed, followed by molar tooth extraction to create an oral-antral fi stula for dependent drainage of an infected maxillary 
sinus [ 168 ]. Historically, the next procedure for sinus drainage was an anterior wall approach above the canine fossa which 
was maintained patent for irrigation procedures. Then came the Caldwell-Luc procedure, which combined the anterior wall 
approach with an intranasal antrostomy, and after removal of the infected mucosa, the intranasal incision was closed. 
Presently, endoscopic sinus surgery is performed primarily for treating infected maxillary sinuses [ 168 ].  

    Frontal Sinus 

    Development and Functional Anatomy 

 Frontal sinus growth begins during the fourth fetal month in the primordia of the nasofrontal area within the frontal recess 
[ 169 ]. At birth, it has little clinical relevance and is often indistinguishable from the anterior ethmoid cells. Davis [ 170 ] 
tracked the frontal sinus postnatal development of 160 crania ranging from birth to 16 years of age and recorded that an 
evagination into the vertical portion of the frontal bone occurred during the second year. At 3 years of age, the frontal sinus 
is observed 3.8 mm above nasion (i.e., a craniometric point defi ned as the junction between the nasal and frontal bones at the 
midline) and continues its vertical growth trajectory at an average annual rate of 1.5 mm until the 15th year. Given the length 
of this growth trajectory, it has been studied as a marker of skeletal age alongside other osseous indicators such as stature and 
sequence of hand-wrist ossifi cation (e.g., Gagliardi et al. [ 171 ]). 

 Final growth of the frontal sinus is completed before the 20th year, making it the last sinus to develop [ 126 ,  162 ]. 
Although as many as three sinuses have been reported in the literature (Fig.  1.39 ) [ 172 ], adult frontal sinuses consist gener-
ally of a pair which are asymmetrical in nature (Fig.  1.40 ) [ 132 ]. Tilley [ 173 ] illustrated the diversity of different frontal sinus 
morphologies, and he discredited using the prominences of the superciliary ridges as a guide in determining the presence and 
extent of the sinuses behind them. The potential of diverse initial growth patterns of the frontal sinus means that the adult 
sinus is highly variable such that each confi guration is considered unique to each individual [ 174 ]. Indeed, forensic identifi -
cation of postmortem skeletal material based on the radiography of frontal sinus morphology has been used successfully in 
criminal investigations (for historical review, see ref. [ 175 ] and more recent investigations by Tang and colleagues [ 176 ] and 
da Silva and others [ 177 ]). The resulting adult morphology is even variable between monozygotic twins, which may exhibit 
marked differences in sinus size and shape as a result of secondary pneumatization operating in an opportunistic, epigenetic 
fashion [ 178 ]. Shapiro and Schorr [ 179 ] attempted to explain the vast differences observed in pneumatization patterns of the 

  Fig. 1.38    A 30° endoscope image of the left primary maxillary 
ostium exhibiting its elliptically shaped aperture from which mucus 
can be seen draining (Courtesy of Michael Papaxanthos, MD)       

 

S. Márquez et al.



31

frontal bone and concluded three factors may be ultimately responsible: (1) craniofacial confi guration, (2) thickness of the 
frontal bone, and (3) hormonal growth factors.

    Honig et al. [ 180 ] proposed a model in which there were two separate developmental origins for the frontal sinus. They 
transplanted median sections of the frontal bone into the occipital region of infant pigs before the formation of the frontal 
sinus via invasion of adjacent ethmoid air cells. The removed occipital bone sections were subsequently used to replace the 
missing sections of frontal bone. It was found that both the frontal and occipital bone transplants developed sinuses. The 
transplanted occipital section was invaded laterally by expanding ethmoid air cells that began to approach the median plane 
(former location of the interfrontal suture). On the transplanted frontal bone section, mucosa-lined sinuses began to form in 
paramedian planes around the location of the interfrontal suture, which had obliterated. It is proposed that the bone surround-
ing the interfrontal suture contains pluripotent cells that may assist in both angiogenesis and pneumatization. Honig et al. 
[ 180 ] thus suggest that the frontal sinus has two potential developmental origins. 

 As the shape of the frontal sinus is extremely variable, so too exists a diversity in patterns of drainage into the middle 
meatus, which may alter the functional relationships of its boundaries with the lateral nasal wall [ 181 ]. In a study of 100 adult 
specimens and 15 late-termed fetuses, Kasper [ 99 ] found the most common origin of the frontal sinus to be pits or furrows 

  Fig. 1.39    Frontal cell is visible within the right frontal sinus. There is 
an air-fl uid level within the frontal cell (Courtesy Timothy L. Smith, 
MD, MPH, Medical College of Wisconsin, Milwaukee, Wisconsin)       

  Fig. 1.40    Frontal view of a 3-D CT reconstruction of adult male 
human head (author SM) showing the topographical relationship 
between frontal sinus (seen in  green ) and maxillary sinus (seen in 
 purple ) to the nasal cavity proper (seen in  red ); note the characteristic 
asymmetry in frontal sinus morphology. The maxillary sinus is the 
largest of the four paranasal sinuses exhibited by humans and 
dominates the midfacial architectural space. Sphenoid sinuses are not 
visible in this coronal plane (Courtesy of Samuel Márquez, PhD)       
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originating within the frontal recess which are considered rudimentary anterior ethmoid cells (described previously as frontal 
recess cells). These additional furrows are not to be confused with the previously described furrows that go on to become the 
meatus. Indeed, Kasper [ 99 ] described these nasofrontal structures within the frontal recess as frontal pits due to their “dim-
ple-like” appearance. A lack of clear developmental patterning or constancy in the differentiation of these frontal pits renders 
standardized description of their developmental anatomy challenging. One individual may exhibit as many as four pits or a 
total absence of pit formation. In cases of the latter, the frontal recess remains a simple blind outgrowth from the middle 
meatus without confi guration of its lateral wall. Any number of these variably present pits may further develop into a frontal 
sinus, creating diversity in drainage pattern. For example, the more remote or lateral the location of the pits from the ethmoid 
infundibulum, the more lateral the resulting frontal sinus will become (as well as its communication with the nasal chamber, 
which is infl uenced by the impinging anterior ethmoid cells) [ 99 ]. Various developmental patterns are possible when all four 
pits are present since each pit has the potential to become a frontal sinus [ 96 ]. If the most anterior pit (i.e., pit 1) migrates in 
a ventral direction, it may pneumatize the agger nasi bone becoming an agger nasi cell, while the second most anterior pit (i.e., 
pit 2) may migrate anterosuperiorly becoming the frontal sinus. Thus, the terms agger nasi (i.e., referring to the mound of 
bone) and agger nasi cell (i.e., referring to the pneumatization of the agger nasi bone) are not interchangeable, since each 
represents a distinct anatomical entity. Moreover, a markedly pneumatized agger nasi cell could have potential pathophysio-
logic consequences in frontal sinus drainage [ 117 ]. The relationship between the frontal sinus and its drainage tract to the 
agger nasi cell is shown in Fig.  1.41 . Since the roof of the agger nasi cell is the fl oor of the frontal sinus, and the posterior wall 
of the agger nasi cell is the anterior border of the frontal sinus drainage tract, then a markedly infl ated cell would theoretically 
interrupt its normal drainage and ventilation [ 182 ]. In fact, Brunner et al. [ 183 ] have implicated the agger nasi cell in narrow-
ing the frontal sinus outfl ow tract as a signifi cant cause for the pathogenesis of frontoethmoid sinus pain and chronic frontal 
sinusitis. By the end of the second year of life, one of the anterior ethmoid cells will migrate upward into the frontal bone to 
form the frontal sinus [ 184 ]. Another means of frontal sinus formation results if no anterior ethmoid air cells develop in the 
frontal recess, then ethmoid air cell extension from the ethmoid infundibulum can create a frontal sinus [ 185 ].

      The following is a summary of the possible developmental patterns of the frontal sinus as a result of a direct outgrowth 
from the frontal recess region if no frontal pits are present, from one of the frontal pits within the frontal recess when present, 
and of a direct outgrowth from the ventral portion of the ethmoid infundibulum – either by direct extension or from one of 
its cellular outgrowths [ 96 ]. Lastly, there can be combinations of the possible patterns of development resulting in duplicate 
and even triplicate sinuses on one side alone [ 172 ]. 

 Urken et al. [ 186 ] attempted to evaluate whether an overly “large” frontal sinus may actually be abnormally infl ated based 
on linear and derived area measurements as predictors of its “normal” variation. This led to a follow-up study in which Urken 
et al. [ 187 ] proposed three new categories to delineate the degree of excessive pneumatization based on aeration and bony 
changes of the sinus walls which they termed  hypersinus ,  pneumosinus dilatans , and  pneumocele .   

    Clinical Implications 

 The adult frontal sinus, when viewed in a transverse section, has been classically described as pyramidal shaped [ 131 ]. The 
base or inferior fl oor of the pyramid is the orbital nasal portion of the splanchnocranium, the apex extends outward a variable 

  Fig. 1.41    A two-dimensional CT scan reconstruction showing the 
topographical relationship of the frontal sinus ( FS ) and the agger nasi 
cell ( ANC ). Note that the roof of the ANC forms part of the fl oor 
of the FS. (Courtesy of Steven D. Schaefer, MD)       
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distance over the orbit, and the anterior wall is subcutaneous while the posterior wall is cerebral. Dimensions of the adult 
frontal sinus have been reported as measuring 28 mm in height, 27 mm in width, and 17 mm in length [ 188 ]. This ideal sinus 
is a representative average, with the actual size and confi guration refl ecting the origin of the cavity and the superior develop-
ment into the squama of the frontal bone [ 135 ]. At the inferior aspect in the midsagittal plane, the anterior or outer table of 
the frontal sinus is approximately twice as thick as the posterior or inner table. The sinus is compartmentalized further by the 
intrasinus septa and marginated by irregular bone. The loss of defi nition of the scalloped border, or the intrasinus septa, on 
radiographic imaging indicates chronic infection [ 189 ]. In describing the anatomical relations of the frontal sinus and its 
connection to the nasal cavity, a number of confl icting terms have caused confusion (Fig.  1.42 ). For example, while some 
anatomists have concentrated on the frontal ostium (the “discharge” point), others have concerned themselves with the treat-
ment of frontal sinus disease and the so-called nasofrontal duct [ 190 ] (see clinical implication in Frontal Sinus subsection). 
Historically, the communication of this sinus with the nasal cavity has been described as a distinct nasofrontal duct, although 
others prefer the term frontal recess. The term nasofrontal duct, which is used to describe the communication of the frontal 
sinus through the middle meatus and into the nasal cavity, is anatomically and developmentally incorrect. To confuse the 
issue even further, the terms frontal recess, frontal infundibulum, and nasofrontal duct have also been used interchangeably, 
when in reality they represent different anatomical structures [ 132 ]. Conceptually, drainage of the frontal sinus has been 
likened to an hourglass with the upper portion being the ostium (varying 2–10 mm in diameter) and the frontal recess repre-
senting the lower portion beneath the neck. However, the term frontal recess introduced by Killian [ 127 ] is based on the 
prenatal observation of a space that is the continuation of the ascending branch of the fi rst primary interturbinal furrow, with 
the descending branch becoming the ethmoid infundibulum. As discussed previously, the frontal sinus and the agger nasi 
cells are formed by pneumatization superiorly and anteriorly from the frontal recess region [ 114 ]. Additionally, cells may 
develop in the frontal bone adjacent to the frontal sinus, a phenomena that Zuckerkandl [ 28 ] called the  bulla frontalis . The 
frontal infundibulum was defi ned by Killian [ 191 ] as the superior opening of the frontal sinus drainage tract. Finally, the 
nasofrontal duct as defi ned by Lang [ 137 ] is any mucosal-lined bony passage greater than 3 mm in length. The developmen-
tal variability of the frontal sinus leads to the multiple observed drainage patterns which can be further complicated by the 
highly variable pneumatization of the adjacent ethmoid air cells and by the position of the uncinate process. As an example, 
Lothrop [ 192 ] reported a direct communication between the frontal sinus and ethmoid infundibulum in 47 % of his 125 
cadaver specimens, whereas Van Alyea [ 181 ] reported a 12.5 % incidence in 112 cadavers. This has prompted Stammberger 
[ 114 ] to conclude:

   [I]t is senseless to name every recess or inlet that can be seen endoscopically, particularly when pathologic changes are present. (p. 86) 

  Fig. 1.42    A three- dimensional CT reconstruction of the same 
individual in Fig.  1.40  shown in oblique parasagittal view where 
ethmoid ( es ) and sphenoid air sinuses ( ss ) can be viewed. The  black 
asterisk  indicates the frontal sinus, and the  black arrow  is pointing to 
the piriform aperture rim where just posterior to it is the site of 
attachment of the inferior turbinate (Courtesy of Samuel 
Márquez, PhD)       
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       Clinical Commentary 

 Serial CT scans are necessary to demonstrate the sinus anatomy in order to gain access to the frontal sinus via the nasal cav-
ity. In following air cells superiorly into the frontal sinus, it is important to dissect as far anterior as possible. As previously 
 discussed, the position of the anterior ethmoid artery, by assisting to identify the frontal recess and preventing an intracranial 
injury, forms an extremely important anatomical landmark in frontal sinus surgery. The vessel runs in a bony canal along the 
roof of the ethmoid labyrinth to form the posterior border of the frontal recess. Accordingly, surgery above the level of the 
canal must be anteriorly to enter the frontal sinus. Surgery posteriorly to it would violate the ethmoidal roof resulting in a 
dural injury. 

 Accessing the frontal sinus through the nose may be hazardous because one of the visualized openings may not be the 
primary drainage of the frontal sinus, and violating the fl oor of the anterior cranial fossa may lead to an intracranial injury. 
Moreover, scarring from previous surgery or pathologic conditions can make identifi cation of the frontal recess impossible. 
This may require trephining the frontal sinus and transilluminating its fl oor by placement of a light source in the sinus or 
threading a probe through its ostium into the nasal cavity to guide further surgery. Recently, intraoperative visualization has 

   Table 1.5    Important anatomical relationships and their surgical implications   

 Middle turbinate marks the junction of the roof of nasal cavity and ethmoidal labyrinth 
  Surgery is performed laterally to avoid cribriform plate injury 
 Middle turbinate slopes downward along it posterior course 
  To resect, scissors must be inclined downward; posterior tip of middle turbinate and superior turbinate lie in the plane of the face of the 

sphenoid 
 Middle turbinate resection 
  Superior portion maintained as a landmark; posterior tip may be a source of bleeding and should be electrocauterized 
 The nasolacrimal duct runs downward at the anterior border of the attachment of the middle and inferior turbinates 
  Inferior or middle meatus antrostomies must not be carried too far anteriorly to avoid duct injury 
 The outfl ow tract of the frontal sinus (“nasofrontal duct”) drains into the ethmoid infundibulum or frontal recess cells 
  It cannot be safely enlarged and the frontal sinus entered intranasally in every case 
 The natural ostium of the maxillary sinus is generally present 1–2 cm beyond the anterior attachment of the middle turbinate 
  Dissection anteriorly may injure the nasolacrimal duct; dissection superiorly will penetrate the orbit 
 Fovea ethmoidalis is generally at a higher level than the cribriform plate 
  Thickness, yellow color, and sensitivity of bone are not reliable indicators; the higher the fovea, the weaker its medial wall and the 

more susceptible to fracture and perforation, with intracranial entry 
 Posterior ethmoidal cells may extend behind the sphenoid face 
  Dissection behind may produce optic nerve injury or CSF leak 
 Posterior ethmoidal cells may present superior to sphenoid sinus 
  Dissection may produce CSF leak 
 Developmental abnormalities of anterior ethmoidal cells exist 
  Hypoplasia of the uncinate process may lead to orbital injury on infundibulotomy; hyperplasia of agger nasi cells may block frontal recess 

or impinge on nasolacrimal duct, making it vulnerable to surgical injury 
 Ethmoidal labyrinth is placed superior as well as lateral to the middle turbinate in its posterior aspect 
  Failure to follow cells upward may result in orbital injury 
 Narrow ethmoid variant (the ethmoid may not widen posteriorly in a small number of cases) 
  Lateral dissection in a posterior cell my produce optic nerve injury 
 The lamina papyracea lies superiorly in the plane of the membranous middle meatus 
  Middle meatus antrostomy must be made on the upper border of the inferior turbinate (supraturbinal) to prevent orbital injury 
 Sphenoid ostium lies about 7 cm and 30° from the nares 
  Never blindly perforate into sinus; always cannulate transnasally or transseptally 
 Sphenoid ostium is 8 mm below cribriform plate 
  Dissection superiorly carries the risk of intracranial injury; attempted entry should be medially and inferiorly 
 Sphenoid ostium widening should be performed selectively 
  Superior widening carries the danger of CSF leak; inferior widening carries the danger of sphenopalatine artery injury 
 Sphenoid sinus walls may be dehiscent laterally 
  Instrumentation laterally may cause internal carotid artery injury 
 Sphenoid sinus may be partially encircled by medially displaced internal carotid arteries 
  Dissection or fracture superiorly may cause arterial injury 

  Adapted from Lawson [ 29 ]. With permission from John Wiley & Sons, Inc  
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been aided by CT-guided visualization of the sinus and its outfl ow tract by electromagnetic and infrared navigational devices 
(see Table  1.5  for clinical anatomical concerns).

       Sphenoid Sinus 

    Development and Functional Anatomy 

 The sphenoid sinus is arguably the most variable cuboidal-shaped sinus of all the paranasal sinuses [ 193 ], there being an 
average of six surfaces in the adult: the anterior, posterior, superior, inferior, medial, and lateral walls. However, in addition 
to its functional relationship with the nasal cavity, the sinus is strategically located in one of the more complex regions in all 
of human anatomy by virtue of its location within the sphenoid bone. The endocranial surface of this bone serves as the seat 
for endocrine activity, as a conduit for cranial nerves responsible for vision, ocular movements, nasal mucosal gland stimula-
tion, and nasal sympathetic innervation and as a major vascular supply for the nasal cavity. 

 Growth of the usually paired sphenoid sinus is initiated during the third month of intrauterine development [ 169 ,  193 ] 
while the positions of its main ostia have been noted to undergo growth change as early as the third trimester, when it 
approaches the adult condition [ 194 ]. These two sinuses generally develop asymmetrically where usually one sinus 
encroaches upon and limits the other’s growth to a rudimentary size. The bony partition between the two sinuses has been 
incorrectly termed “median septum.” Congdon [ 195 ] suggested the more appropriate term “intersinus septum” since the 
partition is frequently found more lateral than medial and is the accepted term today. Both complete and partial septation of 
the sinuses is a frequent occurrence since no clear pattern emerged from a number of studies [ 195 ]. The variety of encroach-
ment patterns by the pneumatization of contiguous structures and irregularities of its septa are all considered normal varia-
tion [ 195 ]. In turn, the sphenoid sinuses themselves may be encroached upon by posterior ethmoid air cells (see discussion 
of  Onodi cells  by Onodi [ 196 ]), a pattern more common among East Asians [ 197 ]. Its agenesis is a rarely reported  phenomenon 
(e.g., Orhan et al. [ 198 ]). 

 The sphenoid sinus begins development as an evagination of the nasal mucosa into the posterior portion of the cartilagi-
nous nasal capsule. Van Gilse observed that the inferoposterior expansion forms a pouch-like cavity in the cartilage, the wall 
of which is called the sphenoid conchae or Bertini’s ossicles [ 199 ]. At birth, the pyramidal-shaped paired ossicles, whose 
spines are in contact with the medial pterygoid lamina and whose bases help to form the roof of the nasal cavity, begin to 
ossify. Around the time of birth, the sphenoid sinus is primarily an evagination of the sphenoethmoid recess, with essentially 
no growth until age 3 years. It is not until the third year of postnatal life that the sphenoid conchae become attached to the 
presphenoid and the cavity develops into the defi nitive sphenoid sinus [ 200 ]. After this period, the sinus begins to pneumatize 
the sphenoid bone, and by the seventh year, the sinus extends posteriorly toward the sella turcica [ 201 ]. Based on the prenatal 
development of the sphenoid bone (e.g., the anterior to posterior arrangement of its ossifi cations centers), Congdon [ 195 ] 
classifi ed four types of sphenoid sinus pneumatization patterns: conchal, presphenoid, basisphenoid, and occipitosphenoid 
(i.e., the basilar part of the occipital bone). Based on a sample size of 181 specimens, Congdon [ 195 ] classifi ed 5 % as con-
chal, 4.5 % between conchal and presphenoid types, and 23.5 % presphenoid, and the remaining 67 % included basisphenoid 
and occipitosphenoid types. Different incidences of these types of sphenoidal pneumatization have been reported over the 
years. For example, Hammer and Radberg [ 202 ] found conchal types in 2.5 % of cases, presellar types (presphenoid) in 
11 %, postsellar types (basisphenoid) in 59 %, and mixed types in 27 %. In the most common developmental type, the post-
sellar, the sinus extends posteriorly toward the sella turcica by age 7 years. Development may continue into adulthood involv-
ing the basisphenoid, with arrest in pneumatization accounting for the tremendous variations in the sinus size. Such variations 
may produce recesses formed by the pneumatization of the sphenoid rostrum, the lesser wing of the sphenoid, and the orbital 
processes [ 203 – 205 ]. Pneumatization of contiguous bony structures is frequently observed, commonly affecting pterygoid 
processes in 25–40 % of adults and the anterior clinoid processes in 13 % [ 162 ]. Donald [ 109 ] reported the occurrence of a 
septal recess, sometimes called a sphenovomerine bulla, which is pneumatization of the vomer. The tendency to pneumatize 
contiguous bony structures is not restricted to human development since it is also seen in our own CT-based investigations 
of African great ape sinus anatomy (Fig.  1.43 ) [ 206 ].

   The average adult sinus measures 20 mm in height, 23 mm in length, and 17 mm in width [ 41 ]. The volume varies from 
0.1 to 30 ml, with the average ranging from 5 to 7.5 ml [ 41 ,  176 ]. As the sinus expands, vessels and nerves in the lateral 
aspect of the body of the sphenoid bone come to lie as indentations in the wall of the sinus. Thus, Van Alyea [ 126 ] found 
a projection of the internal carotid artery into the lateral sinus wall in 65 specimens ( n  = 100) and the projection being pro-
nounced in 53 of them (Figs.  1.36 ,  1.44 ,  1.45 , and  1.46 ). Based on a study of 1,600 skulls, Dixon [ 193 ] found that the optic 
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nerve was present as an indentation in the sinus wall in 8 % of the specimens and the Vidian nerve in 7 % (Figs.  1.36 ,  1.46 , 
and  1.47 ). The Vidian nerve may be observed clinically to sit within the sinus entirely displaced from the inferior sinus wall. 
Dixon also reported that 22 % of the skulls had an intrasinus septum with dehiscence of the septum observed in only fi ve 
specimens. The primary septum was found in the midline in only one quarter of the subjects. More often than not the septum 
grows asymmetrically with most of the bony wall coursing to one side, sometimes exhibiting an “S” or “C” shape. Equally 
important is the thinning of the superior wall, which may separate the sinus from the dura by only 1 mm [ 118 ]. Dehiscence 
of the sella fl oor is very rare [ 10 ], and dehiscence of the lateral wall over the internal carotid artery is also uncommon, but 
the potential minimal bony covering of this vessel is a clinically important factor to consider (Fig.  1.48 ).

            Clinical Implications 

 The sphenoid sinus usually drains by a single ostium into the sphenoethmoid recess though it may also sometimes drain 
into the nasopharynx or posterior ethmoid cells via accessory channels [ 207 ]. This ostium, in the clinical setting, is 

  Fig. 1.43    ( a ) An axial scan of an adult gorilla showing the sphenoid sinus (shown in the  yellow dot ) invading and pneumatizing the pterygoid 
plates shown by the  yellow arrows . ( b ) An axial scan of a subadult orangutan showing what appears to be a sphenoid sinus but is actually the maxil-
lary sinus invading the sphenoid bone. ( c ) An adult orangutan showing the clearly patent communication between the left maxillary sinus and the 
evacuated sphenoid bone shown in  yellow ,  red arrow  illustrating the path of the right MS in its encroachment into the sphenoid bone (Courtesy of 
Samuel Márquez, PhD)       
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  Fig. 1.44    ( a ) Parasagittal section through the sphenoid and posterior ethmoid sinuses. The lateral wall of these sinuses has been removed to 
expose the cavernous sinus and optic nerve. ( b ) The proximity of the optic nerve and internal carotid artery to the lateral wall of the sphenoid and 
posterior ethmoid sinuses is illustrated (Courtesy of Steven D. Schaefer, MD)       
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  Fig. 1.45    ( a ) Anterior surface of coronal section contiguous with the section in ( c ). Level of the posterior sphenoid sinus. ( b ) Drawing of (a). The 
drawing emphasizes the close relationship of the sphenoid sinus to the important neurovascular structures. ( c ) Plain fi lm radiograph specimen in 
(a). The  arrow  points to the internal carotid (Courtesy of Steven D. Schaefer, MD)       

  Fig. 1.46    Lateral wall of left sphenoid sinus visualized with a 25° 
endoscope. Optic nerve ( A ) is horizontally crossing internal carotid 
artery ( B ) (Courtesy of Steven D. Schaefer, MD)       
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2–3 mm in diameter and may be either round or elliptical [ 41 ,  176 ]. The sinus depends on mucociliary fl ow for drainage 
since the ostium is located typically 10–15 mm superior to the fl oor of the sinus or 8 mm from the cribriform plate (range 
1–15 mm) and 5 mm lateral to the nasal septum [ 176 ]. Our own experience suggests that in most cases the ostium tends to 
be observed more inferior than superior to the average location and generally lies at a 30° angle from the fl oor of the nose. 
The pneumatization of the posterior aspect of the middle turbinate may make visualization of this ostium diffi cult. Because 
of the importance of such identifi cation in surgery, various measurements have been reported (Figs.  1.31  and  1.34 , 
Table  1.6 ).

   Of the many sinus surgical procedures done today, the sphenoethmoidectomy operation is considered one of the more 
complex. Schaefer [ 19 ] reminds us of the comments offered by the surgeon Harris Mosher, who although was referring to 
an ethmoidectomy procedure could also be applied here: “one of the easiest operations with which to kill a patient.” The 
sphenoethmoidectomy operation to be performed safely and effectively is based on the detailed anatomy of the paranasal 
sinuses. When surgical procedures were performed during the early twentieth century, they usually involved an external 
approach. Even though the intranasal sphenoethmoidectomy operation was fi rst reported by Yankauer [ 208 ] at the Mount 
Sinai Hospital, the inherent danger of this procedure resulted in very little endonasal sinus surgery being performed until the 
1986 introduction of the endoscope to the USA from Europe, where it had already been in use for over a decade. With the 
advent of more sophisticated cross-sectional imaging techniques and refi nements in instrumentation, the sphenoethmoidec-
tomy operation is considered a valuable procedure for surgeons well grounded in the intricate anatomy of the nose and 
paranasal sinuses.  
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  Fig. 1.47    ( a ) Anterior surface of coronal section contiguous with the specimen in (c) or at a plane adjacent to the dorsal aspect of the anterior wall 
of the sphenoid sinus. ( b ) Diagram of (a) shows the close proximity of the optic nerve to the sphenoid sinus. Inferior to the sphenoid is the posterior 
choana. ( c ) Posterior surface of the specimen in (a), which encompasses the principal cavity of the sphenoid sinus and the pituitary gland (Courtesy 
of Steven D. Schaefer, MD)       
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  Fig. 1.48    ( a ) A 71-year-old male patient presents his chief complaint as diplopia (double vision) and is suspected of having a sixth nerve palsy. 
Here, the patient is asked to look to his right and is unable to abduct his right eye. ( b ) This axial MR scan reveals a tumor in his sphenoid sinus 
encroaching upon his right cavernous sinus. ( c ) The tumor can be clearly seen, in the coronal plane, substantially invading the cavernous sinus 
causing a right abducent    nerve impairment (Courtesy of Mr. Andrew C. Swift, ChM, FRCS, FRCSEd, Consultant ENT Surgeon and Rhinologist, 
Aintree University Hospital, Liverpool, England)       

   Table 1.6    Morphometrics of sphenoid sinus anatomy   

 Distance from anterior nasal spine  Distance from anterior nasal rim 

 Sphenoid ostium  7 cm  – 
 Pituitary fossa  8.5 cm  – 
 Inferior face of sphenoid  –  5.7 cm 
 Posterior wall of sphenoid sinus  –  7.6 cm 

 Dixon [ 193 ] in living subjects  Mosher [ 130 ] in cadavers 
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    Conclusions 

 Knowledge of paranasal sinus anatomy was of critical importance to surgeons in the pre-antibiotic era. Surgical drainage was 
the most common treatment for relief of the symptoms of infection and prevention of the complications of orbital and intra-
cranial suppuration – which were generally fatal as well as acute and chronic osteomyelitis. External procedures were 
employed because of diffi culties in visualizing and conceptualizing the sinuses intranasally. With technological advances in 
radiological imaging and the development of innovative instrumentation, there was a resurgence of interest in endonasal 
sinus surgery. Multiplanar CT and MR imaging now provide three-dimensional reconstruction of sinus anatomy that permit 
accurate assessment of infl ammatory disease and often its differentiation from neoplastic processes. Understanding of sinus 
morphology through anatomical dissections and radiological imaging has advanced endonasal sinus surgery from speculum 
rhinoscopy to endoscopic skull base and intracranial surgery. Nevertheless, while the benefi ts of the new technologies are 
many, the complexity of sinus morphology requires that regional surgeons be masters of anatomy, with considerable surgical 
experience to ensure excellent outcomes and minimal morbidity. Indeed, the only aspect of sinus surgery that remains 
unchanged is a constant striving to better understand the intricate nature of these special spaces. Mastery of sinus anatomy 
continues to be indispensable for proper and safe sinus surgery.     
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    Chapter 2   
 Physiology and Host Immune Responses of the Nose and Sinuses 

             Jonathan     A.     Bernstein       and     Andrew     M.     Smith     

           Introduction 

 The nose and converging structures have several critical functions that are often trivialized until symptoms persist and inter-
fere with the patient’s daily activities. The nose is the body’s heating, ventilation, and air conditioning (HVAC) system, as it 
humidifi es, fi lters, and conditions air. These functions thereby protect the lungs from an infl ux of aeroallergens, air particu-
lates, and other potentially deleterious air pollutants. The nose is the conduit for several important structures, including the 
paranasal sinuses and lacrimal duct. When nasal infl ammation occurs, these small structures can become obstructed leading 
to a spectrum of clinical symptoms such as nasal congestion, postnasal drainage, sinus pressure or pain, headache, and ocular 
lacrimation and itching. In addition, the Eustachian tube also drains into the posterior pharynx. With allergic and/or nonal-
lergic rhinitis, it is not unusual for patients to complain of ear plugging, popping, or pain consistent with Eustachian tube 
dysfunction. Although intact anatomic structures are essential for the normal functioning of the nose and sinuses, invisible 
structures buried within the nasal mucosa are equally if not more important for protecting the host from the external environ-
ment. This chapter will review the gross and microscopic anatomic and physiologic processes that are essential for normal 
functioning of the upper respiratory tract.  

    Phylogeny and Ontogeny of the Nose and Sinuses 

 The nose and sinuses are considered one organ even though phylogenetically the nose is primarily an olfactory organ, 
whereas the sinuses are speculated to have evolved as aids to facial growth and structure [ 1 ]. Interestingly although the 
ethmoid sinuses have been considered as part of the paranasal sinuses, the ethmoid bone is actually derived from the carti-
laginous nasal capsule, and its main role may have been to protect the olfactory nose [ 1 ,  2 ]. In humans, the ethmoid laby-
rinth derived from the olfactory labyrinth contains only a very small amount of olfactory mucosa compared to other animal 
species, which have a much greater dependence on olfaction for their survival. This reduced need for olfaction led to retrac-
tion of the nose posteriorly and migration of the orbits anteriorly. These changes resulted in the disconnection of the frontal 
sinuses from the maxillary sinuses and the repositioning of the ethmoid bone between the paranasal sinuses [ 1 ]. The eth-
moid bone is considered the most highly conserved region in the skull. Unlike the other paranasal sinuses, the ethmoid 
sinuses do not have defi ned walls or a well-defi ned ostium. They therefore do not meet the criteria of what constitutes a true 
sinus cavity [ 2 ,  3 ]. 

        J.  A.   Bernstein ,  MD      (*) 
  Division of Immunology, Department of Internal Medicine, Allergy Section ,  University of Cincinnati ,   3255 Eden Ave ML#563 Suite 350 , 
 Cincinnati ,  OH ,  USA   
 e-mail: jonathan.bernstein@uc.edu   

    A.  M.   Smith ,  MD, MS      
  Division of Immunology, Allergy, and Rheumatology ,  Cincinnati VA Medical Center, University of Cincinnati ,   3255 Eden Ave., ML#563 , 
 Cincinnati ,  OH ,  USA   
 e-mail: andrew.smith@uc.edu  

mailto:jonathan.bernstein@uc.edu
mailto:andrew.smith@uc.edu


46

 In humans, the olfactory nose develops during week 5 of gestation on the frontal nasal process [ 1 ,  4 ]. By the end of week 
6, these structures invaginate to form nasal pits which fuse posteriorly to form a nasal sac separated from the oral cavity by 
the nasal fi n [ 1 ,  4 ]. During week 7, the nasal fi n thins to form the oronasal membrane, which then ruptures to form an opening 
with the oral cavity referred to as the “primitive choanae” [ 1 ,  4 ]. The fl oor of the nasal fossa subsequently becomes the pri-
mary palate [ 1 ,  4 ]. By 6.5 weeks, the cartilaginous nasal capsule develops in connection with the olfactory structures and 
with the breakdown of the oronasal membrane forms a characteristic “m” shape. This is considered the beginning of the 
development of the paranasal sinuses [ 1 ,  4 ]. By weeks 9 and 10 of embryogenesis, six major furrows separated by ridges 
develop that are called the ethmoturbinals. The fi rst ethmoturbinal regresses, leaving as its remnant the uncinate process [ 1 , 
 4 ]. The second and third ethmoturbinals develop into the middle and superior turbinates, respectively, whereas the supreme 
turbinate develops from the fourth and fi fth ethmoturbinals [ 1 ,  4 ]. The middle meatus and the hiatus semilunaris evolve from 
the fi rst primary furrow, the superior meatus from the second furrow, and the supreme meatus from the third furrow [ 1 ,  4 ]. 

 The paranasal sinuses develop after birth. The maxillary, frontal, and sphenoid sinuses evolve from epithelial diverticula 
that expand from the cartilaginous nasal capsule and become pneumatized [ 1 ,  2 ]. The maxillary sinuses are present at birth 
and expand throughout childhood. The sphenoid sinuses do not appear until 5 months after birth and then continue to develop 
throughout childhood [ 1 ,  5 ]. The last to develop are the frontal sinuses, which do not appear until 5–6 years of age and then 
continue to expand through adolescence [ 1 ,  5 ]. The frontal sinuses are believed to primarily assist in facial growth and archi-
tecture [ 1 ,  5 ]. The sizes of the paranasal sinuses vary due to the unpredictable development of the paranasal recesses [ 1 ,  5 ].  

    Anatomy of the Nose and Sinuses 

    External Nose 

 The nose and paranasal sinus complex are the result of fusion of the respiratory nose, the olfactory nose (including the eth-
moidal labyrinths and olfactory clefts), and the paranasal sinuses [ 1 ]. The external nose is comprised of two nasal bones 
superiorly and two sets of paired cartilage inferiorly [ 6 ]. The respiratory nose is considered a channel. Its inferior wall is the 
fl oor of the nasal fossa; the superior wall is comprised of the roof of the rhinopharynx, the inferior edge of the middle turbi-
nate, the tip of the nasal valve, and the vestibule; the lateral wall is made up of the turbinate wall of the maxillary sinus 
whereas the medial wall is the nasal septum [ 1 ]. The respiratory nose is comprised of the nasal vestibule, nasal valve, nasal 
chamber, and choanae [ 1 ]. 

 The olfactory nose is comprised of two medial olfactory clefts and two lateral ethmoid labyrinths [ 1 ]. The human olfac-
tory mucosa is limited to the olfactory clefts, but its exact distribution has not been well defi ned [ 1 ,  7 – 9 ]. The ethmoid laby-
rinth, which is devoid of olfactory mucosa, is divided from the olfactory cleft by the turbinate wall of the ethmoid labyrinth 
(TWEL) [ 1 ,  10 ]. The TWEL is comprised of turbinates, which traverse the entire ethmoid labyrinth and extend laterally to 
the lamina papyracea and superiorly to the lamina cribrosa (Fig.  2.1 ) [ 1 ,  10 ]. They are divided by air spaces that are further 
separated by small transverse septa that form the ethmoidal cells [ 1 ,  10 ]. The olfactory cleft is the narrow air space located 
below the olfactory groove, medial to the ethmoid labyrinth and lateral to the nasal septum (Fig.  2.1 ) [ 1 ]. The olfactory epi-
thelium is limited to the upper part of the olfactory cleft which is further divided into an upper chamber called the olfactory 
fossa, which is the sensory cavity and the lower chamber which is called the olfactory vestibule [ 1 ]. Airfl ow is very slow 
through the olfactory cleft, which allows greater time to facilitate olfactory sensing [ 1 ,  11 ,  12 ].

   Finally, the paranasal sinuses include the frontal, maxillary, and sphenoid sinuses. These are hollow, air-fi lled cavities, 
lined by thin respiratory mucosa with minimal to no glands or vascularization [ 1 ]. The only contact with the external environ-
ment is through the ostia [ 1 ]. The air composition in the sinuses remains relatively stable (17.5 % O 2 , 2.2 % CO 2 , 100 % rela-
tive humidity, and 34 ºC) with air exchange occurring between the nose and sinuses likely secondary to passive diffusion [ 1 ].  

    Vestibule 

 The vestibule is the most important structure of the nose for sensing nasal airfl ow. It is lined with stratifi ed squamous epithe-
lium, which transitions to pseudostratifi ed columnar epithelium (Fig.  2.2 ) [ 6 ]. Vibrissae are thick hairs without piloerector 
muscles in the vestibule that fi lter out large particles [ 6 ]. Anterior nasal glands are present at the junction of the squamous 
and pseudostratifi ed epithelial junction that secrete serous secretions which are atomized with sniffi ng [ 6 ]. In addition, the 
vestibule also contains thermoreceptors that cause decreased nasal resistance after inspiration of warm air and increased 
nasal resistance after inspiration of cold air [ 6 ,  13 ,  14 ].
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       Nasal Valve and Airfl ow 

 The nasal valve, located behind the nasal vestibule, has a cross-sectional area of 40 mm 2  which increases to 150 mm 2  in the 
nasal cavity (Fig.  2.2 ). Contraction of the dilator naris muscle leads to increased nasal airfl ow, manifested as nasal fl aring [ 6 , 
 15 ,  16 ]. The nasal valve is responsible for 50–75 % of inspired airfl ow resistance to the pulmonary alveoli [ 6 ,  17 ]. Airfl ow 
through the nasal valve is fastest as it streams through the middle turbinate (18 m/s) and slows signifi cantly as it passes into 
the main part of the nasal cavity (2–3 m/s) [ 6 ,  15 ]. The slower airfl ow in the nasal cavity allows for maximal contact with the 
warmer nasal mucosa, which allows the ambient air to be warmed to 34 ºC at resting rates of respiration. The greatest 
increase in temperature occurs anteriorly in the nasal valve [ 6 ,  18 ]. Relative humidity reaches 100 % in the nasopharynx. 

 Expiration lasts longer than inspiration and airfl ow is less laminar. Not surprisingly, the lowest temperatures are measured 
at the end of inspiration, whereas the highest mucosal temperature is at the end of expiration [ 6 ,  19 ]. Expiratory air cooling 
occurs primarily in the region of the inferior and middle turbinates [ 20 ]. 

 Large volumes of airfl ow up to 30 L/min occur through the nose, but if larger volumes are necessary, then mouth breathing 
occurs. However, this can lead to signifi cant loss of water and humidity [ 6 ,  21 – 23 ]. Physical exercise is the most common 
cause for increased nasal airfl ow [ 21 ,  22 ]. While sleeping, nasal airfl ow causes breathing to increase more in the nose com-
pared to the mouth. Nasal obstruction can lead to abnormal breathing patterns, such as obstructive sleep apnea [ 24 ]. Several 
structural defects, such as septal deviation, enlarged turbinates, and adenoid hypertrophy, can impede nasal airfl ow which 
can lead to increased pulmonary resistance. 
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 Normal individuals have relatively constant nasal airway resistance with alternating airfl ow in each nasal cavity known as 
the nasal cycle. The nasal cycle is regulated by the sympathetic nervous system as cervical sympathetic blockades extinguish 
this sequence [ 25 ]. The nasal cycle’s pacemaker is believed to be located in the suprachiasmatic nucleus of the hypothalamus 
[ 6 ,  26 ]. Alternating airfl ow is the result of increased blood fl ow to the turbinates and septal tuberculum [ 6 ]. Typically, the 
nasal cycle goes unnoticed if the nasal cavity remains unobstructed, but can become quite apparent with the advent of nasal 
swelling from structural, infectious, or allergic problems [ 6 ,  27 ].  

    Nasal Septum and Turbinates 

 The nasal septum divides the nose into two cavities, thereby increasing the total mucosal surface in the nose (Fig.  2.1 ) [ 6 ]. 
The anterior tip of the septum is comprised of cartilage. The posterior bony section of the nose is made up of the vomer and 
the perpendicular ethmoid plate [ 6 ]. It is estimated that 90 % of the general public has a septal deviation to some degree or 
another; a straight septum is twice as common in women compared to men. Small anterior abnormalities can compromise 
nasal airfl ow much more dramatically than larger defects in the posterior cavity [ 6 ]. 

 The turbinates emanate from the lateral nasal wall (Fig.  2.3 ). The inferior and middle turbinates are considered to be the 
functionally most important part of the nose [ 6 ]. Turbinates are comprised of a bony frame covered with respiratory epithe-
lium [ 6 ]. The inferior turbinate plays an important role in protecting the lungs from the external environment and maintaining 
the normal physiology of the nose. In addition, several key structures empty under the middle and inferior turbinates. The 
lacrimal duct empties underneath the inferior turbinate. The anterior ethmoids, maxillary and frontal sinus ostia empty 
underneath the middle turbinate. Disruption of the middle and inferior turbinates, such as partial turbinectomies, can signifi -
cantly impair their protective role [ 6 ].

       Histology of the Nose and Sinuses 

 The nasal mucosa is lined with pseudostratifi ed columnar epithelium, which contains mucosal secreting goblet cells and cili-
ated and nonciliated columnar cells with microvilli and scattered mast cells, eosinophils, neutrophils, and lymphocytes 
(Fig.  2.4 ) [ 6 ,  28 ]. Ciliated epithelium lines most of the airway from the nose to the respiratory bronchioles as well as the 
paranasal sinuses, Eustachian tube, and portions of the middle ear [ 6 ]. Cilia play an important role in mucous transport and 
are composed of a shaft (axoneme) made up of microtubules arranged as nine doublets surrounding two central singlets [ 29 ]. 
Each doublet has two dynein arms containing ATPase, which fuels their motion [ 6 ,  29 ].

   Goblet cells are arranged perpendicularly to the epithelial surface and are important for secreting a mucosal blanket that 
protects the nose. The density of goblet cells increases from infancy to childhood. In adults, goblet cells are not found in the 
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  Fig. 2.3    Lateral wall of the nasal cavity illustrating turbinates        
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squamous, transitional, or olfactory epithelia but are present in all areas of the pseudostratifi ed columnar epithelium [ 6 ,  29 ]. 
There is a greater density of goblet cells in the inferior turbinate compared to the middle turbinate and septum. The density 
of goblet cells in these areas increases from anterior to posterior and inferior to superior. The mucosal barrier produced by 
goblet mucus-secreting cells provides an important protective layer composed of IgA and other mediators that protect the 
nose from infection and other external insults [ 30 ]. Columnar cells are covered by hundreds of microvilli that are distributed 
over the entire apical surface epithelium [ 6 ,  30 ]. They promote exchange processes across the epithelium. The microvilli are 
important for retaining moisture, which is important for ciliary function. Basal cells are important for providing adhesion 
between cells and anchoring columnar cells to the basement membrane [ 6 ]. Previously, studies have reported that basal cells 
may actually be progenitors for goblet cells, but this has not been reproduced by other investigators and is considered 
speculative. 

 The basement membrane separates the epithelium from the lamina propria. The submucosa is comprised of nerves, blood 
vessels, and glands. The glands in the submucosa produce the greatest amount of nasal secretions. The nasal mucosa does 
not contain lymphoid aggregates, and therefore, lymphocytes migrate to the nasal mucosa via the blood through tonsillar 
lymphoid tissue [ 6 ]. There are three types of submucosal nasal glands: (1) the anterior serous glands, (2) the seromucinous 
glands, and (3) the Bowman’s glands   . The anterior glands are important for moisturizing the nasal mucosa. The seromuci-
nous glands produce the greatest amount of mucus in the nose. Bowman glands are serous glands located in the olfactory 
region, important for aiding in smell [ 6 ].  

    Mucociliary Clearance 

 Mucociliary transport is a physiologic mechanism of the nose important for clearing secretions and unwanted particulates. 
The mucus blanket is composed of secretions from goblet cells and submucosal glands. The mucus layer consists of a sol 
phase which is a watery periciliary layer and a gel phase which is closest to air (Fig.  2.5 ) [ 6 ]. Particles greater than 3 um are 
fi ltered primarily in the nasal valve region. Smaller particles between 0.5 and 3 um are fi ltered by the nasal mucosa and 
transported to the nasopharynx by ciliary fl ow [ 6 ]. Intranasal particle deposition occurs during inspiration and expiration 
[ 31 ]. The mucus blanket is also the fi rst line of defense against bacterial and viral infections, largely due to the protective 
effect of IgA which is the major immunoglobulin in nasal secretions [ 30 ,  32 ]. IgA assists in preventing microorganisms from 
adhering to the nasal mucosa [ 6 ,  30 ]. Finally, the mucus blanket provides water for humidifi cation [ 6 ,  30 ]. Daily mucus 
production is approximately 1 liter per day. The gel-like properties of mucus are due to being comprised of high molecular 
weight glycoproteins named mucin, which is composed of 80–90 % carbohydrate, 20 % protein, and 1–2 % sulfate bound to 
oligosaccharide side chains, to which water binds to form a matrix that lubricates the mucosa [ 32 ]. Mucin genes encode the 
protein backbones of mucins [ 33 ]. More than 16 are found to be expressed in the respiratory tract, but MUC5AC, MUC5B, 
and MUC2 appear to be the most important gel-forming mucins secreted in the airway [ 33 ]. Other components of mucus 
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  Fig. 2.4    Lateral    wall of nose with letters representing histology at 
specifi c locations.  A  skin in nostril,  B  squamous epithelium without 
microvilli,  C  transitional epithelium with short microvilli, 
 D  pseudostratifi ed columnar epithelium with few ciliated cells, 
 E  pseudostratifi ed columnar epithelium with ciliated cells       
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include IgG, IgE, albumin, bacteria, lactoferrin, lysozyme, ions, and cellular debris [ 6 ,  30 ]. Mucus moves posteriorly to the 
nasopharynx, except in the area anterior to the inferior turbinate where transport is anterior [ 6 ]. This transport mechanism 
can clear inhaled particles from the nasal cavity in 10–20 min. Mucociliary transport is increased with nasal irrigation. 
Clearance of secretions is also enhanced by nasal sniffi ng, sneezing, and nose blowing [ 6 ].

   Cilia are all oriented in a similar direction and have a two-stroke pattern. The effector stroke is important for moving 
mucus. The recovery stroke is when the cilia bend and move in the watery sol phase [ 6 ]. Although patients with chronic 
rhinosinusitis are believed not to have differences in ciliary beat frequency compared to healthy individuals, they do have 
decreased numbers of ciliated cells and more ciliary disorganization and microtubular abnormalities [ 6 ]. Temperatures lower 
than 32 °C and higher than 40 °C can lead to decreased ciliary beating. Preservatives in nose sprays, such as benzalkonium 
chloride, can decrease mucociliary transport and cause ciliastasis [ 6 ,  34 – 36 ]. A number of structural problems in the nose, 
viral and bacterial infections, and genetic disorders such as cystic fi brosis and immotile cilia syndrome all have impaired 
mucociliary transport mechanisms leading to increased viscosity of secretions [ 6 ].  

    Vasculature 

 The nasal cavity blood supply comes from the internal and external carotid arteries. Branches of the internal carotid include 
the anterior and posterior ethmoid arteries and the ophthalmic artery. The sphenopalatine artery is a branch of the external 
carotid [ 6 ]. These vessels converge with branches of the facial artery and form a large triangle in the septum, which is the 
most common site of epistaxis in the nose [ 6 ,  37 ]. Veins run next to the arteries and empty into the pterygoid and ophthal-
mic venous plexi. Some drainage from veins occurs into the cavernous sinus, which can be a potential route for a spread of 
infection [ 6 ]. Arterial branches from the perichondral and periosteal arteries supply the subepithelial and glandular zones. 
These arteries move forward to the surface, branching off to form a cavernous plexi and ultimately a network of fenestrate 
capillaries in the subepithelium. These fenestrate capillaries are believed to be an important source of fl uid for humidifi ca-
tion [ 6 ]. 

 Nasal airfl ow is regulated by alteration in blood fl ow to the turbinates and septum. Nasal congestion manifests as the result 
of changes in vascular tone, which leads to vascular engorgement in the sinusoids [ 6 ]. Vascular tone is regulated by receptors 
on blood vessels. When stimulated, the alpha-adrenoceptors cause vasoconstriction; specifi cally α-2-adrenoceptors are 
important for contracting nasal veins whereas the α-1-adrenoceptors cause constriction of nasal arteries [ 6 ]. A blockade of 
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  Fig. 2.5    Phases of the nasal airway mucus layer.  1  Gel phase,  2  sol phase,  3  basement membrane,  4  cilia,  5  submucosal layer       
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cholinergic receptors results in drying nasal secretions. Histamine release, usually from mast cells and basophils in atopic 
individuals, leads to increase vascular permeability, glandular secretions, sneezing, and itching [ 6 ]. Blocking of H1, H2,and 
H3 receptors can lead to decreases in symptoms related to these physiologic changes [ 6 ].  

    Lymphatics 

 Lymphatic vessels in the nose drain to the external nose and along facial vessels to the submandibular lymph nodes. In 
contrast, lymphatics of the nasal fossae drain toward the nasopharynx [ 6 ]. Lymphadenopathy associated with rhinosinusitis 
is rare because the nasal-draining lymph nodes are buried deep along the vertebral bodies and cannot be palpated [ 6 ]. 
Lymphatic drainage in the maxillary sinus is unique in that it drains through the ostia as well as across the sinus wall 
through bony gaps [ 6 ,  38 ].  

    Nervous System 

 Sensory innervation of the nose involves the olfactory, ophthalmic, and maxillary branches of the trigeminal nerve [ 6 ]. 
Depolarized nociceptive C fi bers release neuropeptides, including substance P, neurokinin A, and calcitonin gene-related 
peptide. These neuropeptides are potent vasodilators, resulting in increased vascular permeability [ 6 ,  39 ,  40 ]. Regulation of 
neurogenic infl ammation occurs in part through chemoreceptors like transient response potential ion channels. These cal-
cium ion channels are co-localized with other receptors like bradykinin-2-receptor, 5-lipoxygenase, and toll-like receptors. 
The complex interaction of these co-localized receptors can further enhance the parasympathetic response and down- 
modulate the sympathetic response, resulting in the physiologic responses observed in patients with allergic and nonallergic 
rhinitis [ 41 ,  42 ]. 

 Sensory nerves regulate several nasal refl exes. The nasonasal refl ex occurs when one side of the nasal cavity is stimu-
lated, leading to bilateral efferent refl exes that can be observed in the contralateral nostril [ 43 ,  44 ]. The nasal ocular refl ex 
occurs after chemical or mechanical stimulation of the nasal mucosa resulting in lacrimation [ 43 ]. The submersion refl ex 
occurs when there is mucosal irritation, manifested as apnea, glottis closure, bradycardia, and vasoconstriction. The purpose 
of this refl ex is to protect the heart and brain by the redistribution of blood to these organs [ 6 ]. Cooling of the skin causes 
nasal vasoconstriction, whereas heating of the skin causes an increase in nasal temperature [ 6 ,  45 ]. Finally, a nasobronchial 
refl ex has also been described; irritation of the nasal mucosa has been demonstrated to increase lower airway hyperrespon-
siveness [ 6 ]. Treatment of upper airway infl ammation has been shown to decrease lower respiratory tract airway hyperre-
sponsiveness [ 46 ]. However, the defi nitive mechanism of this neurogenic refl ex connecting the upper and lower respiratory 
tracts remains elusive. 

 The parasympathetic nerve supply originates in the midbrain and travels with fi bers of the seventh cranial nerve. After 
synapsing in the sphenopalatine ganglion, they are distributed to mucosal and submucosal branches [ 6 ]. Postganglionic 
branches contain acetylcholine and neuropeptides, including vasoactive intestinal peptide and secretoneurin [ 6 ,  47 ]. 
Parasympathetic nerve stimulation causes glandular secretion and vasodilation [ 6 ,  48 ]. 

 The sympathetic nerve supply originates in the hypothalamus. They synapse with the superior cervical ganglion and travel 
to the carotid plexus to join the parasympathetic fi bers from the seventh cranial nerve to form the vidian nerve [ 6 ]. The sym-
pathetic fi bers do not synapse in the sphenopalatine ganglion [ 6 ]. Sympathetic responses are mediated by adrenoceptors 
stimulated by norepinephrine and neuropeptide Y [ 6 ,  49 ]. Stimulation of the sympathetic nervous system leads to vasocon-
striction, resulting in decreased nasal airway resistance [ 6 ]. 

 The olfactory epithelium is covered by a layer of mucus rich in immunoglobulins, lactoferrin, and lysozyme that protect 
against infection [ 6 ,  50 ]. The olfactory and trigeminal systems interact to inhibit or activate one another [ 6 ]. The fi eld of 
 olfaction  has dramatically grown with the discovery of a superfamily of approximately 1,000 odorant receptor (OR) genes, 
located in multiple clusters on all but two of the 24 human chromosomes [ 51 ]. These  OR  gene clusters comprise 17 gene 
families, four of which contain greater than 100 genes each [ 51 ,  52 ]. It has been estimated that the  OR  gene superfamily 
comprises 1–3 % of the entire genomic complement of genes. It is likely to be the largest gene superfamily in the genome of 
any species [ 52 ]. The OR genes are members of the 7-transmembrane domain G-protein-coupled receptor (GPCR) super-
family [ 52 ]. In situ hybridization studies indicate that each  OR  gene is expressed in approximately 1 out of every 1,000 
olfactory epithelial (OE) neurons, suggesting that each OE neuron expresses only one OR gene [ 53 ]. Interestingly, 63 % of 
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human OR genes are nonfunctional pseudo-genes, which increase the likelihood for the presence of OR genetic polymor-
phisms [ 51 ,  53 ]. 

 Odorant-binding proteins help transport odorant molecules through hydrophilic mucus to the olfactory epithelium where 
they can bind to OR [ 52 ]. This binding sends an impulse through axons that pass through the cribriform plate and into the 
CNS to synapse with the olfactory bulb [ 52 ]. Neuronal projections travel from the olfactory bulb to a number of regions in 
the brain important for olfactory sensory processing [ 6 ]. Not surprising, olfaction is not as well developed in humans as it is 
in animals who depend on smell for survival [ 6 ]. In humans, the estimated percent of blood fl ow to the olfactory region is 
10 %. Olfaction can be impaired by a number of conditions, including allergic and nonallergic rhinitis, nasal polyposis, viral 
infections, vitamin A or thiamin defi ciency, or other structural abnormalities resulting from developmental disorders, malig-
nancy, or trauma [ 6 ]. Recently, loss of olfaction has been demonstrated to be an early diagnostic indicator for the onset of 
Parkinson’s and Alzheimer’s disease [ 54 ].   

    Innate Immune Responses in the Nose 

 The nasopharynx is colonized with normal fl ora that act as commensal organisms to prevent colonization of the host with 
more pathogenic organisms, thereby preventing disease [ 55 ]. Gram-positive organisms, including  Streptococci viridians , 
 Staphylococcus epidermidis and aureus , and  Corynebacterium , and gram-negative organisms, such as  Moraxella  and 
 Haemophilus  ( infl uenza and parainfl uenza ), can be found in the nasopharynx with some regularity in normal hosts [ 55 ]. 
Colonization of these organisms varies with age [ 55 ]. For example, children less than 2 years of age harbor the above organ-
isms more commonly than adolescent-aged children. In contrast, the paranasal sinuses are considered sterile cavities that are 
protected by anatomic and local mucosal defense mechanisms. These low virulent organisms can paradoxically cause dis-
ease when local protective innate immune responses become impaired [ 55 ]. 

 There are several natural protective mechanisms in the nose that are part of the innate immune response. Because the nasal 
epithelium provides a weak protective barrier, innate immunity plays a very important role to prevent infection and other 
pathologic infl ammatory responses [ 30 ]. The nasal mucus acts as a protective barrier against the invasion of microorganisms 
and injury by toxic agents. Mucociliary transport is an essential fi rst line of defense for elimination of microorganisms [ 30 ]. 
Alterations of the viscoelastic properties of the nasal mucous lead to stasis and abnormal mucociliary clearance, increasing 
the risk of infection [ 30 ,  56 ]. 

 In addition, nasal secretions are rich in lysozyme, which has potent anti-bactericidal or bacteriostatic activity against some 
gram-positive bacteria and enhances lytic activity of antibody-activated complement on some gram-negative bacteria such 
as  E. coli  [ 30 ,  55 ]. Lactoferrin is an iron-binding protein in nasal secretions that inhibits bacterial growth of organisms that 
depend on iron for their metabolism, such as facultative and aerobic gram-positive and -negative bacteria as well as  Candida 
albicans , which increases in the presence of secretory IgA [ 30 ,  55 ]. Neither lysozyme and lactoferrin have any effect against 
viral infections [ 30 ]. Lactoperoxidase acts on peroxide and oxidized forms of thiocyanate to form molecules that are toxic to 
bacteria [ 55 ]. 

 Other important molecules include secretory leukoprotease inhibitor, uric acid, peroxidase, aminopeptidase, secretory 
phospholipase A2, and defensins [ 30 ]. Human beta-defensin (hBD)-1 is expressed constitutively in epithelial cells and have 
broad antibacterial and antifungal activity; hBD-2 and 3 are expressed in response to bacterial and other forms of infl amma-
tion [ 55 ]. Nitric oxide is present in high concentrations in the nasal cavity and sinuses and also plays an important role in 
defense [ 30 ]. The complement system consists of a network of over 30 proteins that play a critical role in the nasal innate 
immune response by assisting with opsonization by phagocytes of viruses and bacteria, activation of phagocytic cells, and 
lysis of bacteria and infected cells [ 30 ]. 

 Nonspecifi c immune responses occur if the above initial defense systems are broken down. These immune responses are 
manifested as the release of bioactive and chemotactic factors resulting in increased migration of infl ammatory cells into the 
mucosa, increased vascular permeability, and hyperemia [ 30 ]. Increased blood fl ow carries numerous plasma proteins to the 
nasal mucosa including immunoglobulins, complement, and proteases and helps to rid the nasal cavity of microorganisms 
[ 30 ]. Table  2.1  summarizes the specifi c and nonspecifi c mechanical, humoral, and cellular defense mechanisms in the nose.

   Toll-like receptors (TLRs) are transmembrane proteins that function as pathogen-recognizing receptors (PRRs) capable 
of interacting with conserved domains on microorganisms, referred to as pathogenesis-associated molecular patterns 
(PAMPs) [ 55 ]. PAMPs include protein (TLR4, 5), lipid or lipoprotein (TLR1, 2), and nucleic acid (TLR9) motifs [ 55 ]. 
Activation of TLRs results in activation of NF-κB (nuclear factor kappa-light-chain-enhancer of activated B cells) and tran-
scription resulting in subsequent production of a spectrum of proinfl ammatory cytokines (including IL-1α, IL-6, IL-12, 
TNFα), anti-infl ammatory cytokines (including IL-10, TGF-β), and chemokines (including RANTES, MIP-1, IL-8). These 
cytokines and chemokines provide nonspecifi c protection to the host [ 55 ]. 
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 Bacterial clearance requires recruitment and activation of infl ammatory cells such as neutrophils and macrophages at the 
site of infl ammation [ 30 ]. Recruitment and activation require a well-coordinated series of events, including increased expres-
sion of leukocyte and vascular adhesion molecules and the establishment of chemotactic gradients generated by the release 
of proinfl ammatory cytokines and chemokines [ 30 ]. Acute infl ammation initially manifests as increased neutrophils, which 
migrate to the site of infl ammation within 24 h, followed by the appearance of macrophages and lymphocytes [ 30 ]. 
Neutrophils have toxic granules containing proteolytic enzymes that, when released, can cause oxidative damage of sur-
rounding tissue leading to infl ammation [ 30 ]. The oxidative burst created by neutrophils, manifested as increased nitric oxide 
levels, is an important protective mechanism against unwanted invasive microorganisms [ 30 ].  

    Adaptive Immunity 

 The humoral adaptive immune response plays an important role in combating infection as well as eliciting specifi c IgE- 
mediated responses in susceptible individuals. Mucosa-associated lymphoreticular tissue (MALT) is an aggregate collection 
of lymphoid cells present throughout the nasopharynx, bronchi, and gastrointestinal tract [ 55 ]. In the nasopharynx, dendritic 
cells process foreign antigens for a presentation and activation of T- and B-lymphocytes [ 55 ]. Antigen-stimulated 
B-lymphocytes migrate to mucosal lymphoreticular tissue where they expand and differentiate into specifi c immunoglobulin- 
producing plasma cells [ 55 ]. Immunoglobulins are formed in response to proteins as well as the polysaccharide bacterial 
capsules of organisms like  Haemophilus infl uenza B  and  Streptococcus pneumoniae  [ 30 ]. 

 Elicitation of a specifi c IgE-mediated allergic response in a genetically susceptible person fi rst requires antigen exposure 
leading to sensitization, followed by a latency period that can be of a variable length of time [ 57 ]. Specifi c IgE antibodies are 
bound to high affi nity IgE receptors (FcεRI) on mast cells. After re-exposure to the sensitizing allergen, the antigen-binding 
sites of specifi c IgE antibodies on mast cells recognize the eight to nine amino acid-relevant sensitizing peptides and are 
cross-linked, leading to mast cell activation and the release of preformed (such as histamine, platelet activating factor) and 
newly formed (such as leukotrienes, prostaglandins) bioactive mediators. These bioactive mediators cause vascular and neu-
rorefl ex responses characteristic of allergy symptoms, including nasal congestion, postnasal drainage, rhinorrhea, nasal and 
ocular itching, and sneezing [ 57 ].  

    Pathogenesis of Chronic Rhinosinusitis 

 Chronic rhinosinusitis (CRS) is a condition characterized by persistent infl ammation of the mucosa in the nose and paranasal 
sinuses [ 58 ]. This condition encompasses both polypoid and non-polypoid forms of disease. In a small subset of patients, 
genetic disorders (such as Kartagener’s syndrome and cystic fi brosis) and systemic autoimmune disorders (such as Wegener’s 
granulomatosis and sarcoidosis) account for the underlying infl ammation, leading to chronic rhinosinusitis [ 58 ]. However, most 
cases of chronic rhinosinusitis are idiopathic. Proposed mechanisms for CRS included obstruction of the osteomeatal com-
plexes, impaired mucociliary transport, atopy, microbial resistance, and biofi lm formation [ 58 ,  59 ]. The  Alternaria  “fungal 
hypothesis” proposes that  Alternaria , a common ascomycete fungi genus, is the primary pathogenic trigger of all forms of CRS. 
In contrast, the  Staphylococcus aureus  “superantigen hypothesis” proposes that colonizing  S. aureus  release superantigenic 
toxins that can induce direct T and B cell immune responses [ 58 ,  60 – 68 ]. The primary support for the  Alternaria  hypothesis is 
the hyperreactivity of peripheral blood mononuclear cells in response to stimulation with supraphysiologic doses of  Alternaria  
antigen [ 58 ,  69 – 71 ]. However, there is little in vitro, in vivo, or clinical evidence to support the fungal hypothesis as the cause 
of chronic sinus disease [ 58 ,  72 ]. With respect to the superantigen hypothesis, there is currently no evidence to support a role 
for superantigens causing CRS. Currently, they are considered more a modifi er rather than a cause of disease [ 58 ,  73 ]. 

 The immune barrier hypothesis proposes that compromises of the nasal epithelium physical barrier, mucociliary trans-
port, the innate and adaptive immune responses induced by environment irritants, and colonizing and pathogenic organisms 
lead to chronic infl ammation and CRS [ 58 ]. Recent evidence supports a role for mutations in genes signifi cant for coding 

 Defense  Humoral  Cellular 

 Mechanical  Mucus  Ciliary epithelium 
 Nonspecifi c immune responses  Complement, lysozyme, lactoferrin  Granulocytes, macrophages 
 Specifi c immune responses  Immunoglobulins  Lymphocytes 

  Reprinted from Fokkens and Scheeren [ 30 ]. With permission from Elsevier  

  Table 2.1    Defense mechanisms 
of the upper airways  
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proteins important for epithelial structure and function in CRS [ 58 ,  74 ,  75 ]. Evidence for impaired barrier disruption includes 
decreased tight junction proteins and increased ion permeability in patients with CRS compared to normal controls [ 58 ]. This 
observation is supported by a decrease in SPINK5, a gene that encodes the protease inhibitor LEKT1 (important for mainte-
nance of epithelial barrier function) [ 58 ,  74 ,  75 ]. A defi ciency of this protease inhibitor could lead to increased susceptibility 
to the intrinsic protease activity of bacteria, fungi, and allergens like dust mites, thereby rendering the host more vulnerable 
to penetration by foreign proteins and leading to increased infl ammation from innate and adaptive immune responses [ 58 , 
 74 ,  75 ]. Similarly, antiproteases like LEKT1 protect epithelial surface receptors (referred to as protease activated receptors 
or PARS) from exogenous proteases [ 58 ,  76 ]. Protease activity receptor stimulation could lead to increased cytokine and 
chemokine release and effector cell recruitment to the nose, leading to impaired immune responses [ 58 ,  76 ]. Recent evidence 
suggests that S100 proteins, which are antimicrobial proteins, are reduced in patients with CRS [ 58 ,  77 ]. CRS has been pos-
tulated to be in part caused by a defi ciency of these proteins, which are important for antibacterial and antifungal activity, 
neutrophil and lymphocyte recruitment, and wound healing [ 58 ,  74 ,  75 ]. 

 Interestingly, toll-like receptor-2 (TLR2) mRNA has been found to be decreased in patients with cystic fi brosis nasal 
polyps; TLR2 and TLR9 mRNA are decreased in patients with CRS with nasal polyps [ 58 ,  78 – 81 ]. However, data relating 
the pathogenic role for TLR and CRS are inconsistent and still remain a theoretical mechanism [ 58 ]. IL-22 secreted by Th17 
and Th1 cells activates epithelial cells by binding to IL-22R [ 58 ,  82 ,  83 ]. It has been shown that patients with CRS with nasal 
polyps have decreased IL-22R and therefore a decreased IL-22 response [ 58 ,  84 ]. This defi ciency remains yet another way 
the innate immune response can be impaired. 

 Epithelial cells likely play a major role in the pathogenesis of CRS, likely due to their ability to regulate activation of T 
cells as well as produce cytokines that can activate B cells, dendritic cells, T cells and chemokines that can attract effector 
cells to the nasal tissue [ 58 ,  80 ]. Epithelial cells also produce and release thymic stromal lymphopoietin (TSLP) in response 
to viruses such as rhinovirus, which cause T cells to differentiate into Th2 cells. Interestingly, TSLP has been demonstrated 
to be increased in those individuals who have a defi ciency of the protease inhibitor LEK1 [ 58 ,  85 ]. 

 It is clear that numerous immune components and pathways are involved in the pathogenesis of the various forms of rhi-
nosinusitis. These immune mechanisms are discussed in greater detail in Chap.   3    .  

    Conclusions 

 The upper respiratory tract is a complex anatomic, neurologic, and vascular network that provides structural, physiologic, 
and immune defense barriers to protect the host from the external environment. When one or more of these processes break 
down, then many predictable and at times unpredictable medical consequences can occur. Correct diagnosis and appropriate 
treatment of patients with allergic, nonallergic, or mixed rhinitis to prevent unchecked nasal infl ammation will often prevent 
or ameliorate the progression to chronic rhinosinusitis. Future research investigating the pathogenesis and mechanism(s) of 
rhinitis subtypes and CRS will provide better opportunities for developing novel therapies to improve our management of 
this common clinical condition.     
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    Chapter 3   
 Immunobiology of Chronic Rhinosinusitis 

             Gary     A.     Incaudo       and     Christopher     C.     Chang     

           Introduction 

 The upper airway plays an important immunologic role as the primary fi lter of inspired air. As a consequence, the upper 
airway experiences daily exposure to particulates, gases, antigens, and potential pathogens. Under optimal conditions, the 
upper airway readily clears larger particulates and some gases using mucous entrapment. Elimination of fi ltered material 
follows through the gastrointestinal tract using the mucociliary escalator without involvement of the innate or adaptive 
immune system. However, if the barrier function of the epithelial layer fails, otherwise fi ltered materials can penetrate into 
the submucosa, activate the immune system, and raise the potential for acute and chronic infl ammation. 

 Because infl ammation of the nasal cavity and sinuses commonly coexists, the term “rhinosinusitis” has been coined to 
describe any infl ammatory upper airway event. When signs and symptoms are persistent for more than 12 weeks, the term 
“chronic rhinosinusitis” (CRS) is commonly used. Although one could argue that CRS represents a persistent infection pro-
cess in a closed space, it is clear that many cases are more complex and involve an aberration in the immune response, par-
ticularly if polyposis ensues. 

 CRS is best viewed as a heterogeneous group of disorders in which the sinonasal mucosa is often abnormally and persis-
tently infl amed and whose etiology and pathogenesis are largely unknown. Abnormalities in the host response to recurrent 
external insults such as allergens, fungi, bacteria, and virus have been suggested to underlie the persistence of the infl amma-
tory state [ 1 ]. As we have seen in earlier chapters, CRS is further divided into two types based upon the absence or presence 
of nasal polyps (NPs), CRS without NPs (CRSsNP) and CRS with NPs (CRSwNP). Each has a distinctive expression of 
infl ammatory and remodeling mediators. In Western populations, CRSsNP is characterized most commonly by neutrophilic 
infl ammation and prevalent Th1 cytokine profi le. In contrast, CRSwNP is mainly characterized by eosinophilic infl ammation 
and prevalent helper T cell type Th2 responses [ 2 ]. Eosinophilic infl ammation has been found in 65–90 % of involved NP 
cases among whites and 50 % of Asians suggesting a genetic component [ 3 ]. However, it should be emphasized that both the 
presence and extent of eosinophilia in NPs can be quite variable. Furthermore, a large subset of patients with idiopathic nasal 
polyposis exists who do not demonstrate predominantly eosinophilia or neutrophilia. These observations support a view that 
although certain forms of CRS may be more commonly associated with NPs (e.g., NSAID hypersensitivity), polyposis can 
develop as a complication of any form of CRS and is based on a separate mechanism that may be genetic or epigenetic. 
Although the exact pathogenesis of each of these disorders remains largely unknown, considerable insight into the immunol-
ogy has been accomplished over the last decade. 

 That CRSwNP and CRSsNP are commonly distinct clinical entities is supported by the observations that these two sub-
groups usually display unique histologic, gene, and protein expression patterns [ 4 ,  5 ]. However, the immunologic patterns 
seen are not mutually exclusive to subdivide CRS based solely on the presence or absence of NP. These fi ndings suggest that 
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CRS subgroups are more diverse and represent a complex interaction of many factors which, in unison, result in the wNP 
and sNP categorization. Until distinct immunologic and genetic profi ling becomes available to clinicians, health-care provid-
ers are left with clinical defi nitions of CRS as the best approach for directing treatment. The fi ve clinical division of CRS 
have been proposed as follows [ 4 ]: (1) chronic infectious sinusitis, (2) non-eosinophilic sinusitis, (3) chronic hyperplastic 
eosinophilic sinusitis, (4) allergic fungal sinusitis, and (5) NSAID hypersensitivity-related or aspirin-exacerbated respiratory 
disease (AERD). This is illustrated in Table  3.1 , along with other suggested classifi cation systems for rhinosinusitis.

   Chronic hyperplastic eosinophilic sinusitis, allergic fungal rhinosinusitis, and NSAID hypersensitivity are associated 
with some degree of nasal polyposis. Such a high degree of heterogeneity underscores the variety of therapeutic options 
open to clinicians depending on the specifi c format of CRS and extends beyond the presence or absence of polyps. For 
example, allergic fungal sinusitis can also be treated with antifungal agents and specifi c antifungal immunotherapy. 
NSAID hypersensitivity- related or aspirin-exacerbated respiratory disease can also be treated with ASA desensitization 
for polyp control in addition to other more standard measures used in the treatment of CRS with eosinophilic NP such as 
topical and systemic corticosteroids and leukotriene antagonists. In general, compared with non-eosinophilic CRSwNP, 
eosinophilic CRSwNP demonstrates a higher degree of disease severity, greater steroid responsiveness, and a poorer 
response to surgery. 

 Still, the question remains whether CRSwNP and CRSsNP represent a disease spectrum that varies over time based 
upon genetic and epigenetic factors or does CRS represent different diseases that develop separately while maintaining 
similar immunologic characteristics. It is compelling to consider CRS as a spectrum of disorders in which the level of 
eosinophilia and propensity for the development of polyposis exists on a continuum based on host genetic and epigenetic 
factors (Fig.  3.1 ).

   In general, CRS is clearly a complex interplay between host factors, consisting of the innate and adaptive immune 
responses, barrier function, and environmental factors, including fungal or bacterial colonization, biofi lms, superantigens, 
osteitis, and allergen exposure. The answer to this question will ultimately be found by characterizing host factors on the 
basis of the expression of infl ammatory patterns and genetic profi les. Indeed, defi ning the role of humoral or innate immune 
defi ciencies, infl ammatory cell profi les (eosinophils vs neutrophils), epithelial barrier defects, and identifying the differenti-
ated T-effector cells (Th1, Th2, and Th17) and regulatory T (Treg) cells will ultimately lead to more specifi c diagnostic 
subgroups. Such information, when combined with an understanding of the mechanistic imbalance favoring TH1 or TH2 
responsiveness and the remodeling processes of fi brosis and/or edema formation, will ultimately provide more targeted 
therapeutic options in the future. This chapter will review the most important immunologic fi ndings that will improve our 
knowledge of CRS pathogenesis and lead to a better clinical understanding of this complex disease.  

    Table 3.1    Classifi cation of rhinosinusitis         

  Clinical classifi cation of chronic rhinosinusitis  
 Chronic infectious sinusitis 
 Non-eosinophilic sinusitis 
 Chronic hyperplastic eosinophilic sinusitis 
 Allergic fungal sinusitis 
 NSAID hypersensitivity-related or aspirin-exacerbated respiratory disease 
  Alternate classifi cation systems of rhinosinusitis  
 Rhinosinusitis 
  Acute rhinosinusitis 
  Chronic rhinosinusitis 
   Chronic rhinosinusitis with nasal polyps 
   Chronic rhinosinusitis without nasal polyps 
  Allergic fungal rhinosinusitis 
  Classifi cation system for fungal rhinosinusitis  
 Invasive 
  Acute invasive fungal rhinosinusitis (necrotizing, fulminant) 
  Chronic invasive fungal rhinosinusitis 
  Granulomatous invasive fungal rhinosinusitis (indolent) 
 Noninvasive 
  Allergic fungal rhinosinusitis 
  Saprotic fungal infestation 
  Fungus ball (fungus mycetoma) 
  Eosinophilic fungal rhinosinusitis 
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    The Role of Innate Immunity in Chronic Rhinosinusitis 

 The role of innate immunity in various diseases is becoming more and more appreciated, and chronic rhinosinusitis is no 
exception. The fi rst line of defense against infectious agents is the mucosal and skin barriers that form a physical defense 
system by employing a number of different systems. These include clearance mechanisms such as mucus and cilia, tight 
junctions between cells to keep out invaders, and even regulation of environmental or ambient local conditions such as tem-
perature and humidity. The role of the epithelial barrier is not limited to a physical on. Rather, the epithelium is an active 
organ that is designed to identify or recognize dangers to the host and generate a multifaceted response to these signals. The 
role of pattern recognition receptors will also be presented, as will other aspects of innate immunity, including complement 
and other nonspecifi c cellular responses. 

    The Epithelial Cell as an Immune Barrier in CRS 

    Tight Junctions 

 The airway mucosa maintains a structural integrity that protects the subepithelial tissue from foreign invasion. An intact bar-
rier function is the fi rst-line defense mechanism of the airway against potential antigens and pathogens. A major component 
of barrier integrity is the structure of the “tight junctions (TJs)” that hold epithelial cells fi rmly together. TJs are the gatekeep-
ers of the nasal and sinus mucosa. They are responsible for the regulation of paracellular fl ux and control epithelial perme-
ability. TJs can prevent foreign particles from entering the subepithelial layers and paradoxically become permeable to 
promote infl ammatory cell discharge into the sinus and nasal cavities. When dysfunctional, TJs can contribute to the aggra-
vation of infl ammatory processes and have the capacity to direct an immune response. 

 Tight junction (TJ) components consist of various scaffold adaptor and transmembrane proteins. Different members of the 
TJ proteins have been identifi ed. These include occludin, tricellulin, the family of claudins, and junctional adhesion mole-
cules which form intercellular homodimers/heterodimers between neighboring cells. Within the cytoplasm, they bind to the 
actin cytoskeleton through associated proteins, such as the zonula occludens (ZO) family and cingulin [ 6 ,  7 ]. Their tightness 
prevents foreign particles, such as irritants and allergens, from entering the subepithelial layers as they act both structurally 
as a barrier and immunologically through innate toll-like receptors (see below) and secretory IgA transport (Fig.  3.2 ). On the 
other hand, TJ permeability can lead to drainage of infl ammatory cells into the lumen, promoting resolution of the infl am-
matory process. It is clear that the epithelial layer of the respiratory tract acts as an important gatekeeper whose function is 
to prevent, promote, and resolve infl ammation.

   Dysfunctional TJs can promote infl ammation through facilitating the invasion of pathogens and environmental antigens, 
including allergens, into the submucosal layer. Recent research has defi ned an increasing number of mucosal-based disorders 
linked to defective or altered TJs. Schultze et al. described TJ abnormalities in patients with infl ammatory bowel diseases, 
including Crohn’s disease [ 8 ]. Atopic disorders such atopic dermatitis and asthma have also demonstrated tight junction 
abnormalities [ 9 – 12 ]. Rhinoviral infection, a notorious trigger of sinusitis and asthma fl ares, has been shown to disrupt the 
cytoplasmic actin cytoskeleton further enhancing infl ammation from otherwise innocuous inhaled particulates or gases as 
well as increase binding of bacteria to and promote internalization of bacteria by epithelial cells [ 13 ]. 

 Changes in TJ arrangement within the epithelium of the nasal cavity, a region heavily exposed to environmental antigens 
and infective agents, have only recently been understood in the context of promoting chronic infl ammation [ 1 ,  14 ]. In 2002, 
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  Fig. 3.1    Role of eosinophils in chronic rhinosinusitis. Eosinophilic and non-eosinophilic forms of sinusitis present with distinct pathological 
features and require distinct clinical approaches. However, in individual patients CS presents along a spectrum in which the level of eosinophilia 
and predilection for polyposis exists on a continuum.  CSsNP  chronic sinusitis without nasal polyposis,  CSwNP  chronic sinusitis with nasal polypo-
sis (Reprinted from Payne et al. [ 4 ]. With Permission from Elsevier)       
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ZO-1 was found to be downregulated in nasal polyposis along with epithelial dedifferentiation [ 15 ]. Zuckerman et al. was 
able to demonstrate weakened desmosomal junctions in patients with CRSwNP and suggested that TJ weakening may be the 
source of polyp formation [ 16 ]. Bernstein et al. demonstrated that cultured epithelial cells from nasal polyps manifest a 
greater absorption of sodium and water than cells from turbinate. These authors propose that the microenvironmental infl am-
matory response within the respiratory epithelial structure can affect the bioelectrical integrity of the sodium and chloride 
channels at the luminal surface and promote polyp formation [ 17 ]. 

 Further research from Japan supported the concept that sinonasal epithelial cells from patients with CRS express increased 
rates of ion transport which might be pathophysiologically relevant to disease progression [ 18 ,  19 ]. Soyka et al. took this line of 
research a step further demonstrating a defective barrier function in patients with CRS in conjunction with a decreased expression 
of TJ proteins and decreased mRNA levels compared with that seen in normal control subjects [ 7 ]. The defective barrier function 
in this study was most pronounced in patients with CRSwNP when compared to healthy controls and patients with CRSsNP. The 
changes in TJ function was enhanced by the cytokines IFN-γ and interleukin 4 (IL-4). Of additional interest in this study was the 
fi nding that dysfunctional TJs in CRS mucosa could still be demonstrated when the epithelium was cultured in the absence of any 
infl ammatory stimuli suggesting a possible intrinsic (genetic?) defect inherent or induced and persisting in the diseased mucosa. 
Taken together, these studies suggest that polyp formation begins, in part, with a dysfunctional TJ function within the lining of 
the upper respiratory tract that is either induced or inherent or both that allows a transepithelial migration of fl uid and infl amma-
tory cells into a polypoid mass. Still, a clear and comprehensive comparison of TJs changes from mucosa of normal controls, 
CRSsNP, and CRSwNP remains lacking. It is still not known whether the defective TJ production and function are a primary 
source or a secondary result of the infl ammatory response in CRS. Nevertheless, these discoveries have underscored the impor-
tant protection the epithelial layer provides, whether in the airway, intestinal tract, or skin, as it interacts with the environment.   

    The Immune Barrier as a Mediator of T Cell Function 

 In addition to a physical barrier, the airway epithelium operates as a mediator of immune defense. Defects in a broad set of 
epithelial-related genes, in theory, could contribute to a dysfunctional innate and adaptive immune response to environmental 
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agents entering the upper airways similar to those described in the skin and lungs. The resultant immune differentiation could 
then serve as the basis for developing CRS heterogeneity. Details of the innate, humoral, and T cell immune function found 
in CRS are discussed below. There is considerable evidence suggesting that patients with CRS demonstrate enhanced epithe-
lial cell immune activation. CRS appears to generate a wide range of T cell cytokines and chemokines with mixed Th1/Th2/
Th17 profi les such as INF-γ, transforming growth factor, IL-3, IL- 4, IL- 5, IL- 13, IL-17, IL-19, IL-32, CCL5 (RANTES), 
CC chemokine ligand 18, and eotaxins as well as reduction in T regulatory markers such as FOXP3 [ 7 ,  20 – 25 ]. The broad 
immunologic diversity of infl ammatory markers observed within tissue from patients with CRS stands in stark contrast to the 
simple CRSsNP and CRSwNP clinical classifi cation and underscores the need for better immunologic phenotyping [ 26 ]. 

 Components of innate and humoral immunity such as toll-like receptors on the epithelial surface play a key role in T cell 
activation and are described below. Other formats of micro-signaling dysregulation from epithelial cells in CRS patients have 
been recently uncovered. Some authors have suggested that there are epigenetic changes in the sinonasal mucosa signaling 
in patients with CRS [ 27 ]. For example, microRNAs regulate gene expression primarily by translational repression and, as 
such, represent a fundamental component of the gene-regulatory network in humans. Zhang et al. identifi ed an upregulated 
expression of a single microRNA miR-125b in patients with CRSwNP. They found that miR-25b can enhance interferon 
production by suppressing the transcriptional regulator EIF4E-binding protein 1. The authors linked this regulator to muco-
sal eosinophilia and a Th2 bias by suggesting the suppression can result in increased INF-β mRNA expression [ 25 ].  

    Other Components of Innate Immunity 

    S100 Protein Genes 

 Another focus of gene research is the epidermal differentiation complex located on chromosome 1q21. Chromosome 1q21 
encodes many genes that are expressed in epidermal cells. A majority of the S100 protein genes are encoded in this region. 
S100 proteins are small, calcium-binding proteins whose genes are localized in a cluster on human chromosome 1. Through 
their ability to interact with various protein partners in a calcium-dependent manner, the S100 proteins exert their infl uence 
on many vital cellular processes such as cell cycle, cytoskeleton activity, cell motility, cell differentiation, etc. The charac-
teristic feature of S100 proteins is their cell-specifi c expression, which is frequently up- or downregulated differently in vari-
ous pathological states. Tieu et al. studied the S100 proteins in the mucosa of patients with CRS [ 28 ]. Of particular interest 
in epithelial barrier function are the proteins S100A7 (Psoriasin) and S100A8/S100A9 (calprotectin), initially found to be 
overexpressed in psoriasis [ 29 ,  30 ]. Tieu and colleagues found that S100 protein expression was signifi cantly decreased in 
the epithelium of CRS patients. One of the important S100 proteins, S100A7, has signifi cant chemotactic properties and acts 
as an attractant for CD4+ lymphocytes and neutrophils and can directly kill bacteria [ 31 ]. Tieu speculated that the decrease 
in S100 protein expression is a form of immune defi ciency that could lead to a diminished innate immune response and 
defective barrier function, setting the stage for the development of CRS and possibly nasal polyps. 

 Another S100 protein, calprotectin promotes neutrophil migration. Tieu et al also found increased levels of calprotectin 
in nasal polyp tissue which they speculated may refl ect neutrophil recruitment stimulated as a compensatory mechanism to 
counteract against the immune barrier defect [ 31 ]. It is possible that an induced or genetically directed reduction in S100 
proteins in patients with CRS represents at least one mechanism that can result in immune dysregulation that results in 
increased susceptibility to infection by organisms that are directly sensitive to these proteins. The adverse immune response 
is further enhanced by limiting transepithelial migration of leukocytes attempting to repair of the epithelium (Fig.  3.2 ). This 
data provides strong evidence for a direct gene-based induction of an immune barrier defect at the epithelial/mucosal level 
in patients with CRS that promotes antigenic penetration and triggers an enhanced infl ammatory response. Examples of 
potential triggers of this activation could be colonization with bacteria, viral invasion, or an innate infl ammatory response to 
fungi and other environmental antigens.  

    Lymphoepithelial Kazal-Type-Related Inhibitor (LEKTI) A.K.A Serine Protease Inhibitor 
Kazal-Type 5 (SPINK5) 

 Recently, there has been increasing interest in SPINK5 and thymic stromal lymphopoietin (TSLP), an IL-7-related cyto-
kine that is secreted by epithelial mucosal cells, as potential sources of CRS development. SPINK5 is an epithelial pro-
teinase inhibitor that provides maintenance support for the epithelial barrier in a variety of ways including keratinization. 
TSLP directs dendritic cells to release a cytokine burst that attracts Th2 cells and promotes T cell activation. The link of 
SPINK5 and TSLP to CRS begins with the discovery of the key defect underlying a congenital disorder called the 
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Netherton syndrome. Netherton syndrome is an autosomal recessive disorder marked by severe ichthyosis and a strong 
Th2 immune bias toward atopic disease development. It has been linked to the lymphoepithelial Kazal-type-related inhibi-
tor (LEKTI) also known as serine protease inhibitor Kazal-type 5 (SPINK5). LEKTI defi ciency has also been linked to 
atopic disease, another component of the Netherton syndrome [ 32 ]. Richer et al. extended the effects of LETKI defi ciency 
beyond keratinization and atopy [ 33 ]. These authors found decreased SPINK5 expression in the mucosa of patients with 
both CRSsNP and CRSwNP which suggests that serine protease inhibitor Kazal-type 5 is an important component in 
mucosal epithelial barrier integrity. Decreased SPINK5 appears to be even more pronounced in CRS/NSAID-associated 
airway disease further supporting a causative role for this gene product in a subgroup of CRSwNP that tends to be clini-
cally aggressive and highly symptomatic [ 34 ].  

    Thymic Stromal Lymphopoietin (TSLP) 

 LEKTI defi ciency has been connected to the dysregulation of the protease kallikrein 5, which in turn activates protease- 
activated receptor 2 (PAR-2) [ 35 ]. Activated PAR-2 can induce the expression of TSLP, a key infl ammatory cytokine from 
epithelial airway cells [ 36 ] (Fig.  3.3 ). TSLP production from barrier epithelial cells acts as a central component of Th2 
expression, primarily through stimulating dendritic cell (DC) OX-40 expression. It is the interaction of DC OX-40 with 
OX-40 L-CD4 cells that drives Th2 differentiation [ 37 ]. A connection between TSLP and CRS with nasal polyps was identi-
fi ed by Liu et al [ 38 ]. These authors found high levels of TSLP in nasal epithelial tissue with polyps (with and without aller-
gic rhinitis) and increased TSLP receptors on peripheral dendritic cells in mucosal/polyp tissue, suggesting that DC-TSLP 
interaction is involved in the pathogenesis of nasal polyps. The infl uence of TSLP activation on CRS was expanded to 
include CRSsNP by Boita et al. that same year [ 39 ]. It appears likely that epithelial cell dysregulation of SPINK5, primarily 
through a reduction in regulatory activity, promotes TSLP generation and provides a direct pathway for infl ammatory ampli-
fi cation, particularly with a Th2 bias. SPINK5 and TSLP represent yet another defect of barrier epithelium function that can 
promote the development Th2 activity and CRS with and without polyps in affected individuals and serve as a target for 
future therapeutics.
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       Transforming Growth Factor (TGF) 

 The mucosal epithelial barrier can be involved in the entire infl ammatory process in ways that have yet to be fully defi ned. 
Cell proliferation in somatic tissues, specifi cation of cell fate during embryogenesis, differentiation, and cell death are con-
trolled by a multitude of cell–cell signals. Prominent among these regulatory signals is the transforming growth factor-beta 
(TGF-β) superfamily, which comprises a large and diverse group of polypeptide morphogens with over 33 members. The 
TGF-β family plays an important role in the development, homeostasis, and repair of most human tissues [ 40 ]. All immune 
cell lineages, including B cell, T cell, and mucosal and dendritic cells as well as macrophages, secrete TGF-β, which nega-
tively regulates their proliferation, differentiation, and activation by other cytokines. Thus, TGF-β is a potent immunosup-
pressor, and the disturbance of TGF-β signaling is linked to autoimmunity, infl ammation, and cancer [ 41 ]. Recent evidence 
suggests that TGF-β1 is involved in very early respiratory disease as well as late persistent respiratory disease and is involved 
with both the infl ammatory and the remodeling processes [ 42 ]. It has long been observed that chronic rhinosinusitis with and 
without nasal polyps, asthma, and chronic obstructive pulmonary disease is similarly characterized by mucosal infl ammation 
and remodeling. TGF-β1 has been demonstrated to be upregulated in both CRSsNP and COPD, upregulated or unchanged 
in asthma, and downregulated in CRSwNP [ 40 ]. 

 Different TGF-β responses are likely the result of varying Treg activity. It has been shown that there is a difference in the pres-
ence of Treg cells in CRS. There appears to be a defi cit in FoxP3 expression and Treg cell numbers in CRSwNP, but not in 
CRSsNP. Both the Treg and infl ammatory cell dysregulation in CRSwNP are coincident with signifi cant downregulation of TGF-
β1 expression, a lack of collagen, and an intense edematous stroma. In contrast, CRSsNP demonstrates no defi cit in Treg cell 
numbers, excessive collagen production, and fi brosis and displays a much less severe infl ammatory mucosal reaction [ 21 ,  43 ] 
(Fig.  3.4 ). Given its regulatory function in both infl ammation and remodeling processes, TGF-β1 represents a future therapeutic 
target for patients with CRSwNP. The regulation of TGF-β1 itself is discussed later in the chapter in the section on cytokines   .

        Pattern Recognition Receptors and Pathogen- and Danger-Associated Molecular Patterns 

 A feature of the immune system of higher organisms is the ability to recognize conserved pathogenic molecular patterns on 
potentially harmful organisms or substances. These are known as pathogen-associated molecular patterns (PAMPs) when 
one is referring to infectious agents and danger-associated molecular patterns (DAMPs) when one is referring to other non-
infectious agents such as chemicals. The receptors that recognize these molecular patterns and trigger the cascade of signal-
ing pathways that lead to a protective immune response are known as pattern recognition receptors (PRRs). The most well 
known of the pattern recognition receptors are the toll-like receptors (TLRs), transmembrane receptors found on a variety of 
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immune cells that were discovered in the late 1990s and are now known to play a signifi cant role not just in infectious dis-
eases, but also in autoimmunity, noninfectious infl ammatory diseases, and even in diseases not normally thought to have an 
immune component. Each TLR is localized to a different part of the cell, some are intracellular and some are membrane 
bound, signifying different functions. Moreover, each TLR binds to a different set of ligands. As a result, TLR2 and TLR4 
may play a role in defenses against fungi, bacterial, and endotoxin. Bacterial lipopolysaccharide (LPS) has been found to be 
a ligand of TLR4. TLR3 binds to viral double-stranded DNA, but TLR 7 and TLR8 are activated by single-stranded RNA. 
TLR5 recognizes bacterial fl agellin, and TLR9 recognized methylated CpG moieties primarily found in bacteria. These are 
all illustrations of how the innate immune system distinguishes self from nonself. With regard to CRS, one study reported an 
absence of TLR2 and TLR4 as well as TLR3 in nasal polyps of patients in whom bacteria were detected in cultures from the 
nasal vestibule. The clinical signifi cance of this is unknown at this time. 

 The airway epithelium has already been discussed in detail as to its role as a component of innate immunity and fi rst-line 
defense against pathogens. The role of airway epithelium in various diseases, including diseases that are now thought to be 
primarily a function of chronic infl ammation, such as asthma and chronic rhinosinusitis, is being increasingly recognized. 
Nasal fi broblasts have also been found to play a role in nasal polyps. An in vitro study demonstrated that ligands for TLR 
2,3,4, and 5 can stimulate nasal fi broblasts to secrete thymus and activation-related cytokine (TARC) leading to the produc-
tion of IL-4, suggesting an interplay between the innate immune system and the development of a predominantly Th2 
response in patients with nasal polyps [ 44 ].  

    Complement and Rhinosinusitis 

 The complement system is a component of innate immunity, but also serves as a bridge between innate and adaptive immu-
nity in that it facilitates the interaction between cellular elements of adaptive immunity, i.e., B and T cells. There are three 
pathways of complement, the classical pathway, so named because it was the fi rst discovered, the alternative pathway, and 
the lectin pathway. The latter two are antibody independent and are therefore more closely linked with innate immunity. 

 Defi ciencies in complement are rare. The most common defi ciency is a C3 defi ciency. Defi ciencies of the latter compo-
nents, C5 through C9, result in a failure to form a functional membrane attack complex, leaving the host susceptible to 
pathogenic infectious agents such as  Neisseria . The clinical signifi cance of defi ciencies of the earlier components of the 
classical pathway is unknown. One study showed that a C4A defi ciency was associated with an increased risk of chronic 
rhinosinusitis. Seppanen et al. demonstrated a strong relationship between CRS and the C4A null allele [ 45 ]. A C2 defi ciency 
has also been associated with severe and mild sinus infections [ 46 ]. A defi ciency of mannose-binding lectin of the lectin 
pathway has been associated with recurrent infections, although more commonly, the clinical effect of this defi ciency is seen 
in conjunction with other immune system defi ciencies. A more detailed discussion of the impact of immune defi ciency on 
chronic rhinosinusitis is available in Chap.   14    . 

 Mannose-binding lectin (MBL) defi ciency has been associated with chronic rhinosinusitis. But the association is weak, and in 
a study of 87 patients, 15 of them, or 17.2 %, showed a complete lack of MBL. But compared with a control group with an MBL 
defi ciency rate of 9.3 %, this was not found to be statistically signifi cant [ 47 ]. Moreover, another study actually showed that chronic 
rhinosinusitis patients with nasal polyps have higher C3 and MBL levels than those without nasal polyps, and both groups have 
MBL levels higher than the healthy controls [ 48 ]. The signifi cance of MBL in chronic rhinosinusitis is therefore still unknown. 

 Others have suggested that it is not a specifi c complement defi ciency that is related to chronic rhinosinusitis, but an overall 
functional impairment of the complement pathway [ 49 ]. Whether complement function is related to sinus infections alone or 
if there is a more complex relationship related to infl ammation of the nose and paranasal sinuses is unknown at this time.  

    Staphylococcus Superantigens and Chronic Rhinosinusitis 

 It is now known that  Staphylococcus aureus  ( S. aureus ) enterotoxins can function as superantigens in chronic rhinosinusitis. 
This means that enterotoxin can activate T cells independently of the antigen-specifi c groove, by direct interaction with the T 
cell receptor variable β-chain.  S. aureus  enterotoxin B can skew the T helper cell paradigm toward a Th2 dominance. This is 
particularly true in CRS with nasal polyps.  S. aureus  induces an increased expression of Th2 cytokines, including IL-2, IL-4, 
and IL-5 [ 50 ] while reducing the impact of T regulatory cell cytokines such as transforming growth factor β1 and interleukin 10 
[ 51 ]. The clinical signifi cance of superantigen involvement in chronic rhinosinusitis is that the activation of T cells by superan-
tigen leads to a polyclonal stimulation of B cells, with recruitment of other infl ammatory cells such as eosinophils. Besides  S. 
aureus , other pyogenic Staphylococcal species such as  S. pyogenes  can also secrete enterotoxins. Concomitant fi ndings in 
patients with CRSwNP were the increase in IgE antibodies to  S. aureus  in nasal polyp tissue, an increase in IL-5, eotaxin and 
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eosinophil cationic protein (ECP) [ 52 ], and an increase in the number of T cells expressing the variable β-chain which is induced 
by enterotoxin [ 53 ]. A related staphylococcal enterotoxin, toxic shock syndrome toxin (TSST-1), has been found to be able to 
enhance Th2 responses by inducing expression of costimulatory molecules involved in T and B cell interactions [ 54 ].   

    The Role of Adaptive Immunity in Chronic Rhinosinusitis 

    Humoral Immunity 

 Antibody may play a role in certain types of chronic rhinosinusitis. Allergic fungal rhinosinusitis is generally considered to 
be a noninvasive form of chronic rhinosinusitis. It is a relatively rare disease and certain criteria need to be fulfi lled in order 
to make the diagnosis. The presence of fungal specifi c IgE and eosinophilic mucus are two of the immunologic criteria. 
Interestingly, culturing fungus from the sinuses by itself does not make the diagnosis of fungal sinusitis. In other words, the 
host response may be more important than the infectious agent. 

 But what about the role of adaptive immunity in non-fungal types of chronic rhinosinusitis, especially chronic rhinosinus-
itis with nasal polyps? Is this an allergic disease and is this mediated by IgE antibody, thus making a type 1 hypersensitivity 
disorder?  

    The Role of T Cells in Chronic Rhinosinusitis 

 The European position paper (E3POS) published in 2007 on chronic rhinosinusitis states that CRSwNP is primarily a Th2 
disease, with characteristics of eosinophilia, as well as a role for Th17 cells [ 55 ,  56 ]. The possibility that CRS is a T cell- 
driven disease has already been discussed above. 

 It has been shown that chronic rhinosinusitis may in fact be several different diseases, with different pathophysiologies. 
For example, CRSwNP is a Th2-mediated disease, whereas in the absence of nasal polyps, Th1 effects predominate. When 
comparing patients with chronic rhinosinusitis with nasal polyps (CRSwNP) and controls with allergic rhinitis, evidence of 
local receptor revision and IgE class switching was detected in those patients with CRSwNP, but not in the controls. In the 
CRSwNP patients, 30 % of plasma cells, B cells, and T cells in the polyp tissue expressed both RAG1 and RAG2. The switch 
to IgE production, as measured by mRNA concentrations of RAG1 and RAG2 in polyp tissue, correlated with the magnitude 
of the infl ammation as well as the presence in the nasal mucosa of  S. aureus  enterotoxin B-specifi c IgE [ 57 ]. 

 The regulation of T cells and the role of the various forms of T cells in chronic rhinosinusitis are complex. Chronic rhi-
nosinusitis is now believed to be a set of differing diseases (see Table  3.1 ) in terms of the type of phenotypic characteristics 
that may result from a predominance of one particular T cell activity. In general, Th1 or Th2 effects predominate in CRSsNP 
and CRSwNP, respectively, but what about the role of T regulatory cells and Th17 cells? Van Bruaene studied the cytokine 
profi les in CRSwNP, CRSsNP, and normal controls by examining direct tissue expression of the transcription patterns for 
Th1, Th2, Th17, and Treg cells. They found that the nasal tissue of patients with CRSwNP had a signifi cantly lower expres-
sion of TGF-β and FoxP3, but a higher expression of IL-5, IL-13, T-bet, and Gata-3 when compared to normal controls. The 
transcription pattern in CRSsNP showed a higher level of expression of TGF-β1 and interferon-γ, but there was no signifi cant 
difference in FoxP3, Gata-3, RORc, nor T-bet compared to controls [ 21 ].  

    Cytokines and Chemokines in Rhinosinusitis 

    Cytokines 

   TNF-α 

 TNF-α is a proinfl ammatory cytokine with numerous immunomodulating activities. Local increases in TNF-α production 
can lead to epithelial damage, disruption of normal pathways of apoptosis of olfactory neurons, and desensitization of 
odorant-induced signaling in the nasal passages. TNF-α also affects the normal function of cilia and damages respiratory 
mucosal lining, partly through its infl ammatory effects that lead to infi ltration of infl ammatory cells including neutrophils, 
lymphocytes, and monocytes. By this mechanism, it is thought that TNF-α has the ability to impair normal olfaction, a defect 
that is seen in many patients with CRSwNP [ 58 ,  59 ]. 
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 TNF-α effects result from the interaction with two different TNF-α receptors. Type I receptors (TNFR-I) are expressed by 
all human nucleated cells and are responsible for a broad range of activities. Type II receptors (TNFR-II) are detected in 
acute infl ammatory reactions and are expressed only by antigen-presenting cells and lymphocytes. A study of 36 patients 
with CRSwNP showed an eosinophilic, polymorphonuclear cell, and plasmacyte infi ltration into the subepithelial layer of 
infl amed nasal polyps [ 60 ]. The cellular infi ltrate was predominantly eosinophilic in 7 of the 36 patients with an absence of 
biofi lm. The specimens, obtained from endoscopic sinus surgery, demonstrated a neutrophilic infi ltration of the subepithelial 
layer that correlated with the presence of biofi lms. This was accompanied by an increased expression of TNFR-I and TNFR-II 
receptors. The upregulation of TNF-α/TNFR-I in cases with biofi lm presence indicates a proinfl ammatory pathophysiology 
in the formation of biofi lms, but the observation that the cellular infi ltrate is predominantly neutrophilic, and not eosino-
philic, suggests that cases with biofi lm formation may not be a result of a Th2 paradigm. It is interesting also to note that in 
most cases of CRSwNP, IL-4 and IL-5 are upregulated, while interferon-γ and TGF-β are downregulated (see below). 
Moreover, single-nucleotide polymorphisms in the genes encoding IL-1A, IL-1B, IL-4, and TNF have been detected in 
patients with CRSwNP and CRSsNP [ 61 ,  62 ]. 

 TNF-α also appears to temporarily stimulate the release of IL-18 (discussed below) from human neutrophils, with a rapid 
release and peak enhancement at 3 min with a return to baseline at 10 min [ 63 ]. Lipopolysaccharide (LPS) led to a much more 
sustained release of IL-18 from human monocytic THP-1 cells, and the effects of the stimulation could still be seen after 1 day [ 64 ].  

   TGF-β 

 TGF-β is a cytokine expressed by many cell types, including macrophages, and is known for its role in remodeling of tissues 
in a wide variety of diseases, including asthma, autoimmune diseases, cancer, and diabetes. It has a role in tissue remodeling 
as discussed earlier in this chapter. It interacts with many other cytokines in a complex manner. One of its primary roles is 
the differentiation of fi broblasts into myofi broblasts. TGF-β1, the primary isoform of this cytokine, exists in latent and active 
forms. Latency-associated peptide (LAP) and latent TGF-β-binding protein (LTBP-1) inhibit TGF-β1 from exerting its bio-
logical activity [ 65 ,  66 ]. Normally, only a fraction of TGF-β1 exists in the active form. Studies have shown that this is 
increased signifi cantly in CRS [ 67 ], and is believed to be part of the pathophysiology of the tissue remodeling process. 

 The regulation of TGF-β1 is under the control of a variety of factors, including integrins and proteases. These molecules 
play a role in determining how much of the latent form is rendered active. A link between the matrix metalloproteases and 
TGF-β has been found, suggesting that membrane type-1 MMPs may play a role in this regulation [ 68 ,  69 ]. Other com-
pounds that may regulate TGF-β1 include the aryl hydrocarbon receptor (AhR), which inhibits LTBP-1 transcription and 
maintains the gene in a suppressed state, thereby preventing the activation of TGF-β1 [ 70 ]. The different pathways in 
CRSwNP versus CRSsNP can possibly be explained by the fact that hypoxia-inducible factor 1α, a positive regulator of 
AhR, is increased in nasal polyp tissue compared to normal tissues [ 71 ]. Thus in CRSwNP, AhR is enhanced, leading to 
decreased activity of TGF-β1, whereas in CRSsNP, AhR is suppressed, resulting in overexpression of TGF-β1, leading to 
mucosal fi brosis by the mechanisms explained above [ 72 ].  

   IL-6 

 IL6 is known to activate Th17 cells. Among some of the other functions are B cell activation and regulation of T cells. IL-6 
exerts its effects via STAT3 after binding to the IL-6 receptor, IL-6R, with the resulting complex binding to glycoprotein-130 
(gp130), a 130-kd signaling molecule. Alternatively, IL-6R can engage mechanisms of trans-signaling in cells that do not 
have the IL-6R by binding to soluble IL-6R (sIL-6R) which can then complex with membrane bound gp130. 

 Il-6 has been studied in chronic rhinosinusitis because of its known role in the pathogenesis of infl ammatory diseases. The 
level of sIL-6R was found to be increased in polyp tissue compared to normal control tissue. There was no difference in the 
level of expression of IL-6 secreted by epithelial cells from either the uncinate process or inferior turbinate in patients with 
CRS versus normal controls. Interestingly, the level of STAT3, a key component of the signaling pathway for IL-6, was actu-
ally reduced in nasal polypoid tissue compared to normal tissue. The authors concluded that although there are elevated levels 
of sIL-6R and IL-6 in nasal polyp tissue of patients, this did not seem to infl uence STAT3-related signaling pathways. 

 Since there may in fact be a blunting of the STAT3 signaling pathway, it has been hypothesized that this would impair 
Th17 activity and that this could be the mechanism for increased risk for recurrent infection in patients with CRSwNP. On 
the other hand, there seems to be confl icting evidence as to whether IL-6 plays a stimulatory role or an inhibitory role in the 
regulation of infl ammation in chronic rhinoconjunctivitis with nasal polyps. In fact, both elevations in proinfl ammatory mol-
ecules and downregulatory molecules have been identifi ed [ 73 ].  
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   IL-17 

 The IL-17 family of cytokines includes IL-17A through F. IL-17A is a major cytokine secreted by Th17 cells that plays a role 
in many infl ammatory and autoimmune diseases. In patients with chronic rhinosinusitis with nasal polyps, IL-17A correlated 
with the serum levels of the acute phase protein serum amyloid A (SAA) [ 74 ]. This protein functions to induce chemotaxis, 
adhesion, and infi ltration of monocytes and polymorphonuclear leukocytes [ 75 – 77 ].  

   IL18 

 IL-18 is a proinfl ammatory cytokine belonging to the IL-1 family. IL-18 has a role in the stimulation of SEB-induced expres-
sion of IL-5, IL-13, and IFN-γ. Blocking IL-18 suppresses this stimulation. IL-18 has been detected in the culture superna-
tants from dispersed nasal polyp cells and uncinate tissue in patients with chronic rhinosinusitis when compared to non-CRS 
patients. The clinical signifi cance of the observed increase in IL-18 expression was supported, though not conclusively, by 
the observation of a correlation with local eosinophilia and the severity of the sinusitis as indicated by computed tomography 
(CT) scan. Immunohistochemical studies indicated that epithelial cells (cykeratin   +) and macrophages (CD68+) expressed 
IL-18. Other cells that expressed IL-18, were CD79a+ B cells and plasma cells, CD4+ cells, and vimentin+ cells (fi broblasts 
and vascular endothelial cells). Interestingly, cells that did not express IL-18 included eosinophils (EG2+), mast cells (trypt-
ase+), and neutrophils (elastase+) [ 78 ]. The release of IL-18 is triggered by exposure to chemical and physical stresses on 
the nasal epithelium. This activation is thought to be driven by the NLRP3 infl ammasome, which activates IL-18 from pro-
IL18 via a caspase1-dependent pathway [ 79 ]. 

 Because IL-18 appears to be able to induce the expression of the Th2 cytokines IL-5 and IL-13, but also the Th1 cytokine 
IFN-γ, it is unclear of the predominant infl uence of IL-18 on Th1/Th2 balance. It is now thought that IL-18 enhances both 
Th1 and Th2 pathways, but to make this even more complicated, IL-18 also appears to be able to enhance the production of 
IL-17A in both in vivo and in vitro systems [ 80 ,  81 ].  

   IL-19 

 IL-19 belongs to the IL-10 family of cytokines. A study of the role of IL-19 was triggered by the concept of the United 
Airway discussed in Chap.   11    . IL-19 was found to be upregulated in asthma by Asthma Gene Array. Subsequently, IL-19 
gene expression was found to be increased in chronic rhinosinusitis with nasal polyps patients over normal controls. IL-19 
levels were also found to be elevated in the nasal epithelium of patients with CRSwNP [ 82 ]. The role of IL-19 in chronic 
rhinosinusitis is still not entirely clear. There is some evidence that IL-19 downregulates eotaxin production in patients with 
allergic rhinitis, by decreasing IL-4 in human nasal fi broblasts. On the other hand, IL-19 has been shown to be a pro-Th1 
cytokine by upregulating IL-4 and downregulating interferon-c [ 83 ,  84 ]. Others have proposed that IP-10 and IL-8 can be 
induced by  S. aureus  enterotoxin B, leading to an increased infl ammatory response, and that LPS stimulation increased 
expression of IL-19 in monocyte cultures via TLR4 and MyD88 signaling [ 85 – 88 ]. Despite its classifi cation as an IL-10 
family cytokine, IL-19 does seem to possess proinfl ammatory activity and is produced by synovial cells, whereupon it can 
induce IL-6 production and decrease synovial cell apoptosis, resulting in joint infl ammation in rheumatoid arthritis [ 89 ]. 
IL-19 expression is increased in patients with CRSwNP, along with IL-5, IL-13, and GATA-3. IL-19 was also able to stimu-
late nasal epithelial cell proliferation, which was blocked by a tyrosine kinase inhibitor, herbimycin. Finally, it was also 
demonstrated in the same study that IL-19 highly co-expressed with Ki67 in patients with CRSwNP [ 22 ]. Ki67 is a nuclear 
protein encoded by the  MKI67  gene that is necessary for cell proliferation [ 90 ].  

   IL-32 

 IL-32 is a proinfl ammatory cytokine that exists in multiple isoforms. Other functions include regulation of cytokine produc-
tion and apoptosis. It also has a role in infl ammasome-related stimulation of IL-1β production via caspase-1. Like IL-18, 
IL-32 has been implicated in autoimmune and allergic diseases. In a study of nasal epithelial cells from patients with CRS 
and control subjects, the level of IL-32 was found to be high in those patients with CRS without nasal polyps compared with 
those who had nasal polyps. IL-32 is induced by TNF, IFN-γ, and double-stranded RNA. IL-32 was found to be present in 
the epithelial cells, as well as infl ammatory cells in the lamina propria. The precise role of IL-32 in the pathogenesis of 
chronic rhinosinusitis is not clear, nor is its clinical signifi cance in the disease [ 91 ].   
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    Chemokines 

   CCL18 

 CCL 18 is also known as pulmonary and activation-regulated cytokine (PARC), as well as AMAC-1, DC-CK1, and MIP-4. 
CCL18 is a T cell chemokine, attracting Th2 cells, skin-homing memory T cells, and naïve T cells. It is also chemotactic to 
immature dendritic cells. CCL18 is increased in patients with autoimmune and allergic diseases, and it is expressed in thy-
mus, lymph nodes, and the lung. In one study, CCL18 was found to be increased in patients with chronic rhinosinusitis with 
nasal polyps. CCL18 in the nasal polyps of these patients was found to co-localize in CD68+/CD163+/macrophage mannose 
receptor-positive M2 macrophages as well as tryptase-positive mast cells. M2 macrophages are thought to be the primary 
producer of CCL18 in patients with CRSwNP as CCL18 levels are associated with markers of M2 macrophages [ 24 ].  

   CCL23 

 In humans, CCL23, also known as myeloid progenitor inhibitory factor 1, chemokine b8, or macrophage infl ammatory pro-
tein 3, has been found to be a chemoattractant for lymphocytes, monocytes, and dendritic cells. It exerts its activity by inter-
acting with its ligand CCR1. These activities include endothelial cell migration, angiogenesis, and tube formation. CCL23 
also suppresses monocyte and granulocyte precursors and has been implicated in allergic diseases such as eczema and auto-
immune diseases such as rheumatoid arthritis and systemic sclerosis. The CCL23 level in nasal tissue was also found to be 
elevated in four patients with eosinophilic chronic rhinosinusitis with nasal polyps [ 92 ]. The numbers are small in this study, 
so it remains to be seen whether this fi nding is clinically signifi cant, but it suggests that CCL23 may play a role in CRSwNP 
by recruiting CCR1+ infl ammatory cells such as monocytes and macrophages.    

    Secretoglobins in Rhinosinusitis 

 There are nine secretoglobins, small dimeric proteins whose function is not clearly understood. Some have been associated 
in certain cancers, while others have been implicated in the regulation of immune function [ 93 ,  94 ]. Two of these small mol-
ecules, the Clara cell 10-kd protein (CC10) and the uteroglobin-related protein 1 (UGRP1), appear to have anti-infl ammatory 
effects on airway infl ammation in a mouse model. These two proteins share signifi cant homology and are primarily expressed 
by secretory epithelium, and expression of CC10 has been associated with asthma and chronic rhinosinusitis [ 95 – 98 ]. 

 The expression of secretoglobins appears to be in part regulated by various cytokines. In a study of nasal mucosa tissue 
from patients with chronic rhinosinusitis, the mRNA expression of secretoglobins other than CC10 in nasal mucosa could be 
detected. It was found that the expression of UGRP1 was enhanced by interferon-γ, but inhibited by IL-1β, TNF-α, IL-4, and 
IL-13 [ 99 ]. In both CRSwNP and CRSsNP, UGRP1 expression was decreased compared to “normal” controls, namely, 
patients without any sinus disease who underwent septoplasty or turbinectomy for obstruction only. This suggests that 
UGRP1 has an anti-infl ammatory effect, as reduction of mRNA expression of UGRP1 seems to correlate inversely with a 
number of infi ltrating cells, symptoms scores, and other measures of disease. The fact that Th2 cytokines inhibit UGRP1 
expression is consistent with the signifi cant role of Th2 cytokines in CRSwNP, though not consistent with CRSsNP, which 
is thought by some investigators to be more of a Th1-mediated disease process.   

    Conclusion 

 Despite the many recent discoveries described above, the causative agent or condition that ultimately drives the epithelium 
to promote leakage and/or proinfl ammatory cytokine production remains largely unknown. Just as CRS appears to be a het-
erogeneous group of airway diseases, we have seen that the sources of CRS also demonstrate similar diversity in potential 
causes. Genetic sources and epigenetic changes defi ning epithelial integrity are clearly involved and can be found enhancing 
infl ammation. Whatever the trigger, there is ample evidence that a diminished innate immune response and diminished bar-
rier function can have severe consequences. Observations of diminished barrier function, proinfl ammatory cytokine produc-
tion, and reduced levels of antimicrobial peptides in CRS might be compatible with the leading theories of the pathogenesis 
of CRS discussed above [ 100 ]. 
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 If the immune barrier function is indeed disrupted, then sensitization to ambient fungi such as  Alternaria  or  Aspergillus  
species, another subgroup of CRSwNP, would be more likely to occur as a result of increased penetration of fungal allergens. 
Enhanced penetration would be particularly damaging if genetic-based defects lead to inhibition of fungal or host proteases 
that activate epithelial cells and increase their permeability. Likewise, reduced levels of key antimicrobial peptides, such as 
S100A7 and calprotectin mentioned above, could increase the likelihood of bacterial colonization in the upper airways, even 
if this does not lead to acute sinus disease. We have seen that poor expression of both S100A7 and calprotectin might lead to 
inadequate innate resistance to diverse strains of extracellular and intracellular bacteria. Increased colonization of the upper 
airways with bacteria and fungi or increased epithelial permeability and/or permeability by bacteria such as  Staphylococcus  
or fungi like  Aspergillus  might explain the exaggerated immune response that is observed in patients with CRS. In future 
studies, it will be important to determine whether defects in barrier function serve as a primary promoter in the pathogenesis 
of CRS and/or whether barrier dysfunction renders the host susceptible to colonization by pathogens, setting the stage for a 
heightened infl ammatory response, tissue damage, and, in some circumstances, polyp formation. 

 The enhanced infl ammatory response generated from cytokine release from airway epithelial cells such as TSLP (and 
Th1/Th2 activation) or lack of TGF-β1 regulatory function can be further amplifi ed though increased access of antigenic 
material to the submucosal tissue. We now know that multiple cytokines and chemokines infl uence the cellular infi ltrate and 
local immunologic status of the nose and paranasal sinuses. We also know that the innate and adaptive immune system regu-
late each other. The relationship between the components of and within these two systems are numerous and complex. 
A better understanding of these relationships will ultimately improve our treatment of the various forms of rhinosinusitis.     
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    Chapter 4   
 Structural Anomalies of the Nose and Sinuses in Patients 
with Rhinosinusitis 

             Vijay     R.     Ramakrishnan     ,     Todd     T.     Kingdom     , and     Richard     R.     Orlandi     

           Introduction 

 Acute    and chronic rhinosinusitis are different disease processes thought to result from different mechanisms [ 1 ]. Acute rhi-
nosinusitis (ARS) is considered primarily an infectious disease, where initial mucosal injury occurs from any number of 
processes, allowing for subsequent development of an acute viral or bacterial infection. Recurrent episodes of ARS (RARS) 
and chronic rhinosinusitis (CRS) likely have more etiologic factors that result in more frequent bacterial infections and a 
chronic infl ammatory state. 

 The anatomy and embryology of the nose and sinuses are fairly consistent, although subtle variations commonly occur. 
Many of these variations have been considered contributing factors to recurrence and prolonged duration of infections. 
Alternatively, such anatomic variations can possibly contribute to symptoms related to ARS or CRS, even when active infec-
tion is not present. If patient anatomy were the predominant or sole factor in rhinosinusitis, then surgery would be curative. 
Unfortunately, surgery is rarely  curative , but in many patients it can be quite helpful for management of symptoms. 

 When considering anatomic structures that can predispose to rhinosinusitis, the anatomy and physiology of the nasal cav-
ity and paranasal sinuses must be remembered. Ciliated respiratory epithelium lines the nasal cavity and sinuses, and func-
tional mucosa actively directs mucus from the sinuses through narrow drainage pathways into the nasal cavity toward the 
nasopharynx. Historically, great emphasis has been placed on the osteomeatal complex (OMC) as the site of primary interest 
for sinonasal pathology causing rhinosinusitis, with anatomic abnormalities in this region as potential contributors to the 
development of disease. The OMC is a functional unit more than a distinct anatomic structure and is centered on the ethmoid 
infundibulum, thus affecting the anterior ethmoid and maxillary sinuses and possibly the frontal sinus. Disease at the OMC 
is perhaps an oversimplifi ed theory of rhinosinusitis pathogenesis, but optimal sinonasal function relies upon patency of 
these narrow drainage pathways, absence of infl ammation, and absence of infection. 

 In this chapter, we will discuss common anatomic abnormalities that may predispose patients to ARS, RARS, or CRS.  

    Nasal Septum 

 Septal deviation has long been thought of as a possible anatomic factor contributing to rhinosinusitis. Septal deviation can 
lead to alterations in airfl ow dynamics [ 2 ], changes in mucociliary clearance [ 3 ], and in severe cases can lead to frank 
obstruction of the osteomeatal complex (Fig.  4.1 ) .  The diagnosis of “deviated septum” actually describes a number of pos-
sible confi gurations that can widely vary in severity. The presence of septal deformity is quite common, with only 21 % of 
adults having a straight septum [ 4 ]. The confi guration of a deviated septum may demonstrate a broad deviation, spur, or frank 
fracture (Figs.  4.2  and  4.3 ). The location of the deviation and variance from midline may help predict alterations in airfl ow 
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  Fig. 4.1    Airfl ow patterns are illustrated in this endoscopic 
view of a right nasal cavity immediately after several hours of 
commercial painting. This shows particulate deposition on the 
anterior face of the middle turbinate ( MT ) and to a lesser 
degree on the lateral nasal wall ( LNW ). Septal deviation ( S ) is 
present and the inferior turbinate ( IT ) is relatively normal in 
appearance       

  Fig. 4.2    Chronic rhinosinusitis   , predominantly on the left side, 
associated with a deviated septum and prominent septal spur 
(dotted circle)       

  Fig. 4.3    After topical decongestion, the endoscopic view of 
the left nasal cavity shows a deviated septum with a prominent 
septal spur (*) impinging upon the inferior turbinate at the 
attachment of the uncinate process       
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or potential for narrowing of sinus outfl ow pathways. Adjacent portions of the septum may defl ect to the opposite side, espe-
cially in the setting of posttraumatic septal deformity. Not infrequently, the inferior turbinate or middle turbinate is enlarged 
on the side opposite to the deviation, a fi nding referred to as compensatory turbinate hypertrophy. This may be a physiologic 
change resulting from increased airfl ow through the more open side (Fig.  4.4 ) . 

      Increasing severity of the septal deformity is statistically more associated with the likelihood of rhinosinusitis, but the 
degree of correlation is relatively low [ 5 ,  6 ]. Curiously, in these two studies, the prevalence of associated rhinosinusitis was 
similar on both the concave and convex sides of the deviation. This fi nding suggests that the mechanism is not simply septal 
deviation causing OMC obstruction and associated rhinosinusitis. Recently, a systematic review was conducted to determine 
the effect of septal deviation on the development of rhinosinusitis [ 7 ]. Including fi ve studies (1,621 subjects) with similar 
methods, septal deviation was strongly associated with rhinosinusitis ( p  = 0.004), but the overall effect was relatively low 
(odds ratio = 1.47). 

 Septal perforation may be noticed on physical examination, endoscopy, or imaging. Septal perforations are most com-
monly associated with trauma, prior septal surgery, or intranasal drug use. However, irregular tissue around the perforation 
or concurrent irregularities of the nasal cavity or sinuses may suggest the possibility of autoimmune vasculitis such as 
Wegener granulomatosis. In a prospective study of newly diagnosed septal perforations, over half of the patients met criteria 
for diagnosis of concurrent CRS, but the presence of a septal perforation did not appear to worsen sinonasal symptoms in 
those patients [ 8 ]. If discovered, the clinician should attempt to establish an etiology for the septal perforation, and if none 
can be identifi ed on history, the need for laboratory workup or biopsy should be entertained (Fig.  4.5 ).

  Fig. 4.4    T1-weighted    coronal MR showing a left-sided septal 
deviation and compensatory inferior turbinate hypertrophy on 
the contralateral side (dotted box). There is mild infl ammation 
in the ethmoid sinus ( E ) on the right side as well       

  Fig. 4.5    Coronal CT scan of a patient with an asymptomatic 
perforation related to prior septoplasty and sinus surgery. There 
is persistent sinus disease unrelated to the septal perforation 
(box)       
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       Middle Turbinate Variants 

  Concha bullosa  refers to aeration of the lower bulbous portion of the middle turbinate, although some use it to describe aera-
tion of any portion of the middle turbinate. When the vertical lamella of the middle turbinate is pneumatized, this should be 
referred to as an interlamellar cell [ 9 ]. The interlamellar cell is not thought to have any real effect on sinusitis, although it has 
not been specifi cally studied. 

 As varying defi nitions have been used for the concha bullosa, its estimated incidence has ranged from 14 to 53 % in the 
literature depending on the defi nition used. Concha bullosa has been theorized to develop embryologically as pneumatization 
of the middle turbinate (third ethmoturbinal) in the presence of a septal deviation, as the two are tightly associated in radio-
graphic study [ 10 ]. In this observational study of patients undergoing CT scans of the sinuses, 44 % of 998 patients had at 
least one concha bullosa, and 21 % had bilateral concha. There was a signifi cant association between dominant concha and 
contralateral septal deviation ( p  < 0.0001); however, the presence of a dominant concha was not associated with same-sided 
or general sinus infl ammatory disease. In comparing CT scans of 166 CRS patients to 36 healthy controls, Bolger and col-
leagues noted the presence of a pneumatized middle turbinate to have a greater prevalence in symptomatic patients ( p  = 0.042) 
[ 11 ]. The truth is likely somewhere in between. In total, a concha bullosa deformity may contribute to nasal airway obstruc-
tion but appears to have little effect on sinus health. However, large ones may actually contribute to osteomeatal obstruction 
and associated sinusitis (Fig.  4.6 ) [ 12 ].

   The  paradoxical  middle turbinate is one in which the para sagittal anterior third of the turbinate curves in a convex fashion 
laterally (Fig.  4.7 ). This confi guration can be mildly bothersome surgically, as it narrows the operative corridor, and may 
potentially be a risk factor for postoperative scarring. It is not known to be associated with sinusitis, although this anatomic 
fi nding has not been specifi cally studied.

       Maxillary and Frontal Sinus Drainage Pathways 

 In theory, narrow drainage pathways could predispose to recurrent or prolonged infections, as mild infl ammatory stimuli may 
result in impaired mucociliary clearance, stagnant secretions, and alterations in the local microenvironment (pH, oxygen 
tension, etc.) (Fig.  4.8 ). Functional cilia of the maxillary sinus directly fl ow toward the natural ostium into the ethmoid infun-
dibulum. This course may be altered by a number of anatomic anomalies such as the infraorbital ethmoid (Haller) cell, or it 
may be naturally narrow (Fig.  4.9 ). In a retrospective case-control study comparing control patients to those with RARS, the 
width of the ethmoid infundibulum was found to be approximately 40 % wider in patients who were free from disease [ 13 ].

    An additional factor that may compromise normal mucociliary fl ow from the maxillary sinus is the presence of an acces-
sory ostium. Maxillary sinus fontanelles may be present in the lateral nasal wall. These are defi ned as areas where no bone 

  Fig. 4.6    A large concha bullosa (*) is seen on the right in this 
patient, with associated infl ammation in the anterior ethmoid 
sinus and frontal recess. The left side shows an accessory 
frontal cell (#) which is associated with mild infl ammatory 
disease       
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is present, and only a periosteal layer separates the mucosa of the maxillary sinus from the nasal cavity. Accessory ostia can 
be present at the anterior fontanelle (anterior and inferior to uncinate process) or, more commonly, the posterior fontanelle 
(superior and posterior to uncinate process) (Figs.  4.10  and  4.11 ) [ 9 ]. Because natural mucociliary fl ow is directed toward 
the natural ostium, the presence of these accessory ostia at the fontanelles can result in a recirculation phenomenon or can 
lead the surgeon to misplace the maxillary antrostomy.

  Fig. 4.7    Coronal CT scan showing paradoxic curvature of the 
right middle turbinate (*). Incidental maxillary sinus mucous 
retention cysts are seen in the fl oor of the maxillary sinuses. In 
general, these are asymptomatic and can be observed       

3. Mucus stagnation and altered
local microenvironment

6. Worsened mucosal thickening

5. Infection and
inflammation

4. Injury to cilia and
epithelium 2. Ostium closes

1. Mucosal congestion and/or
anatomic obstruction blocks

airflow and drainage

  Fig. 4.8    Narrow drainage pathways 
can predispose to ostial closure, 
which may lead to a number of 
downstream effects resulting in 
acute, recurrent, or chronic 
 rhinosinusitis (Adapted from 
Gwaltney et al. [ 34 ] with permission 
from  Annals of Otology, Rhinology 
& Laryngology )       

  Fig. 4.9    Coronal CT scan demonstrating paranasal sinus 
infl ammation associated with an involved Haller (infraorbital 
ethmoid) cell (#). There is also a right interlamellar cell (*). 
This is not truly a concha bullosa, as the inferior aspect of the 
middle turbinate is not pneumatized       
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    The anatomy of the frontal sinus and its outfl ow pathway has been extensively studied in anatomic specimens and radio-
graphic review, including three-dimensional modeling. This anatomy can range from fairly simply to quite complex, as the 
frontal sinus drainage into the ethmoid infundibulum can be narrowed by a number of accessory cells or have a decreased 
anterior-posterior diameter that results from a prominent nasofrontal beak (Fig.  4.12 ). Understanding the detailed anatomy 
of each specifi c accessory cell (agger nasi, frontal types 1–4, supraorbital, interfrontal sinus, suprabullar, frontobullar) is less 
imperative in the initial evaluation of sinusitis, but extremely relevant for frontal sinus surgery [ 14 ]. The presence and degree 
of pneumatization of these cells are a potential anatomic risk factor for impaired frontal sinus drainage (Fig.  4.13 ). In a ret-
rospective study of 179 CT scans obtained for sinus-related complaints, type 1–4 frontal cells were identifi ed in 40 % of 
sides, and other accessory cells were less frequently identifi ed [ 15 ]. Radiographic evidence of frontal sinusitis was seen in 
14 % of sides, and 77 % of these had accessory frontal cells. In multivariate analysis, suprabullar and supraorbital ethmoid 

  Fig. 4.10    Endoscopic view of right-sided nasal anatomy in an asymptomatic patient. Normal structures are identifi ed ( left ), including the uncinate 
process ( U ), ethmoid bulla ( EB ), middle turbinate ( MT ), and septum ( S ). There is a posterior fontanelle with an accessory maxillary ostium present, 
through which the posterior maxillary sinus wall can be seen ( right , enlargement of box from left photo)       

  Fig. 4.11    Endoscopic view of the left maxillary sinus ( M ) in a 
previously operated patient, using an angled telescope. The 
uncinate process has been removed and residual tissue is noted 
between the natural ostium of the maxillary sinus ( circle , 
anteriorly) and the larger surgical antrostomy ( box , 
posteriorly). As mucociliary fl ow is directed at the natural 
ostium, it fl ows back over the surgical opening and can result 
in a “recirculation phenomenon”       
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cells and the recessus terminalis were fi ndings associated with frontal sinus disease. Additionally, suprabullar and frontobul-
lar cells were found to signifi cantly narrow the anterior-posterior dimension. However, in a second retrospective study of 
patients undergoing sinus surgery, accessory frontal cells were identifi ed in 33 % of all patients. In this study, their presence 
was not associated with a higher incidence of radiographic frontal disease, leading the authors to conclude that underlying 
mucosal infl ammation was likely more important than strict bony anatomy [ 16 ].

        Accessory Ethmoid Cells 

 The  infraorbital ethmoid cell , also called the Haller cell after his original description in the eighteenth century [ 17 ], is an 
accessory ethmoid cell that occurs in 10–45 % of patients depending on the exact defi nition [ 11 ,  18 ]. It originates from the 
medial fl oor of the orbit and forms the medial roof of the maxillary sinus. Because of its location at the lateral margin of the 
ethmoid infundibulum near the natural ostium of the maxillary sinus, its presence can potentially narrow the maxillary outfl ow 
tract, contributing to chronic maxillary sinusitis or recurrent acute maxillary sinusitis (Fig.  4.14 ) [ 13 ,  19 ]. In retrospective 
reviews of sinus CT scans, a general association of Haller cell presence and maxillary sinusitis is not found, but when closely 
examined, an association can be identifi ed in medium and large Haller cells when compared with smaller ones [ 11 ,  20 ].

  Fig. 4.12    Axial CT scans of a patient with chronic frontal sinusitis. Narrow anterior-posterior diameter is noted and results from a prominent 
nasofrontal beak (*) and protuberance of the anterior fossa ( arrows )       

  Fig. 4.13    Coronal CT scan of a patient presenting with 
episodic left frontal barosinusitis. An accessory frontal cell 
(type 3, *) narrows the frontal outfl ow tract, and mild mucosal 
infl ammation is noted in this region       
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   The  agger nasi  refers to the most superior remnant of the fi rst ethmoturbinal, which forms a mound at the anterior superior 
insertion of the middle turbinate [ 9 ]. It is considered the most consistent ethmoid cell although its size is variable, and on CT 
scan the agger nasi cell can almost always be identifi ed. A large agger nasi cell can potentially narrow the frontal outfl ow 
tract and predispose to recurrent frontal disease similar to other accessory frontal cells (Fig.  4.15 ) .  The agger nasi cell is a 
critical cell to address in frontal sinus surgery, as incomplete removal of this cell is often found in revision frontal surgery 
procedures [ 21 ].

   The  sphenoethmoidal cell , or Onodi cell, is a pneumatized posterior ethmoid cell that extends posteriorly, superiorly, and 
laterally into the sphenoid sinus (Fig.  4.16 ). This cell does not particularly affect any physiologic drainage pathway, but is of 
surgical relevance because of its intimate relationship with the optic nerve and carotid artery. As a result, it is not generally 
associated with sinusitis but can be associated with major surgical complications when unrecognized [ 22 ].

       Sinus Pneumatization 

 The degree of paranasal sinus pneumatization is not known to affect the incidence or degree of sinusitis but may have some 
level of importance in the management of the disease. Hypoplastic, or poorly pneumatized, sinuses occur infrequently in the 
normal population and are more often noted in the frontal and sphenoid sinuses rather than the maxillary. Due to the relative 
infrequency, chronic sinus disease associated with this fi nding must raise the suspicion of disease processes such as cystic 

  Fig. 4.14    An infraorbital ethmoid cell (Haller cell, *) is seen 
on the right side in this patient with chronic rhinosinusitis. This 
cell may be identifi ed on a normal CT scan in patients with 
RARS       

  Fig. 4.15    The presence of a large agger nasi cell ( asterisks ) 
may narrow the frontal outfl ow pathway ( arrow )       
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fi brosis, primary or secondary ciliary dyskinesia, and immunodefi ciency syndromes which may have been present during 
development of the frontal and sphenoid sinuses during adolescence and young adulthood [ 23 ]. The majority of frontal and 
sphenoid sinuses in cystic fi brosis patients are hypoplastic or aplastic, and this fi nding appears to be common in those 
patients with more severe genotypes such as delta F508 homozygotes [ 24 ,  25 ]. From a therapeutic standpoint, small or hypo-
plastic sinuses may be particularly challenging to maintain patency after frontal sinusotomy. This is of particular note in the 
cystic fi brosis population, where this fi nding is more frequent and severe chronic infl ammatory disease persists after surgical 
intervention (Fig.  4.17 ).

  Fig. 4.16    Intraoperative photograph after left Onodi cell has been opened and marsupialized into the sphenoid sinus. The target is at the optic 
nerve (*)       
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   In contrast, hyperpneumatization of the paranasal sinuses may also occur (Fig.  4.18 ). Again, this has not been the subject 
of formal study, but one would assume that hyperpneumatization of the sinuses does not predispose to rhinosinusitis. 
However, if infection were to occur, there would be very little anatomic separation of the infectious process to critical orbital 
or neurovascular structures. Congenital bony dehiscences of the orbit or skull base are rare, but extensive paranasal sinus 
pneumatization may expose the optic nerve, maxillary branch of the trigeminal nerve (V2), vidian nerve, carotid artery, and 
cavernous sinus by “skeletonizing” these structures (Fig.  4.19 ). Though it has been suggested infectious complications such 
as blindness, meningitis, and cavernous sinus thrombosis may be more common in such situations, there is no concrete data 
to support this contention (Fig.  4.20 ).

  Fig. 4.17    Coronal CT images demonstrating hypoplastic frontal sinuses in a patient with cystic fi brosis       

  Fig. 4.18    Extreme hyperpneumatization of the sinuses in a 
patient without sinus disease. Bilateral concha bullosa are 
present (*), as well as extensive lateral pneumatization of the 
orbital plate of the frontal bone and the crista galli of the 
ethmoid bone (#)       
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  Fig. 4.19    Coronal CT demonstrating hyperpneumatization of 
the sphenoid sinuses. The anterior clinoid process is 
pneumatized, creating prominence of the optic nerve and carotid 
artery. Due to pneumatization of the lateral (pterygoid) process 
of the sphenoid sinus, the vidian nerve and the maxillary branch 
of the trigeminal nerve (V2) near the cavernous sinus are 
exposed ( P  pterygoid process,  O  optic nerve,  C  carotid artery, 
 arrowhead  vidian nerve,  open arrow  V2)       

  Fig. 4.20    Coronal CT scan of woman presenting with chief 
complaint of right-sided vision loss. Pneumatization of the 
Onodi cells into the anterior clinoid process leaves the optic 
nerves exposed ( arrows ). She was ultimately found to have 
chronic noninvasive fungal sinusitis       

         Neighboring Areas 

 The adenoid may play a role in some patients with ARS, RARS, or CRS, particularly in the pediatric population. This 
mucosa-lined lymphoid tissue in the nasopharynx may contribute to disease either by obstruction of drainage and airfl ow or 
by serving as a biofi lm reservoir for recurrent infection (Fig.  4.21 ). Large adenoids can certainly contribute to nasal obstruc-
tion, congestion, and drainage, three of the top fi ve symptoms encountered in adult CRS [ 1 ]. Although a large adenoid can 
contribute to physical obstruction, adenoid size does not appear to correlate with degree of infection, at least in the pediatric 
population [ 26 ,  27 ]. When examined with regard to microbial presence, the adenoid core had a positive predictive value of 
92 % and a negative predictive value of 84 % in forecasting the middle meatal culture result, implying that it may serve as a 
reservoir for bacteria relevant to sinus disease [ 28 ]. In addition to simply harboring bacteria, the adenoid may be colonized 
with bacterial biofi lms in the disease state, irrespective of its size and endoscopic appearance, perhaps serving to explain why 
adenoidectomy is a potential treatment for CRS in children. According to this hypothesis, bacterial biofi lms would be diffi -
cult to permanently eradicate from the adenoid and would periodically shed planktonic bacteria leading to recurrent acute 
infections. In a small study comparing mucosal surface biofi lms in adenoids from children with CRS or obstructive sleep 
apnea (OSA), CRS patients had an average of 94.9 % adenoid surface area biofi lm compared to an average of 1.9 % in OSA 
patients [ 29 ]. This is certainly interesting, and as bacterial biofi lms appear to be more relevant in otolaryngic diseases such 
as chronic otitis media, further investigation is required to prove causation rather than association of these fi ndings (Fig.  4.22 ). 
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Additionally, adenoiditis—either acute or chronic—can mimic many of the symptoms of rhinosinusitis. The adenoid should 
therefore be considered in the evaluation of pediatric patients with ARS, RARS, or CRS.

    The close proximity of tooth roots to the maxillary sinus may also lead to secondary sinus infections, and as such, dental 
disease should be suspected in isolated maxillary or unilateral sinus disease. Odontogenic sinusitis is estimated to account 
for 10–12 % of maxillary sinus infections, and this etiology should be established because the bacteria present will more 
likely be polymicrobial with a high concentration of anaerobes [ 30 ]. Thorough patient history may provide clues to an odon-
togenic source, including known dental disease, prior oral surgical procedures, or presence of an oroantral fi stula. Severe 
maxillary sinus infections are often associated with oroantral fi stula and periodontal disease, and the degree of radiographic 
opacifi cation correlates with the likelihood of an odontogenic source [ 31 ]. Orbital and intracranial infectious complications 
of sinusitis are fortunately quite rare but commonly demonstrate oral fl ora on cultures, implying that dental disease may be 
a risk factor. Interestingly, dental disease is frequently missed on dental X-rays and initial sinus CT reports by radiologists 
[ 32 ]. This is perhaps due to low sensitivity of dental plain fi lm X-rays when compared to CT for examination of the dental 
roots and periapical space and low index of suspicion from radiologists who may be primarily examining the sinuses [ 33 ]. 
The presence or absence of dental disease is important to identify, because incomplete disease resolution would be expected 
if only the sinuses are managed and the origin of disease is left untreated (Figs.  4.23  and  4.24 ) . 

  Fig. 4.22    Scanning electron microscopy (SEM) demonstrates 
biofi lm presence on sinonasal mucosa (Courtesy of Noam 
Cohen, MD, PhD, University of Pennsylvania)       

  Fig. 4.21    Endoscopic appearance of a prominent adenoid as 
seen through the left nasal cavity ( S  septum,  A  adenoid,  MT  
middle turbinate,  IT  inferior turbinate)       
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        Conclusion 

 Structural abnormalities of the nose and sinuses exist in many patients. A number of anatomic abnormalities or variants can 
contribute to the development of rhinosinusitis. The overall clinical effect of such variants is relatively mild; however, in 
many patients identifi cation and treatment may be expected to yield signifi cant improvement. The clinician who treats sinus 
disease can identify many of these abnormalities with thorough history and physical examination and endoscopy if available. 
Radiology reports from sinus CT scans may overlook many of these fi ndings, and accordingly the clinician is recommended 
to personally review images whenever possible. Consideration of the role of structural abnormalities in a given patient with 
sinusitis will contribute to consistently favorable clinical outcomes.     

  Fig. 4.23    Unilateral maxillary sinusitis associated with periapical abnormality. Oral examination shows a tender pustule at the gingiva overlying 
diseased 2nd maxillary molar ( left ). The CT scan ( right ) shows a periapical lucency (box) after prior root canal, which was not seen on dental X-ray       

  Fig. 4.24    Transoral view of right oroantral fi stula found lateral to 2nd molar after dental procedure ( left ), with corresponding endoscopic view 
demonstrating edema at the middle meatus ( S  septum,  MT  middle turbinate,  IT  inferior turbinate)       
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    Chapter 5   
 Microbiology of Acute, Subacute, and Chronic Rhinosinusitis 
in Children 

             Gregory     P.     DeMuri       and     Ellen     R.     Wald     

           Introduction 

 An understanding of the microbiology of acute bacterial sinusitis in children is key to making decisions about antimicrobial 
selection. Most work in this area has focused on acute bacterial sinusitis, with fewer studies addressing subacute and chronic 
sinusitis in children. Since the routine use of conjugate pneumococcal vaccines in 2000 and the emergence of  Streptococcus 
pneumoniae  which were highly resistant to penicillin, there has been renewed interest in determining the microbiology and 
epidemiology of sinusitis. This chapter will focus primarily on the microbiology of acute sinusitis in children. Subacute and 
chronic sinusitis in children, which have received much less attention in the medical literature, will also be reviewed.  

    Acute Bacterial Sinusitis 

    Sinus Aspiration 

 The challenge in obtaining material for culture is that the sinuses are a closed system accessible only through a mucous 
membrane that is highly contaminated with respiratory fl ora. Because of the invasive nature of sinus aspirates, this procedure 
has not been performed on humans with normal sinuses. The sterility of the sinus cavity has been established in healthy 
rhesus monkeys that have undergone sinus aspiration [ 1 ]. This sterile environment is maintained by the mucociliary appara-
tus of the sinus and by normal immune function. 

 Aspiration of the maxillary sinus after sterilization of the mucous membrane of the nasal cavity is the most stringent 
method for obtaining culture material to avoid contamination. This procedure is performed by anesthetizing and sterilizing 
the nasal mucosa with a solution of 10 % cocaine (cocaine has antiseptic properties). A culture of the mucosa is performed 
to test sterility to ensure that effective antisepsis has been achieved. Puncture is performed with a sterile 16-gauge trocar 
positioned beneath the inferior nasal turbinate; the antral cavity is aspirated. If no material is returned, then the sinus is irri-
gated with non-bacteriostatic saline which is aspirated and sent for culture. A signifi cant growth of bacteria is considered 
≥10 4  colony-forming units per milliliter [ 2 ]. Results must be expressed quantitatively to ensure that an organism is present 
in suffi cient number to represent a true pathogen and not a contaminating organism. 

 The only sinus puncture studies performed in children to establish the microbiology of acute bacterial sinusitis were 
reported in the 1980s [ 3 ,  4 ] (Table  5.1 ). Fifty children between the ages of 1 and 16 years who were suspected of having 
sinusitis were evaluated. Children were entered into the study based on clinical symptoms and abnormal plain radiographs 
of the maxillary sinuses. Sinus puncture was performed and aspirates were cultured aerobically and anaerobically and a 
Gram stain prepared. A total of 79 sinus aspirates were performed. At least one sinus had signifi cant growth in 51 of 79 
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(65 %) aspirates. The predominant organisms isolated from the maxillary sinuses by puncture, in order of frequency, were 
 Streptococcus pneumoniae , non-typable  Haemophilus infl uenzae , and  Moraxella catarrhalis . As in studies of otitis media in 
this era,  S. pneumoniae  was isolated at about 1.5–2 times the rate of isolation of  H. infl uenzae  and  M. catarrhalis . It is notable 
that 13 % of sinus aspirates grew more than one species of bacteria. Six of the 50 subjects had isolates of bacteria that were 
beta-lactamase producing. This study was also remarkable in that anaerobic bacteria were only present in one aspirate and 
there were no isolates of  Staphylococcus aureus .

        Endoscopically Obtained Cultures of the Middle Meatus 

 Because sinus aspiration is not a routine procedure, may be uncomfortable, may rarely be associated with complications, and 
should only be performed by a pediatric otolaryngologist, there has been a search for a surface culture of the respiratory mucosa, 
obtained by less invasive methods, which might correlate with the results of the sinus aspirate. The challenge in any less invasive 
method is that the nasal mucosa is heavily colonized with normal bacterial fl ora. Cultures of the middle meatus obtained by the 
use of an endoscope have been used as a surrogate for sinus aspiration. The maxillary, frontal, and anterior air cells of the eth-
moid sinuses drain into the middle meatus via the osteomeatal complex. The endoscope is inserted into the nose, and a sample 
is obtained from material in the middle meatus via a swab or aspiration. The mucosa of the anterior nares must be disinfected, 
and meticulous care must be taken to be sure the endoscope does not touch the nasal vestibule and become contaminated. 
Benninger et al. performed a meta-analysis of studies in a mainly adult population comparing endoscopically obtained cultures 
of the middle meatus to maxillary sinus puncture [ 5 ]. When all bacterial isolates are considered, endoscopically obtained cul-
tures show a sensitivity of 80 %, specifi city of 70 %, positive predictive value of 78 %, negative predictive value of 75 %, and 
an overall accuracy of 76 % when compared with maxillary sinus aspiration. If only the sinus pathogens  S. pneumoniae , 
 H. infl uenzae , and  M. catarrhalis  are taken into account, the test performs somewhat better with a sensitivity and specifi city of 
81 and 83 %, positive and negative predictive value of 91 and 89 %, and overall accuracy of 87 %. Given that the caliber of the 
nasal passage in children is signifi cantly smaller than adults, one might expect a greater rate of contamination of endoscopically 
obtained cultures when this procedure is performed in children. Hsin et al. compared endoscopic middle meatal cultures to 
maxillary sinus puncture in children 2–12 years with subacute and chronic sinusitis [ 6 ]. This population of children had failed 
30 days or more of antimicrobial therapy. Endoscopic culture performed less well in children than adults with a sensitivity of 
75 %, a specifi city of 99.9 %, a positive predictive value of 96 %, negative predictive value of 50 %, and an accuracy of 78 %. 
Overall endoscopic cultures may provide useful information for the treatment of individual adults when interpretation is con-
fi ned to the three sinus pathogens:  S. pneumoniae ,  H. infl uenzae , and  M. catarrhalis . However, in epidemiological studies of the 
etiology of sinusitis, endoscopic cultures are likely to be confounded by normal nasal fl ora such as alpha-hemolytic strepto-
cocci,  Corynebacterium , and  Staphylococcus  species and, therefore, are of limited usefulness in children.  

    Surface Cultures 

 Because of the ease of obtaining a culture of the anterior nose or the nasopharynx, several studies have examined whether 
the results of these surface cultures corresponded to the results of maxillary sinus aspiration. Axelsson and Brorson studied 
472 patients (the age range of the patients was not specifi ed) and found a correlation between the nasal culture and the sinus 
aspirate only 50 % of the time [ 7 ]. 

 In a study done solely in children, nasopharyngeal cultures were taken at the same time as a sinus aspirate was performed 
[ 3 ]. Of 17 subjects who had a predominant organism recovered from the nasopharynx, the same organism was present in the 

   Table 5.1    Bacteriology of acute sinusitis in 79 sinus aspirates in 50 
children with acute sinusitis based on sinus puncture [ 3 ,  4 ]   

 Organism  Total number of isolates  % of isolates 

  S. pneumoniae   22  37 
  H. infl uenzae   a    15  25 
  M. catarrhalis   15  25 
  Streptococcus  species  4  7 
 Other b   3  5 
  Total    59    100  

   a All were non-typable 
  b  Eikenella corrodens ,  Peptostreptococcus , and  Moraxella  sp.  
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sinus aspirate in only 4. Thus nasal and nasopharyngeal cultures show a poor correlation with cultures of the sinus performed 
by aspiration [ 7 ]. In contrast, there has been no study to determine if the absence of  S. pneumoniae  on culture of the naso-
pharynx might have a high negative predictive value regarding the likelihood of  S. pneumoniae  as a cause of sinusitis.  

    The Role of  Staphylococcus aureus  

 In sinus puncture studies,  S. pneumoniae ,  H. infl uenzae , and  M. catarrhalis  have been identifi ed as the major pathogens 
associated with acute bacterial sinusitis. Recently, some authors have purported that  S. aureus  should also be considered a 
major pathogen in acute bacterial sinusitis [ 5 ,  8 ,  9 ]. If this were the case, it would have important implications for empiric 
antibiotic selection as current guidelines do not include recommendations for the use of agents that are directed at this patho-
gen [ 10 ,  11 ]. When examined carefully, however, the role of  S. aureus  as an etiological agent of acute bacterial sinusitis is 
doubtful [ 12 ]. In adults, during a period of 15 years of performing sinus aspirates,  S. aureus  was present in only 7 of 226 
(3 %) positive specimens obtained from 339 patients [ 13 ]. No isolates of staphylococci were detected in signifi cant quantity 
in the two studies in which maxillary aspirates were performed in 50 children with acute bacterial sinusitis [ 3 ,  4 ]. 

 The majority of studies arguing that  S. aureus  is a sinus pathogen are based on cultures of the middle meatus. To effec-
tively analyze such studies, it is important to understand the microbiology of the nose and middle meatus in healthy individu-
als. The nasal vestibule is an area that may be heavily colonized with  S. aureus . In one study of healthy children in a 
community setting, over 65 % of children harbored  S. aureus  in the anterior nares [ 14 ]. Any study of the microbiology of the 
middle meatus involves passing an endoscope through this highly colonized region. Thus, even with measures such as anti-
sepsis and the use of a sterile nasal specula, contamination is possible. 

 The middle meatus itself is also an area densely colonized with bacteria. Gordts et al. performed middle meatal cultures 
on healthy children who were undergoing surgery for reasons unrelated to the head and neck [ 15 ]. In this study, a swab was 
placed through an ear speculum placed in the disinfected nasal vestibule. Cultures were performed from swabs of the middle 
meatus and revealed  S. pneumoniae  in 50 %,  H. infl uenzae  in 40 %,  M. catarrhalis  in 34 %,  S. aureus  in 20 %, and 
 Corynebacterium  in 52 %. In a study of children with recurrent or chronic sinusitis,  S. aureus  was present in the middle 
meatus in 32 % of samples [ 16 ]. These studies indicate that the middle meatus is heavily colonized with pathogenic and 
nonpathogenic bacteria in healthy children. Thus, identifying any of these organisms from the middle meatus in children 
with sinusitis may represent normal colonization and not the etiology of the sinus infection. 

 Payne et al. performed a meta-analysis on studies of sinus aspirate and middle meatal cultures in adults and concluded 
that  S. aureus  is prevalent in sinus cultures and should be considered a major pathogen [ 9 ]. The authors state that  S. aureus  
was found in culture from various sinus and nasal sources 10 % of the time overall. There are signifi cant problems with this 
analysis, however. First, it is notable that this rate of culture positivity is in the range of results seen in cultures of the middle 
meatus in healthy adults suggesting that cultures may have been contaminated [ 17 ]. Also, in middle meatal cultures,  S. 
aureus  was isolated at nearly twice the rate as cultures of sinus aspirates (14 % vs 7.8 %). One would expect that these two 
rates would be similar unless the middle meatal cultures were contaminated with normal fl ora. In addition, studies included 
in this meta-analysis had serious methodological problems. For example, in one of the studies with the highest (20 %) rate 
of isolation of  S. aureus  from sinus aspirates, no methods are given for performing the sinus aspirate [ 18 ]. It was not indi-
cated whether the nasal mucosa was disinfected before the procedure. In addition, all patients who had  S. aureus  isolated in 
this study had anatomic abnormalities of the nasal cavity. This raises serious concerns that the culture results for  S. aureus  
may represent contamination from normal nasal fl ora and thus would skew the results of the meta-analysis. 

 Overall, caution must be exercised in interpreting these recent studies highlighting the role of  S. aureus  as a major patho-
gen in acute bacterial sinusitis. Studies in children have mainly relied on middle meatal specimens which do not show good 
correlation with maxillary sinus aspiration. In the studies in adults, there is serious concern that similar studies have a high 
rate of contamination with normal nasal fl ora. It appears unlikely that  S. aureus  is a major pathogen in acute bacterial sinus-
itis. Accordingly, empiric antibiotic choices need not include coverage for this organism.  

    The Changing Microbiology of Acute Bacterial Sinusitis 

 No sinus puncture studies in children with acute bacterial sinusitis have been published since 1984 [ 4 ]. Knowledge of 
changes in the microbiology of acute bacterial sinusitis is important in making decisions about antibiotic selection. In the 
absence of high-quality data from sinus aspirates, important information may be learned from cultures of middle ear aspi-
rates in children with acute otitis media (AOM). AOM may be used as a surrogate for sinusitis as the middle ear is, in fact, a 
paranasal sinus [ 19 ]. The anatomy and physiology of the middle ear are very similar to that of the sinuses. The middle ear 
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drains via the Eustachian tube into the nasopharynx, analogous to sinus drainage via the osteomeatal complex into the nose. 
A viral upper respiratory infection is often the predisposing factor for both of these infections causing impairment of drain-
age with subsequent bacterial growth and infl ammation. Like sinusitis, the major pathogens of AOM are  S. pneumoniae ,  H. 
infl uenzae , and  M. catarrhalis . Examining the changes of the epidemiology of these pathogens in the context of AOM should 
refl ect similar changes that have occurred in acute bacterial sinusitis. 

 Since the introduction of the 7-valent pneumococcal conjugate vaccine (PCV-7), there has been a shift in the rate of isola-
tion of  S. pneumoniae  from middle ear fl uid in children with AOM (Table  5.2 ). Two studies have compared the relative rates 
of isolation of otitis pathogens before and after the introduction of PCV-7 in 2000 for universal immunization in the United 
States. Block et al. performed tympanocentesis on 381 children aged 7–24 months with otitis media in a practice setting in 
rural Kentucky [ 20 ]. After the introduction of PCV-7, the rate of isolation of  S. pneumoniae  decreased signifi cantly from 48 
to 21 % of all isolates. Meanwhile,  H. infl uenzae  was isolated more frequently during this time period, shifting from 41 to 
56 % of isolates. The rate of isolation of  Moraxella  was not changed in this study. In the second study, covering the period 
from 1995 to 2003, Casey et al. cultured middle ear fl uid obtained from children who had failed treatment for AOM or had 
persistent AOM [ 21 ]. During this time period, the rate of isolation of  S. pneumoniae  decreased from 48 to 31 %,  H. infl uenzae  
increased from 38 to 57 %, and  Moraxella  did not change. This same group, however, found a near reversal of this trend 
between 2007 and 2009 (before the introduction of the 13-valent conjugate pneumococcal vaccine in 2010). During this time 
frame,  S. pneumoniae  and  H. infl uenzae  were isolated 44 and 41 % of the time from middle ear fl uid [ 22 ]. This change was 
primarily due to the emergence of penicillin-resistant serotype 19 of  S. pneumoniae . Subsequent data, accumulated by 
Pichichero et al., suggest that increasing use of PCV-13 has truncated this issue, with a dramatic diminution of cases caused 
by  S. pneumoniae  [ 23 ]. Further assessment of this microbiological shift will be important as the use of PCV-13 becomes more 
widespread. Overall, we can anticipate that the prevalence  of S. pneumoniae  will continue to decrease and  H. infl uenzae  
increase as the causative organism in children with AOM in the United States. It is likely the same phenomenon is occurring 
with acute bacterial sinusitis, since the source of the pathogens in both diseases is ultimately the nasopharynx. The proportion 
of cases of sinusitis caused by  H. infl uenzae  will drive the selection of an appropriate antibiotic that is beta-lactamase stable.

   The prevalence of resistance to the common antimicrobial agents used to treat AOM and acute bacterial sinusitis has 
varied greatly over the past decade. There has been large geographic variation in penicillin and macrolide resistance rates in 
 S. pneumoniae  and an increase in ampicillin resistance in  H. infl uenzae  worldwide mediated by beta-lactamase production. 
Table  5.3  demonstrates that surveys of respiratory isolates in populations have shown great variation over geographic region 
and time [ 20 ,  22 ,  24 – 34 ]. Historically, the proportion of  H. infl uenzae  from respiratory sources, including middle ear fl uid, 
that have produced beta-lactamase has been 20–30 %. Recently, nasopharyngeal and middle ear isolates of  H. infl uenzae  in 
children from Upstate New York have shown rates as high as 50 % [ 22 ], and in Asia rates of 60–65 % have been reported 
[ 31 ]. If these high rates of resistance are widespread, then the effectiveness of amoxicillin as fi rst-line treatment for AOM 
and acute bacterial sinusitis will be signifi cantly limited.

   In the post-PCV-7 era, the rates of isolation of penicillin non-susceptible  S. pneumoniae  (PNSP) have also varied greatly 
depending on the geographic region and the source of the isolates. The overall trend, however, seems to be either a decrease 
or no change in the rate of isolation of PNSP since the introduction of PCV-7. Penicillin non-susceptibility rates have ranged 
from 10 to 61 % [ 22 ,  29 ] (Table  5.3 ). The Active Bacterial Core surveillance program measured rates of invasive disease 
caused by PNSP in the United States. Among children under 2 years of age, disease caused by penicillin non-susceptible 
strains decreased by 81 % from 1999 to 2004, concurrent with the introduction of the pneumococcal conjugate vaccine. 
During the last two decades, the prevalence of macrolide resistance in  S. pneumoniae  has become widespread, limiting the 
usefulness of azithromycin and clarithromycin in treating AOM and, by inference, acute bacterial sinusitis. [ 25 ] In surveys 
of surface and middle ear isolates from children, one constant is that  M. catarrhalis  produces beta-lactamase nearly 100 % 
of the time [ 22 ]. 

 Several conclusions may be drawn from these epidemiological studies over the past decade. These data have been derived 
mainly from middle ear and nasopharyngeal isolates but likely apply to acute bacterial sinusitis. (1) There has been a shift in 
the proportion of isolation of respiratory pathogens with an increase in the rate of isolation of  H. infl uenzae  and a decrease 

   Table 5.2    Rate of isolation of pathogens from middle ear fl uid in children with acute otitis media before and after the introduction of 7-valent 
pneumococcal conjugate vaccine (PCV-7)   

  S. pneumoniae    H. infl uenzae    M. catarrhalis  

 Study  Pre-PCV-7  Post-PCV-7  Pre-PCV-7  Post-PCV-7  Pre-PCV-7  Post-PCV-7 

 Block, 2004 [ 20 ]  48  31  41  56  9  11 
 Casey, 2004 [ 21 ]  48  31  38  57  4  1 
 Kaur   , 2010 [ 51 ]  –  25  –  35  –  9 
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in the isolation of  S. pneumoniae . (2) The rate of beta-lactamase production by  H. infl uenzae  has increased. (3) The rate of 
isolation of penicillin non-susceptible  S. pneumoniae  has either decreased or stayed the same. (4) Macrolide resistance in  S. 
pneumoniae  is widespread. (5) The    rate of isolation of  M. catarrhalis  has remained unchanged and nearly all produce beta- 
lactamase. These shifts in the microbiology limit the usefulness of amoxicillin for the treatment of acute bacterial sinusitis. 
Therefore, the addition of clavulanate to amoxicillin provides theoretical advantage in therapy.  

    Role of Viruses 

 Although viruses have often been implicated in the pathogenesis of acute bacterial sinusitis, the epidemiology and exact role 
of viruses have not been well defi ned. In the original sinus aspiration studies in children in the 1980s, traditional viral cell 
culture methods were used to identify viruses in sinus samples as well as in throat swabs taken from children with sinusitis 
[ 4 ]. Of 45 children tested, only three had viruses identifi ed on culture. Sinus aspirates grew a parainfl uenza virus and an 
adenovirus, and one throat culture grew a coxsackie B virus. Studies in adults have also isolated rhinovirus in viral culture 
[ 13 ]. No studies of the viruses associated with childhood sinusitis have been reported using molecular techniques nor have 
any tested for recently recognized respiratory viruses such as human metapneumovirus or bocavirus. It is widely believed 
that a viral URI is often the prescient event that results in the complication of acute bacterial sinusitis. Thus, an understanding 
of the viral epidemiology of sinusitis may lead to methods to prevent this infection. Once again using the analogy of AOM 
is useful in understanding what is occurring during episodes of sinusitis. Studies surveying the viruses associated with AOM 
using PCR techniques have demonstrated the presence of rhinovirus, respiratory syncytial virus, human metapneumovirus, 
infl uenza A and B, parainfl uenza virus, adenovirus, human bocavirus, enteroviruses, and coronavirus [ 35 ,  36 ]. It is likely that 
these same viruses also play a role in the development of acute bacterial sinusitis.  

    Complications 

 The rate of complications in children who have sinusitis is relatively low. However, they are associated with serious morbid-
ity and occasional mortality. These complications may be categorized as extracranial, intracranial, and those involving the 
bone of the sinus wall (osteitis). The extracranial complications include orbital cellulitis and abscess, subperiosteal abscess, 
optic neuritis, and preseptal infl ammatory edema. Epidural and subdural empyema, meningitis, brain abscess, and cavernous 
sinus thrombosis comprise the intracranial complications of acute bacterial sinusitis. Pott’s puffy tumor is an osteitis of the 
wall of the frontal sinus that presents with forehead swelling and tenderness. Since many of these complications of sinusitis 

    Table 5.3    Rates of antimicrobial resistance (%) in  S. pneumoniae ,  H. infl uenzae , and  M. catarrhalis    

 Study  Population  Source  Region   S. pneumoniae    H. infl uenzae    M. catarrhalis  

 PNSP  Macrolide 
resistant 

 Beta- lactamase 
positive 

 Beta-lactamase 
positive 

 Casey, 2010 [ 22 ]  Children  Nasopharynx +
 middle ear 

 NY, USA  17–61  –  29–50  100 

 Harrison, 2009 [ 29 ]  Children  Respiratory  USA  10.6  37.3  42  95.2 
 Gotoh, 2008 [ 31 ]  Children  Nasopharyngeal  Vietnam  –  –  59.5  – 
 Fallon, 2008 [ 27 ]  Mainly children  Middle ear fl uid  USA  19.4  –  45.5  – 
 Critchey, 2008 [ 25 ]  Children  All – most common 

serotypes 
 USA  51  45  –  – 

 Critchey, 2007 [ 24 ]  Adults and children  Respiratory  USA  37.9  34.5  27.4  91.6 
 Tristam, 2007 [ 30 ]  Adults and children  Literature review  Worldwide  –  –  3–65  – 
 McEllistrem, 

2005 [ 33 ] 
 Children  Middle ear fl uid  USA  59  –  –  – 

 Garbutt, 2004 [ 32 ]  Children  Nasopharynx  St. Louis, USA  19  63  –  – 
 Block, 2004 [ 20 ]  Children  Middle ear fl uid  Rural Kentucky  19  36  100 
 Gordon, 2003 [ 28 ]  Adults and children  Respiratory  USA  35  23  24.5  – 
 Joloba, 2001 [ 34 ]  Children  Middle ear  USA  57  43 
 Doern, 1999 [ 26 ]  Adults and children  All isolates  USA and Canada  –  –  33.5  99.2 
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are local fl uid collections, surgical drainage is necessary. Specimens sent for culture from these sources are likely to repre-
sent the actual etiology of the infection. 

 A summary of the studies that have surveyed the microbiology of the orbital and intracranial complications of sinusitis is 
shown in Table  5.4  [ 37 – 45 ]. In orbital infections,  Staphylococcus aureus  is the predominant pathogen followed by 
 Streptococcus pyogenes ,  S. pneumoniae , other gram positives,  H. infl uenzae , enteric gram-negative bacilli, and anaerobes. 
The importance of methicillin-resistant  S. aureus  in orbital disease has been increasingly recognized [ 45 ]. In intracranial 
complications, the microbiology is similar, though  S. aureus  is isolated less frequently than in orbital infections. Over the 
past decade,  Streptococcus anginosus  (formerly  S. milleri ) has become the predominant pathogen isolated in many studies.

       Subacute and Chronic Sinusitis 

 Much less attention has been given to the microbiology of subacute and chronic sinusitis in children. This is complicated, in 
part, by a lack of standard defi nitions for these conditions. Acute sinusitis has been defi ned as an infection with a duration of 
less than 4 weeks. Subacute sinusitis is infection from 4 weeks to 2–3 months. Chronic sinusitis is commonly defi ned as 
infection for more than 2–3 months and often years [ 46 ]. These defi nitions, however, are somewhat arbitrary. 

 Wald studied the microbiology of children with subacute sinusitis. Children aged 2–16 had sinus symptoms for more than 
30 but less than 120 days. Maxillary sinus aspirations were performed on 52 sinuses in 40 children with signifi cant bacterial 
growth found in 58 % of these aspirates. The organisms isolated included  S. pneumoniae  (34 %),  H. infl uenzae  (31 %), and 
 M. catarrhalis  (23 %) with the remainder comprised of Group A beta-hemolytic streptococci, viridans streptococci, and a 
 Moraxella  species. Of the  H. infl uenzae  isolated, 27 % were beta-lactamase producing and many of the children in the study 
had recently received antibiotics. Overall, the microbiology of these children with subacute sinusitis was nearly identical to 
those with acute bacterial sinusitis. 

 Available microbiologic data from children with chronic sinusitis are limited and confusing because of variable defi ni-
tions of chronic sinusitis, frequent failure to obtain specimens aseptically, lack of quantitation of results, and concurrent use 
of antibiotics. In children with chronic sinusitis, multiple species of bacteria have been isolated from sinus aspirates. Brook 
found anaerobic bacteria such as  Bacteroides , anaerobic gram-positive cocci, and  Fusobacterium  species predominated 
among these isolates [ 47 ]. Aerobic bacteria were isolated less frequently and included alpha-hemolytic streptococci,  S. 
aureus , and  Haemophilus  species. In a separate study of acute exacerbations of chronic sinusitis, multiple species of anaer-
obes,  H. infl uenzae ,  S. pneumoniae ,  M. catarrhalis , and  S. aureus  were present [ 48 ]. Hsin performed maxillary sinus 

  Table 5.4    Microbiology 
of the orbital and intracranial 
complications of sinusitis  

 Orbital (125 isolates)  Intracranial (142 isolates) 

  Gram positive  
  S. aureus   58  6 
  S. pneumoniae   2  4 
  S. anginosus   4  49 
  S. pyogenes   9  9 
 Other β-hemolytic streptococci  1  4 
 Other α-hemolytic streptococci  14  20 
 Coagulase-negative staphylococci  4  12 
 Other gram positive  1 
  Gram negative  
 Enteric gram-negative rods  9  5 
 NTHi  6  2 
 Other  Haemophilus  spp.  2  1 
  M. catarrhalis   1 
  Neisseria spp .  2 
  Anaerobes  
  Bacteroides  spp.  1  6 
  Eikenella  spp.  3  2 
  Fusobacterium  spp.  3  3 
  Peptostreptococcus   3  6 
  Prevotella   1  2 
 Other  3  9 

  From Refs. [ 37 – 45 ]  
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puncture in 21 children who had four or more weeks of sinus symptoms despite antimicrobial therapy [ 6 ]. This study was 
somewhat limited in that there was no quantitation of bacterial growth and no sterility testing of the puncture site. However, 
28 sinus aspirate cultures demonstrated  S. pneumoniae  (12 aspirates),  H. infl uenzae  (7 aspirates),  M. catarrhalis  (1 aspirate), 
and no growth in 5 aspirates. 

 In patients with chronic persistent sinusitis (nasal congestion and/or rhinorrhea and/or cough), the role of bacteria is less 
clear. The persistence of symptoms despite multiple courses of appropriate antimicrobial agents is counter to the notion that 
bacterial infection is a signifi cant component of chronic sinusitis. All these observations support the hypothesis that bacterial 
infection has a minor role, if any, in a substantial number of patients with chronic sinusitis. 

 This disease is now thought to be an infl ammatory disorder rather than a primary infectious disease [ 49 ]. An alternative 
hypothesis regarding the importance of bacterial infection in patients with chronic sinusitis relates to the potential role of 
biofi lms (discussed in the Chap.   7    ). Biofi lms are complex colonies of bacterial cells that live within a glycocalyx matrix 
attached to a moist surface. Biofi lms offer important survival advantages to bacteria. They are more resistant to the effects of 
antibiotics than free-fl oating planktonic bacteria. This is accomplished by several mechanisms: (1) greater cell-cell contact 
to facilitate plasmid exchange for the evolution of resistance, (2) production of beta-lactamases, (3) slow bacterial growth 
resulting in decreased effect of antibiotics that rely on cell growth and turnover for killing effect, and (4) the presence of 
“persister” cells that reform the biofi lm when the antibiotic is discontinued [ 50 ]. The appeal of the concept of biofi lms is that 
it might explain the chronic nature of the infection, frequent failure to respond to antibiotics, and acute exacerbations when 
antibiotics are discontinued in patients who had previously responded. Although biofi lms have been demonstrated on the 
mucosa of patients with chronic sinusitis, their precise role remains to be determined as they are not present in all cases of 
CRS and limited biofi lms are present in some healthy controls.  

    Conclusion 

 The microbiology of sinusitis in children is dynamic, having undergone signifi cant changes in the past decade. Although 
there have been no puncture studies done in children since the 1980s, there is evidence that the prevalence of  H. infl uenzae  
relative to  S. pneumoniae  has been increasing since the introduction of the pneumococcal conjugate vaccine in the United 
States. In addition, the rate of beta-lactamase production by  H. infl uenzae  is increasing in many areas. Thus, selecting an 
antimicrobial that is beta-lactamase stable or has a beta-lactamase inhibitor is important in treating children with sinusitis. 
Future studies that address methods of noninvasively detecting bacteria in the sinus would be helpful so that changes in the 
microbiology may be more readily monitored. Furthermore, additional research is needed to explore the role of viruses in the 
pathogenesis of AOM in children.     
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    Chapter 6   
 Microbiology of Acute, Subacute, and Chronic Rhinosinusitis 
in Adults 

             Michael     S.     Benninger       and     Troy     D.     Woodard     

           Introduction 

 Rhinosinusitis is a term used to describe infl ammation of the mucosa of the nose and paranasal sinuses [ 1 ]. Although this 
term encompasses multiple etiologies, some of which are not related to microbial pathogens, for the purposes of this chapter 
it will be used only in the context of infectious pathogens. Acute bacterial rhinosinusitis (ABRS) is a common upper respira-
tory infection characterized by infl ammation of the mucosa of the nose and paranasal sinuses [ 1 ]. Since viruses tend to cause 
most cases of rhinosinusitis, it has been recommended that ABRS be identifi ed in patients who have worsening symptoms 
after 5–7 days following the onset of symptoms or persistent symptoms for 7–10 days [ 2 ]. Acute bacterial rhinosinusitis has 
been estimated to effect 3 in every 1,000 people in the United States each year, with some individuals having multiple epi-
sodes [ 3 ]. It also appears that the incidence of ABRS is increasing [ 3 ,  4 ]. 

 Chronic rhinosinusitis is a group of disorders characterized by infl ammation of the mucosa of the nose and paranasal 
sinuses of at least 12 weeks duration [ 1 ]. There are estimates that up to 20 million people in the United States suffer from 
chronic rhinosinusitis. However, many of these are not diagnosed by objective studies. Subacute rhinosinusitis refers to rhi-
nosinusitis episodes lasting from 4 weeks up to 12 weeks. The prevalence of subacute rhinosinusitis has not been well 
defi ned. Although these terms are somewhat arbitrary and there are episodes of overlap, they do help to distinguish both 
differences in pathogens and also patient symptoms.  

    Acute Rhinosinusitis 

 During the fi rst 7–10 days of a respiratory tract infection that involves the nose and sinuses, the predominant organisms are 
viruses, notably rhinovirus and adenovirus. There is strong evidence that viruses alone can cause infl ammation in the sinuses. 
This has been confi rmed by CT scans performed during a viral upper respiratory tract infection [ 5 ]. One of the interesting 
things about these viruses is that they may play a role in the alteration of the host immune system to allow for increased 
bacterial colonization and aggregation in the lymphoid tissue of the nasopharynx. Adenovirus types 1, 2, 3, and 5 have been 
shown to upgrade receptors for  Streptococcus pneumonia  which may increase adherence of the bacteria and subsequently 
increase the risk of infections [ 6 ]. 

  Streptococcus pneumoniae  (20–45 %) and  Haemophilus infl uenzae  (22–35 %) are the predominant organisms in ABRS 
in adults, while  Streptococcus pneumoniae  (30–43 %) , Haemophilus infl uenzae  (20–28 %), and  Moraxella catarrhalis  (20–28 %) 
are the predominant organisms as traditionally reported in acute bacterial rhinosinusitis in children [ 4 ]. Although 
 Staphylococcus aureus  has been identifi ed as being cultured in many prospective clinical trials, it was often considered a 
contaminant. A recent meta-analysis suggests that  Staphylococcus aureus  is a real pathogen in approximately 10 % of cases 
of ABRS [ 7 ] (Fig.  6.1 ). Although  Moraxella catarrhalis  is frequently cultured in ABRS as well as other upper respiratory 
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tract infections, some researchers feel that it is typically a self-limited infection that does not require antibiotic treatment 
under most circumstances [ 7 ,  8 ]. Furthermore, disease severity based both on symptoms and radiographic fi ndings is worse 
for  Streptococcus pneumoniae  than for  Haemophilus infl uenzae  and  Moraxella catarrhalis  [ 9 ].

         There has been growing evidence of increasing antibiotic resistance to commonly used antibiotics for the treatment of 
ABRS [ 10 ]. In the 1990s there was evidence of a rapidly increasing resistance rate among common bacterial origins of 
ABRS and emergence of multidrug-resistant strains [ 10 ]. Forty percent of  Streptococcus pneumoniae  isolates have been 
found to be resistant to two or more of the antibiotics tested, and over 28 % were resistant to three or more antibiotics [ 10 ]. 
Fortunately, over the past few years, there has been a stabilization of these resistant rates [ 10 ]. The increased efforts to curb 
the overuse of antibiotics have led to changes in antibiotic prescribing patterns and may have played a partial role in the fl at-
tening of these resistant rates. 

 Conjugate  Haemophilus infl uenzae  type b (Hib) vaccines were initiated in 1990 as a routine part of childhood immuniza-
tions. This vaccine is nearly universally effective against the typable  H infl uenzae  strains that were responsible for a number 
of aggressive diseases such as meningitis and epiglottitis. Hib vaccinations have nearly eliminated the incidence of 
 Haemophilus infl uenzae  meningitis among widely vaccinated populations, due to the achievement of herd immunity [ 11 ]. 
Non-typable strains of  Haemophilus infl uenzae  are still major pathogens in ABRS, acute otitis media (AOM), and lower 
respiratory tract infections. It appears that rates of non-typable  Haemophilus infl uenza , the major etiology of ABRS, are not 
affected by Hib vaccination and have, in fact, gradually increased in appearance [ 12 ,  13 ]. 

 With  Streptococcus pneumoniae , over 90 serotypes have been isolated, many of which can cause disease in humans 
[ 11 ]. This differs greatly when compared to  H. infl uenza,  where one subtype accounted for almost all of the invasive 
disease and where a single vaccine was effective in dramatically reducing invasive disease states. In the United States, 
seven serotypes are responsible for over 80 % of the invasive disease caused by  Streptococcus pneumoniae  in young 
children [ 11 ]. Research thus targeted these seven serotypes. A heptavalent conjugate pneumococcal vaccine (PCNV7) 
was found to be 100 % effective in preventing invasive pneumococcal disease and was approved in the United States in 
2000 [ 11 ,  14 ]. Multiple additional studies have supported the effi cacy of the vaccine in preventing invasive pneumococ-
cal disease [ 15 – 17 ]. In addition, the benefi cial effect has been extended to the adult community as a result of herd immu-
nity [ 16 ,  17 ]. The primary effects of routine vaccination appear to have had an impact on the more common diseases 
such as ABRS and AOM. 

    Pathogen Shift 

 There has been a dramatic shift in the repertoire of pathogenic organisms found in both ABRS and AOM as a result of the 
widespread use of conjugate pneumococcal vaccines. Brook et al. have shown that there have been measurable changes in 
the recovery of pathogens in adults with acute maxillary sinusitis. When comparing time points at 4 years prior to and 5 years 
after the introduction of the conjugate pneumococcal vaccine,  Haemophilus infl uenzae  increased from an incidence of 36 % 
prior to vaccine advancements to become the most common pathogen at 43 %. Recovery of  Streptococcus pneumoniae  from 
sinus aspirates was found to decrease from the most common pathogen at 46 % of isolates to 35 % after the use of the vac-
cine. There also was a proportionate increase in the cases caused by  Staphylococcus aureus  and  Moraxella catarrhalis  [ 18 ]. 

 In another study, nasopharyngeal cultures were obtained in children with acute maxillary sinusitis before and after wide-
spread use of conjugate pneumococcal vaccination.  Streptococcus pneumoniae  decreased from 43 % of isolates to 25 %, 
while  Haemophilus infl uenzae  increased from 33 to 41 %.  Moraxella catarrhalis  remained stable 13–14 %, while 
 Streptococcus pyogenes  increased from 7 to 12 % and  Staphylococcus aureus  increased from 4 to 8 % [ 18 ]. 

S. pneumoniae
H. influaenzae
M. catarrhalis
S. aureus
Other

27 %8 %

10 %

28 % 27 %

 Fig. 6.1    Distribution of pathogens based on maxillary sinus 
taps and middle meatal cultures (Reprinted from Payne 
and Benninger [ 7 ]. With Permission from Oxford University 
Press)  
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 With this shift in organism involvement has been a gradual shift in resistance. Ampicillin resistance among  H. infl uenzae  
due to β-lactamase production is now highly prevalent worldwide [ 19 ]. The Infectious Disease Society of America, in their 
guidelines for the treatment of ABRS, recommends a shift in the approach to antibiotic use in ABRS to beta-lactamase- 
resistant drugs. The recommendation that amoxicillin-clavulanate rather than amoxicillin alone be considered as fi rst-line 
therapy for ABRS is based on two observations: (a) the increasing incidence of  H. infl uenzae  in upper respiratory tract infec-
tions of children, particularly acute otitis media, since the introduction of conjugated pneumococcal vaccine and (b) the high 
prevalence of β-lactamase-producing respiratory pathogens in ABRS (particularly  H. infl uenzae  and  M. catarrhalis ) among 
recent respiratory tract isolates. 

 There has also been a change in the serotypes of  Streptococcus pneumoniae  responsible for both ABRS and AOM toward 
those not found in the vaccine [ 20 – 22 ]. In one study, the number of episodes of AOM that were attributable to serotypes 
contained in the vaccine has decreased by 51 %, while the number of episodes attributable to other serotypes has increased 
by 33 % [ 21 ].  

    Pneumococcal Resistance 

 There is strong evidence from multiple recent studies that there has been a reduction in both the non-susceptible and high- 
level resistant strains of  Streptococcus pneumoniae  cultured in AOM and to a lesser extent in ABRS [ 14 ,  17 ,  23 ,  24 ]. 
Whitney et al. showed that there was a reduction of 35 % in strains non-susceptible to penicillin [ 17 ]. High-level resistance 
of  Streptococcus pneumoniae  to penicillin also appears to have dropped from 15 to 5 % [ 14 ]. There has been an associated 
increase in the β-lactamase-producing strains of  Haemophilus infl uenzae  [ 23 ]. Ampicillin resistance among  H. infl uenzae  
due to β-lactamase production is highly prevalent worldwide [ 19 ]. 

 The impact of vaccination on the incidence of ABRS is somewhat diffi cult to assess as acute sinusitis, particularly in 
children, can be caused by a number of pathogens and is often viral [ 1 ,  4 ]. In addition, much of the culture data are based on 
AOM studies. However, there has been a clear shift in the pathogens associated with both ABRS and AOM, and this shift is 
consistent between the two groups. This concordance is not unexpected since the pathogenic organisms for ABRS and AOM 
are commonly the same pathogens [ 24 ]. Another interesting phenomenon following the vaccine era has been the apparent 
increase in the culture rates of  Staphylococcus aureus  [ 18 ]. Although there has been some speculation that  Staphylococcus 
aureus  in ABRS might be a contaminant, a recent meta-analysis of randomized clinical trials of antibiotic therapy in ABRS 
strongly suggests that  Staphylococcus aureus  is a real pathogen and should be considered in the treatment of ABRS [ 7 ] 
(Fig.  6.1 ). The emergence of  Staphylococcus aureus  as a recognized pathogen [ 7 ], and one which may be increasing [ 18 ] in 
upper respiratory tract infections, may result in changes in therapy in the future. Although the prevalence of  Staphylococcus 
aureus  remains relatively small, it is important that this organism be watched closely. This is particularly true in the era of 
increasing rates of community-acquired methicillin-resistant  Staphylococcus aureus . 

 If there are concerns about the microorganisms that may be playing a role in ABRS or if there is a poor response to 
empiric treatment, cultures may be obtained. Traditionally, sinus aspirations were required, particularly since random cul-
tures of the anterior nares or the nasopharynx would often reveal different organisms than were found when cultures were 
obtained directly from the sinuses. Performing maxillary taps in clinical practice is both cumbersome and uncomfortable for 
the patient. Endoscopic middle meatal culture is a much better technique and will be discussed later in this Chap. [ 25 ].   

    Subacute Rhinosinusitis 

 Evaluating the microbiology of subacute rhinosinusitis is diffi cult since patients tend to either present with acutely symptom-
atic ABRS or present to a medical provider later when the symptoms have persisted long enough to be classifi ed as chronic. 
In addition, symptoms of subacute rhinosinusitis are not as acute as seen in ABRS and are very often diagnosed with other 
disorders, such as allergic rhinitis or chronic rhinitis (which may in fact be occurring concurrently with sinusitis in some 
cases). Furthermore, in some patients, there may have been a short period of improved symptoms following the acute infec-
tion which may make it diffi cult to determine whether this is another primary acute infection or a subacute infl ammatory 
process. Confusion in the diagnosis of subacute rhinosinusitis can also occur when the patient has been initially treated with 
an antibiotic and still is symptomatic which raises questions as to whether they were inadequately treated for the initial epi-
sode or whether the persistent infl ammation is noninfectious. 

 In most cases, subacute rhinosinusitis has a typical pathogen pattern similar to ABRS with  Streptococcus pneumonia, 
Haemophilus infl uenzae ,  Moraxella catarrhalis ,  Streptococcus pyogenes,  and  Staphylococcus aureus  predominating. There 
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may be some pathogens more typical of CRS, particularly by the third month. If the patient had been treated with an antibi-
otic during the early phase of the infection, there may also be a shift in pathogens or some selection of more antibiotic- 
resistant strains.  

    Chronic Rhinosinusitis 

 Chronic rhinosinusitis ( CRS ) is a group of disorders characterized by infl ammation of the mucosa of the nose and paranasal 
sinuses for at least 12 consecutive weeks’ duration [ 1 ]. It is a very common illness and reportedly more widespread than 
arthritis and hypertension, affecting over 31 million Americans [ 1 ,  26 ]. CRS is associated with signifi cant symptoms which 
result in loss of productivity and negatively impacts quality of life parameters [ 27 ]. This complex disorder has many potential 
etiologies, and the spectrum of disease can vary dramatically from individual to individual. In addition the responsiveness to 
treatment is often unpredictable. However, for the purpose of this chapter, we will focus on the infectious/microbiologic 
etiologies of CRS. 

    Bacteria 

 Despite the multifactorial nature of CRS, the presence of bacteria within the paranasal sinuses has been well documented and 
implicated as the cause of infl ammation in many individuals [ 28 ,  29 ]. Unlike acute bacterial rhinosinusitis, where the patho-
gens ( Streptococcus pneumoniae, Haemophilus Infl uenzae , and  Moraxella catarrhalis ) are well described, there is much 
debate on the pathogens associated with CRS. As a result, broad-spectrum antibiotics are most commonly used and have 
been associated with development of drug-resistant microbes. 

 The increased incidence of drug-resistant bacteria has prompted many otolaryngologists to initiate culture-directed anti-
biotic therapy in their practice. Traditionally, the gold standard for obtaining sinus cultures was by maxillary sinus taps 
(MST) through the canine fossa or inferior meatus. However, this method is not ideal because it is more invasive, associated 
with increased discomfort, requires local anesthesia, and has a potential small risk of injury to the teeth, infraorbital nerve, 
and lacrimal apparatus. Advances in endoscopic techniques have allowed for the development of endoscopic-guided aspira-
tion or swab of a variety of sinuses under direct visualization (Fig.  6.2 ).

         Endoscopic-guided cultures have been shown to be well tolerated and as effective as maxillary sinus taps [ 30 – 32 ]. 
A meta-analysis by Benninger et al. compared the results of endoscopic directed middle meatal (EDMM) cultures and 

 Fig. 6.2    Endoscopic-guided culture of middle meatus  
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maxillary sinus taps in patients with acute bacterial maxillary rhinosinusitis. The meta-analysis demonstrated that EDMM is 
both highly sensitive and specifi c (80.9 and 90.5 %, respectively) and is a viable and preferred method of culturing the 
sinuses of a patient with rhinosinusitis [ 25 ]. 

 In contrast to acute sinusitis, there are signifi cant differences in the bacterial pathogens associated with chronic sinusitis 
(Table  6.1 ). Brook evaluated the aerobic and anaerobic microbiology of acute and chronic sinusitis in patients with involve-
ment of multiple sinuses. He confi rmed the importance of aerobic and facultative bacteria in acute sinusitis. However, he 
found that there was a predominance of anaerobic bacteria in patients with chronic sinusitis [ 33 ]. In another study, Brook 
et al. analyzed the transition from acute maxillary sinusitis to chronic maxillary sinusitis in fi ve patients that failed antimi-
crobial therapy. Initial endoscopic aspirations during the acute phase of the sinus infection revealed aerobic or facultative 
bacteria ( S. Pneumoniae ,  H. infl uenzae , and  M. Catarrhalis ). However, as the infection became more chronic, the aerobic 
and facultative bacteria were eventually replaced by anaerobes [ 34 ]. It is proposed that the gradual shift in species is a result 
of selective pressures placed on the bacteria by both the antimicrobial agents and changes in the environment caused by 
edema, reduced blood supply, low oxygen tension, and increased acidity within the sinus.

   To further illustrate the strong presence of anaerobic bacteria, Brook also evaluated patients with chronic frontal, sphe-
noid, and ethmoid sinusitis. He found that anaerobic bacteria were found in over two thirds of the patients. The predominant 
anaerobes were  Prevotella, Peptostreptococcus,  and  Fusobacterium  spp. Aerobic bacteria included mostly gram-negative 
bacilli, such as H . infl uenzae, K. Pneumoniae, E. coli , and  P. aeruginosa  [ 35 – 37 ]. 

 Many practitioners are unable to duplicate anaerobic bacterial growth in their studies. Factors that may affect this fi nding 
include different methods utilized to sample, transport, and cultivate the samples, the patient population, geography, and 
previous antimicrobial therapy. Doyle and Woodham performed 94 endoscopically guided ethmoid cultures on 50 adults 
with chronic sinusitis and no anaerobes were found. While coagulase-negative staphylococci were the most common non-
classical pathogen found within 71 % off the specimens,  Staphylococcus aureus  predominated as the most frequent classical 
pathogen (33 %). In addition,  Corynebacterium diphtheriae  (10 %),  Haemophilus infl uenzae  (4 %),  Pseudomonas aerugi-
nosa  (2 %), and  Streptococcus pneumoniae  (2 %) were also present [ 38 ]. Nadel et al. compared 507 endoscopically guided 
cultures in 265 patients with chronic sinusitis to 50 cultures from healthy volunteers. The aim of the study was to determine 
the prevalence of bacterial species in recalcitrant sinus disease. Coagulase-negative Staphylococci,  Staphylococcus aureus, 
Pseudomonas aeruginosa , and Streptococcus were the most common isolates.  Pseudomonas aeruginosa  was more common 
in patients taking systemic steroids [ 39 ]. 

 Despite the evidence of bacterial growth, some authors question the role that bacteria have in the pathogenesis of CRS. 
Bhattacharyya performed a controlled paired analysis in 49 patients with unilateral chronic rhinosinusitis. He obtained aero-
bic, anaerobic, and fungal cultures in these patients and compared it to the non-diseased contralateral side. He was able to 
recover both aerobic and anaerobic bacteria from both the diseased and contralateral non-diseased side in patients with CRS 
[ 40 ]. These fi ndings cast doubt on the etiologic role of bacteria in CRS and possibly suggest that there are other factors 

   Table 6.1    Classic pathogens found in sinusitis   

 Duration  Viral  Bacterial  Fungal 

 Acute  Up to 4 weeks 
 Rhinovirus   Streptococcus pneumoniae   Aspergillus 
 Adenovirus   Haemophilus infl uenzae   Absidia 

  Moraxella catarrhalis   Basidiobolus 
  Streptococcus pyogenes   Mucor 
  Staphylococcus aureus   Rhizopus 

 Subacute  From 4 to 12 weeks   Streptococcus pneumoniae  
  Haemophilus infl uenzae  
  Moraxella catarrhalis  
  Streptococcus pyogenes  
  Staphylococcus aureus  

 Chronic  Greater than 12 weeks  Coagulase-negative staphylococci  Aspergillus 
  Staphylococcus aureus   Alternaria 
  Corynebacterium diphtheriae   Bipolaris 
  Haemophilus infl uenzae   Mucor 
  Streptococcus pneumoniae   Candida 
  Pseudomonas aeruginosa   Curvularia 
 Anaerobic bacteria spp.  Sporothrix 

 Pseudallescheria 
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associated with its development. Similarly, Pandak et al. aimed to identify the bacteria in chronically infl amed sinuses and 
examined whether the bacteria found were colonizers or whether or not they actually infected the sinus mucosa [ 41 ]. 
Nasopharyngeal and sinus swabs were performed on 65 patients that underwent endoscopic sinus surgery, and a correlation 
between the cultures was made to determine if the nasopharyngeal swab could be of any signifi cance in determining the 
antimicrobial therapy of chronic sinusitis. They found that the bacteria from the nasopharyngeal swabs were similar to those 
isolated from the sinuses and therefore not pathogenic. Because the bacteria were found in both locations and since they did 
not detect a signifi cant number of leukocytes, they proposed that chronic sinusitis should be thought of as a chronic infl am-
matory condition rather than an infectious process. In addition, it was recommended that routine antibiotic therapy should be 
avoided except for cases in which there is an acute exacerbation of chronic sinusitis. 

 Low bacterial culture rates, lack of response to antibiotic therapy, and lack of correlation between bacteriological fi ndings 
and clinical features have led many clinicians to favor nonbacterial etiologies of chronic rhinosinusitis. However, over    the 
past few years, there is increasing evidence that bacterial biofi lms exist on the mucosa of CRS patients, and this is discussed 
in depth in another section of this text. The discovery of bacteria existing in alternative forms has led investigators to reex-
amine the role that bacteria may have in CRS. 

 Biofi lms are surface-associated communities of microorganisms that are encased in a protective extracellular polymeric 
matrix. Biofi lms lack the antibiotic susceptibility of planktonic bacteria and are reportedly up to 1,000 times more resistant 
to antimicrobials therapy [ 42 ]. In addition, the matrix serves to increase bacterial survival by protecting against host antibod-
ies, phagocytosis, complement binding, and antibiotic penetration [ 42 ]. Bacteria within biofi lms are able to share genetic 
material via plasmids. This allows for sharing of protective mechanisms and enables the bacteria to mutate and develop 
antibiotic resistance. Biofi lms have been implicated in playing a role in chronic rhinosinusitis resulting in poor disease pro-
gression and persistent sinonasal infl ammation [ 43 ,  44 ]. Singhal et al. conducted a prospective blinded study on 51 consecu-
tive patients undergoing endoscopic sinus surgery for CRS [ 43 ]. Biofi lms were found in 71 % of patients. The patients with 
biofi lms had more severe disease preoperatively and persistence of postoperative symptoms, mucosal infl ammation, and 
infections. 

 Biofi lms can be polymicrobial or made of a single species. Consequently, different biofi lm species are associated with 
different disease phenotypes. While, the presence of polymicrobial biofi lms is associated with worse preoperative disease 
severity, it did not affect the postsurgical outcomes [ 45 ]. In addition, patients with  H. infl uenzae  biofi lms present with milder 
sinus disease and have a faster recovery to normal sinus mucosa when compared to patients with  Staphylococcus aureus  
biofi lms [ 45 ,  46 ]. The importance of biofi lms in infection cannot be understated, and there is an entire chapter in this book 
dedicated to the discussion of the role of biofi lms in rhinosinusitis in much greater detail (see Chap.   7    ).  

    Fungal 

 Although bacteria have been implicated as being the culprit in many cases of CRS, fungi may also play a role. There is much 
debate about the exact function of fungi in the pathogenesis of CRS. The ubiquitous nature of fungi makes it present in both 
diseased and healthy individuals. While some believe that fungi are innocent bystanders that colonize the nasal and sinus 
cavities, others postulate that fungi are the primary etiology for CRS. 

 Fungal rhinosinusitis (FRS) is broadly classifi ed into invasive and noninvasive forms based on histopathological fi ndings. 
The invasive forms include acute invasive FRS, chronic invasive FRS, and granulomatous invasive FRS. The noninvasive 
forms include fungal ball, saprophytic, and eosinophilic-related FRS. 

 Acute invasive FRS is a very aggressive fungal infection that has signifi cant morbidity and a high mortality rate. It 
generally has a time course less than 4 weeks duration and occurs in immunocompromised and or poorly controlled 
diabetic patients. Biopsy and histopathological analysis of suspected tissue are critical in making a diagnosis. 
Histopathology demonstrates hyphal invasion of the nasal mucosa and underlying vasculature resulting in tissue necro-
sis. This disease has been shown to be caused by a variety of fungal species including Absidia, Aspergillus, Basidiobolus, 
Mucor, and Rhizopus [ 47 ,  48 ]. 

 In contrast to the acute invasive FRS, chronic invasive FRS has a more protracted course. This chronic condition is diag-
nosed after being present for more than 12 weeks and generally occurs in patients with a mild immunologic impairment. 
Similarly to acute invasive FRS, the tissue must be biopsied to verify tissue invasion. Although dense populations of hyphae 
are identifi ed under histopathological examination, vascular invasion is less likely and only occurs occasionally. While 
 Aspergillus fumigatus  is the most commonly isolated fungi and is cultured in more than 50 % of cases, Mucor, Alternaria, 
Curvularia, Bipolaris, Candida,  Sporothrix schenckii , and  Pseudallescheria boydii  species have been identifi ed [ 47 ,  48 ]. 
Despite the insidious nature of the disease, the outcome can be fatal. Thus, medical and surgical treatments are required. 
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 Chronic granulomatous invasive FRS is an extremely rare disease process that has been identifi ed in three cases in the 
United States as well as in Sudan, India, Pakistan, and Saudi Arabia [ 47 ,  48 ]. Similar to chronic invasive FRS, the symp-
toms of this disease must be present for at least 12 weeks. Interestingly, infected individuals are usually immunocompe-
tent and present with proptosis. Histopathology reveals fungal invasion with noncaseating granulomas and giant cell 
formation. Similar to the other invasive forms of fungal sinusitis, this infection can leave the paranasal sinuses and spread 
to other organs. 

 Fungal balls represent a form of noninvasive fungal infections. Fungal balls are an accumulation of densely packed fungal 
hyphae compacted into one sinus cavity, most commonly the maxillary sinus. However, the other sinuses can be affected. A 
variety of fungal species are capable of developing fungal balls, including  Aspergillus fl avus ,  Aspergillus fumigatus , 
Alternaria, and Mucor. Criteria for the diagnosis of fungal balls include:

    1.    No histologic evidence of fungal invasion of mucosa, associated blood vessels, or underlying bone   
   2.    Radiologic evidence of sinus opacifi cation with or without associated calcifi cations   
   3.    Mucopurulent, cheesy, or clay-like material within a sinus   
   4.    Dense conglomeration of hyphae separate from but adjacent to sinus respiratory mucosa   
   5.    A chronic infl ammatory response that does not include a predominance of eosinophils, allergic mucin, or a granulomatous 

response [ 49 ]    

  While fungal balls are not typically invasive, this is not always the case in an immunocompromised host. Patients with 
fungal balls usually present with symptoms suggestive of chronic sinusitis. 

 Another form of noninvasive fungal infection includes saprophytic fungal infections. The ubiquitous nature of fungal 
spores allows them to be continuously inhaled into the nasal airway. As a result, saprophytic fungal infections occur when 
fungal spores land and germinate on crust within the nasal cavity, commonly after sinus surgery. Treatment involves remov-
ing the crust. 

 Throughout the past few decades, eosinophilic-related FRS has evolved from just being a component of allergic fungal 
sinusitis to being considered a separate entity in which there is eosinophilic mucin.    The pathogenesis is thought to occur 
when sensitized individuals are exposed to the fungal allergens. The resulting immune response results in respiratory infl am-
mation and the production of “allergic” mucin. The allergic mucin blocks sinus drainage and traps the fungal particles. This 
further stimulates the reactive immune reactions leading to the accumulation of eosinophilic mucin and other infl ammatory 
mediators such as major basic protein, tumor necrosis factor B, eosinophil peroxidase, eosinophil-derived neurotoxin, and 
interleukins 4,5,10, and 13 [ 48 ]. 

 Allergic fungal sinusitis affects 8–12 % of patients with CRS [ 50 ]. It is diagnosed by the presence of fi ve criteria which 
include Type I hypersensitivity, nasal polyps, characteristic CT fi ndings, eosinophilic mucin without signs of fungal invasion, 
and positive fungal stain or culture [ 51 ] (Table  6.2 ). Patients present with signs and symptoms that are recalcitrant to tradi-
tional medical and surgical therapy. They also have characteristic allergic fungal mucin, which is a thick, tenacious, eosino-
philic secretion with the texture of peanut butter and characteristic histologic fi ndings. CT scans may demonstrate bony 
erosion and/or expansion and reveal heterogeneous signal intensity thought to be from hemosiderin and deposition of heavy 
metals such as iron and manganese [ 52 ] (Fig.  6.3 ).

          Although fungal detection within the mucin is important, the results should be interpreted with caution because the 
hyphae may be sparse and diffi cult to culture. The incidence of fungal microorganisms found within the sinuses varies from 
study to study. Ponikau et al. was able to obtain positive fungal cultures and allergic mucin in 96 % of patients with CRS, 
suggesting that the majority of CRS patients may actually have AFS [ 53 ]. However, the majority of his patients (58 %) did 
not demonstrate evidence of allergy or increased levels of IgE to fungus. These results put into question the role of IgE in the 
pathogenesis of AFS. Consequently, he proposed that the terminology of allergic fungal sinusitis be changed to eosinophilic 
fungal rhinosinusitis. 

 This new classifi cation of fungal sinusitis was further defi ned by Ferguson who performed a literature review and com-
pared 431 allergic fungal sinusitis patients to 69 eosinophilic mucin rhinosinusitis (EMRS) patients [ 54 ]. There were signifi -
cant clinical and immunological differences to distinguish AFS from EMRS. While AFS is an allergic response to fungi in 

   Table 6.2    Bent and Kuhn diagnostic criteria for allergic fungal sinusitis         

 1. Type 1 hypersensitivity 
 2. Characteristic CT fi ndings 
 3. Eosinophilic mucin without tissue invasion 
 4. Positive fungal stain/culture 
 5. Nasal polyposis 
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predisposed individuals, EMRS occurs because of a systemic immunological dysregulation. EMRS is a systemic disease and 
presents bilaterally, while the allergic response in AFS may occur unilaterally or bilaterally depending on the antigenic 
stimulation. In both disorders, medical therapy with steroids and other anti-infl ammatory agents, along with surgical extirpa-
tion, are the treatments of choice. The treatment of fungal rhinosinusitis is discussed in detail in Chap.   15    .      
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    Chapter 7   
 Biofi lms in Chronic Rhinosinusitis 

             Nithin     D.     Adappa       and     James     N.     Palmer     

           Introduction 

 Chronic rhinosinusitis (CRS) is one of the most common chronic medical conditions affecting between 14 and 16 % of the 
US population. Direct health-care costs are estimated to be greater than $5.8 billion per year. According to data from the 
National Health Interview Survey, rhinosinusitis continues to be one of the ten leading diagnoses of offi ce visits in the United 
States [ 1 – 5 ]. Patients with CRS consistently demonstrate lower quality-of-life scores than those suffering from chronic 
obstructive pulmonary disease, congestive heart failure, back pain, or angina [ 6 ,  7 ]. 

 Chronic infl ammation appears to be the hallmark of CRS. A number of factors have been implicated in this chronic 
infl ammation including asthma, allergic rhinitis, Gram-positive and Gram-negative infections, aspirin-sensitive asthma, fun-
gus, paranasal osteitis, nasal polyps, and superantigens. Although CRS is likely multifactorial, the common pathophysio-
logic fi nding is the development of ineffective paranasal sinus mucociliary clearance which subsequently results in stasis of 
sinonasal secretions and resultant infections and/or persistent infl ammation. Although this is not typical of all CRS, there is 
a subset of patients that develop chronic infl ammation despite maximal medical and surgical therapy. It is among this group 
of CRS patients that bacterial biofi lms may have the greatest impact.  

    Biofi lm Background 

 It is currently estimated that at least 65 % of all human bacterial infections may involve biofi lm formation. These include a 
diverse range of infectious processes, including dental caries, periodontitis, musculoskeletal infections, osteomyelitis, bacte-
rial prostatitis, endocarditis, and cystic fi brosis pneumonia. In the otolaryngology literature, biofi lms have been implicated 
in multiple areas including otitis media, CRS, chronic tonsillitis, adenoiditis, and device infections such as tympanostomy 
and tracheostomy tubes [ 8 ]. 

 Bacterial biofi lms are surface-associated communities of microorganisms encased in a protective extracellular 
matrix. The life cycle of a bacterial biofi lm can be divided into fi ve major components (Fig.  7.1 ). Biofi lms initially 
develop when free-fl oating, planktonic bacteria anchor to biologic or inert surfaces. The attached bacteria multiply and 
develop from a state of monolayer to a microcolony. At some point, they develop into a critical mass, in which inter-
bacterial cross talk occurs, triggering a phenomenon known as “quorum sensing” that leads to the biofi lm phenotype. 
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The bacteria subsequently respond collectively to express factors that are specifi c to the biofi lm phenotype, which 
subsequently leads to secretion of an exopolysaccharide matrix. Morphologically, this biofi lm phenotype is composed 
of layers and towers of embedded, live bacteria with interspersed water channels (Fig.  7.2 ). The exopolysaccharide 
matrix makes up as much as 90 % of the biofi lm [ 9 ]. Under the correct environmental conditions, the biofi lm releases 
free-fl oating bacteria and the cycle continues. Approximately 80 % of the world’s microbial biomass resides in the 
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  Fig. 7.1    Bacterial biofi lm life cycle       

 Fig. 7.2    Scanning electron microscopy demonstrating towers 
of Gram-negative bacteria with interspersed water channels 
( arrow )  
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biofi lm state. The National Institute of Health estimates that more than 75 % of the microbial infections that occur in 
the human body are related to the formation and persistence of biofi lms [ 10 ,  11 ].

              Microbiology of Bacterial Biofi lms 

 Bacterial biofi lm formation has been demonstrated in a plethora of bacteria including  Staphylococcus aureus ,  Streptococcus 
pneumoniae ,  Haemophilus infl uenzae ,  Moraxella catarrhalis , and  Pseudomonas aeruginosa . Prince et al. sampled 157 con-
secutive patients with CRS over a 4-month period, demonstrating that 28.6 % of samples demonstrated biofi lm growth.  P. 
aeruginosa  and  S. aureus  composed 71 % of the samples that had biofi lms [ 12 ]. Pseudomonas has also been demonstrated 
in cystic fi brosis infections [ 13 ,  14 ]. The remainder of the biofi lm samples in the study were polymicrobial with and without 
 P. aeruginosa , coagulase-negative staphylococci, and  H. infl uenzae . Other studies have corroborated this data. Sanderson 
and colleagues used confocal laser scanning microscopy (CLSM) and fl uorescein in situ hybridization (FISH) analyses to 
examine intraoperative samples taken from 18 patients with CRS undergoing septoplasty [ 15 ]. They demonstrated 78 % of 
the patients had detectable bacterial biofi lm formation. Interestingly, they found biofi lms on two of their fi ve control patients 
(no CRS), highlighting the need for a better understanding of the correlation between biofi lms and CRS.  

    Fungal Biofi lms 

 Numerous fungal species have also been shown to form biofi lms both in vitro and in vivo [ 16 ].  Candida  spp. are among the 
most common agents demonstrated in yeast biofi lm infections.  Cryptococcus ,  Pneumocystis ,  Aspergillus ,  Coccidioides , and 
other fungal species have also been identifi ed in biofi lm form. The most common fungal biofi lm associated with indwelling 
medical devices is  Candida albicans . Chandra et al. demonstrated that  Candida albicans  isolates in biofi lm form demon-
strated increased resistance to amphotericin B, nystatin, chlorhexidine, and fl uconazole when compared to planktonic 
 Candida  forms [ 17 ]. Characterization of fungal biofi lms has been challenging, but like their bacterial counterparts, develop-
mental phases have been identifi ed. The main phases of fungal biofi lm development include adhesion, fi lamentation, and 
hyphal and yeast proliferation with maturation and production of an extracellular matrix. The matrix consists predominantly 
of proteins, chitins, DNA, and carbohydrates. It acts to cover the biofi lm and serves as a protective layer against host immune 
factors, antifungal agents, and physical disruption of underlying cells. El-Aziz and colleagues demonstrated  Candida  spp. 
were able to form biofi lms by directly attaching to bacteria that have already colonized a surface [ 18 ]. 

 Fungal elements have been demonstrated within sinus mucosal biofi lms in CRS patients (Fig.  7.3 ) [ 18 ]. It has been theo-
rized that the fungi may contribute to the chronic infl ammation or possibly the fungi and bacteria interact in a symbiotic 
relationship to increase resistance to host defenses and treatment. Foreman et al. identifi ed mixed bacterial-fungal biofi lms 
from intraoperative specimens in patients with CRS [ 19 ]. Continued investigation is necessary to determine the effects fungal 
biofi lms have on CRS pathophysiology.

 Fig. 7.3    Scanning electron microscopy demonstrating 
confl uence of fungal ( white arrow ) and bacterial ( red arrow ) 
biofi lms in a chronic sinusitis specimen  
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             Evidence for Biofi lms in the Sinus 

 As biofi lms were implicated in various other chronic diseases including otitis media, osteomyelitis, periodontitis, and 
others, it was natural to look at the evidence for biofi lms in CRS. We originally described bacterial biofi lms in the 
paranasal sinuses. Initially, using scanning electron microscopy (SEM), morphological features characteristic of bio-
fi lms, including water channels and the exopolysaccharide matrix, were identifi ed in 6/6 sinus stents removed from 
CRS patients. The culture demonstrated  Pseudomonas aeruginosa  on all six patients. We subsequently examined ster-
ile stents placed in a Pseudomonas culture media for 48 h and identifi ed identical biofi lm structures [ 20 ]. These fi nd-
ings were then corroborated in an animal model in which rabbits were inoculated with Pseudomonas for varying time 
courses (1–3 weeks) and all demonstrated biofi lm formation on the epithelium of the infected mucosa compared to lack 
of biofi lm formation on non-inoculated (control) rabbit group [ 21 ]. The authors ultimately demonstrated bacterial bio-
fi lms on the sinonasal mucosa of 16 recalcitrant CRS patients. Of the 16 patients, they demonstrated signs of infection 
including loss of cilia in all patients, and 25 % had near total coverage of the apical surface with a slime consisting of 
biofi lm characteristics [ 22 ]. 

 Since this time, enormous investigation has been ongoing both in our lab and others regarding biofi lms (Table  7.1 ). 
Others, using a variety of techniques, including SEM, transmission electron microscopy (TEM), in situ FISH hybridization, 
and CLSM, have subsequently demonstrated the presence of bacterial biofi lms in sinuses (Fig.  7.4 ) [ 15 ,  23 ,  25 ].

   Table 7.1    Evidence of biofi lms in chronic rhinosinusitis patients   

 Author  Examination method  Biofi lm/total patients (%)  Patient characteristics 

 Cryer et al. [ 22 ]  SEM  4/16 (25)  OR revision—FESS specimen or offi ce debridement 
 Ferguson and Stolz [ 23 ]  TEM  2/4 (50)  OR or offi ce biopsy 
 Bendouah et al. [ 24 ]  In vitro formation  16/19 (84)  Offi ce culture from post-FESS patient 
 Ramadan et al. [ 25 ]  SEM  5/5 (100)  OR FESS specimen 
 Sanderson et al. [ 15 ]  FISH  Patients 14/18 (77)  Patients—OR FESS biopsy 

 Controls 2/5 (40)  Controls—OR septoplasty biopsy 
 Sanclement et al. [ 26 ]  SEM and TEM  Patients 24/30 (80)  Patients—OR FESS specimen 

 Controls 0/4 (0)  Controls—OR septoplasty or CSF leak specimen 
 Psaltis et al. [ 27 ]  CSLM  Patients 17/38 (44)  Patients—OR FESS specimens 

 Controls 0/9 (0)  Controls—OR endoscopic TSA specimen 
 Psaltis et al. [ 28 ]  CSLM  20/40 (50)  OR FESS specimens 
 Prince et al. [ 12 ]  In vitro formation  45/157 (28.6)  Offi ce cultures 

   CLSM  confocal laser scanning microscopy,  CSF  cerebrospinal fl uid,  FISH  fl uorescent in situ hybridization,  OR  operating room,  SEM  scanning 
electron microscopy,  TEM  transmission electron microscopy,  TSA  transsphenoidal approach for pituitary lesion  

  Fig. 7.4    ( a ) Fluorescent in situ hybridization (FISH) demonstrating a pseudomonas biofi lm. ( b ) Confocal laser scanning microscopy visualizing 
biofi lm formation       
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    A study using Calgary biofi lm assay later demonstrated the prevalence of 28.6 % of bacterial biofi lm formation in swabs 
collected from patients with CRS [ 12 ]. Using a similar method, Bendouah et al. demonstrated that when  Staphylococcus 
aureus  or  Pseudomonas aeruginosa  recovered from CRS patients are able to form biofi lms, they are associated with an unfa-
vorable postoperative course based on nasal endoscopy and quality-of-life scores [ 24 ]. 

 Although mounting literature suggests a link between biofi lms and CRS in humans, there is no study demonstrating any 
causal association in the pathophysiology of CRS. Current investigation has not been able to clearly demonstrate which fac-
tors determine the persistence and growth of biofi lms on the sinonasal mucosa of the host. Part of the challenge of studying 
biofi lms is the diffi culty in studying viable tissue cultures even in animals. As previously mentioned, the standard approaches 
to study biofi lms have included SEM and TEM. These techniques provide detailed imaging of the intricate architecture, 
developmental stages, and polymicrobial nature of biofi lms. That said, both of the techniques can be limited in clinical utility 
due to diffi culties in fi xation, the presence of artifacts in the fi xation process, and the challenge to identify individual bacterial 
species. SEM has additional limitations in differentiating between mucus, clot, and biofi lm, whereas TEM only renders a 
two-dimensional section of the biofi lm [ 23 ]. Other techniques including in situ FISH and confocal laser scanning provide 
three-dimensional biofi lm structures and information but carry their own set of limitations (Table  7.2 ).

   With study limitations on biofi lms, few investigations have been able to successfully identify interactions between the 
host and the biofi lm. Starner et al., using broncho-epithelial human cells, demonstrated that  H. infl uenza  biofi lms grown on 
these cell cultures evoked an infl ammatory response with an increase of NF-κB, IL-8, TNF-alpha, and MIP-3alpha (macro-
phage infl ammatory protein) [ 30 ]. Studies are ongoing to identify and understand the different mechanisms of host-biofi lm 
interaction in the sinonasal mucosa, specifi cally looking to identify what drives the formation of biofi lms in certain patients, 
and the development and understanding of the humoral and cellular defense responses involved.  

    Factors Implicated Biofi lm Formation in the Paranasal Sinuses 

 Since the identifi cation of biofi lms in the sinonasal mucosa, investigators have been attempting to fi nd risk factors associated 
with biofi lm formation. Zhang et al. provide the largest clinical study to date [ 31 ]. They prospectively evaluated 518 patients 
with CRS to identify for biofi lms and subsequently investigate for risk factors. Of the patients, 108 (20.9 %) demonstrated 
biofi lm formation in vitro. They demonstrated that biofi lm formation in vitro was not signifi cantly associated with polyps, 
allergy, Samter’s triad, sleep apnea, smoking status, age, or gender. They did fi nd biofi lms signifi cantly associated with posi-
tive culture results, prior sinus surgeries, and nasal steroid use within the month prior to collection. The data continues to be 
equivocal. Although there may be an association, it is also possible that patients with biofi lms may have more persistent 
symptoms and infl ammation, thus resulting in a greater number of surgeries. On the same note, these patients may be more 
likely to be placed on nasal steroids to reduce endoscopically evaluated infl ammation. 

 Another study performed at the University of Pennsylvania looked at patient-cultured biofi lms to identify effects of smok-
ing [ 32 ]. They cultured the biofi lms of both smokers and nonsmokers and subsequently introduced smoke exposure to the 
cultures. What they demonstrated was that patients who smoke had bacterial isolates that were more prone to produce biofi lm 
material in response to additional smoke exposure than nonsmokers. They also found that growth of the bacterial isolates from 
smokers in the absence of tobacco smoke produced a biofi lm formation phenotype characteristic of the bacterial isolates from 
nonsmokers. This suggests a reversibility of the tobacco effect on active smokers pertaining to biofi lm formation. Additionally, 
these phenotypic switches fostered by tobacco smoke exposure or removal were not identifi ed in a single organism, but rather 
it was identifi ed in eight different species. The authors went on to speculate that these responses represent a well-conserved, 
global microbial response to tobacco smoke exposure and could potentially represent a novel therapeutic target.  

   Table 7.2    Techniques for identifying biofi lms   

 Method  Advantage  Disadvantage 

 SEM  Detailed morphology  Diffi cult to distinguish between biofi lm and clot 
 TEM  High-power detail of architecture  Two-dimensional image, labor-intensive specimen processing 
 Live/dead staining 

with CSLM 
 Easy processing, with good three-dimensional 

information 
 Inability to distinguish microbial species 

 FISH with CSLM  Three-dimensional information with ability to 
detect specifi c microbial species 

 Mild degradation of image due to permeabilization, and limit of 
three to four microbial species 

 CV staining  Inexpensive, high throughput  Does not assess in vivo biofi lms 

  Based on data from Ref. [ 29 ] 
  SEM  scanning electron microscopy,  TEM  transmission electron microscopy,  CLSM  confocal laser scanning microscopy,  FISH  fl uorescent in situ 
hybridization,  CV  crystal violet  
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    Methods of Antibiotic Resistance 

 Evolutionarily, biofi lm formation is thought to provide a mechanism for enhanced bacterial survival. A hallmark of bacterial 
biofi lms is increased antibiotic resistance. Bacterial biofi lms show 10–1,000-fold less sensitivity to antibiotics than bacteria 
growing in culture [ 9 ,  10 ]. Signifi cant investigation is ongoing to establish the exact mechanism of antibiotic resistance. 

 At the current time, the antibiotic resistance appears to be multifactorial in etiology (Table  7.3 ). One method of resistance 
may be the diffi culty in penetration of the biofi lm exopolysaccharide alginate coat. This is currently under investigation, as 
concentration studies demonstrate that antibiotics can, in fact, diffuse effi ciently into biofi lms, thus contradicting this theory 
[ 9 ]. A large portion of the biofi lm is comprised of water   , and this allows for diffusion of antibiotics down the water channels 
into the core regions of the biofi lm. Another proposed method of resistance argues that antibiotics may be deactivated or 
neutralized when the positively charged antibiotics interact with the negatively charged polymers of the biofi lm matrix. A 
third theory suggests that bacteria may be forced into a nongrowing state in the basal layers of the biofi lm due to the accrual 
of waste products and depletion of needed substrates. This results in a state of suspended animation that confers relative 
resistance to antibiotics as the majority of antibiotics work only on actively dividing bacteria. Alternatively, osmotic forces 
from changing nutrient gradients could create a stress response that results in fewer porins in the bacterial cell wall, poten-
tially leading to decreased diffusion of antibiotics into the bacterial cytoplasm.

   Additionally, the biofi lm environment provides an ability for the bacteria to transfer genetic information through plasmids 
to promote genetic variability and adaptive mutations such as antibiotic resistance. A key component to understanding bio-
fi lm host evasion systems is the heterogeneous morphology of biofi lms. Essentially, the biofi lm phenotype is highly depen-
dent on the surrounding environment. For example, bacterial biofi lms that have developed on mucosal surfaces, termed 
“mucosal biofi lms,” are bacterial biofi lms that have formed in the unique environment of ciliated mucosa. The mucosal 
biofi lms have a unique cascade of gene expression and different microenvironments compared with biofi lms that form on 
inert surfaces because the former will be modifi ed by the host infl ammatory response and may incorporate some of the host 
proteins, waste products, and cellular debris [ 13 ]. In the paranasal sinuses, this results in a chronic disease state with intermit-
tent acute infections when the biofi lm releases planktonic bacteria, resulting in new implantation and population of addi-
tional anatomic locations. Although a number of antibiotic resistance theories are currently under investigation, the reality is 
it is likely a combination of the aforementioned mechanisms. 

 Current investigation also has found subtherapeutic doses of certain antibiotics may potentially induce biofi lm formation. 
A recent report by May et al. demonstrates that subinhibitory concentrations of antibiotics trigger biofi lm formation in 
 Escherichia coli  and the induction of antibiotic effl ux pumps [ 33 ]. The study suggests that subtherapeutic doses of antibiotic 
treatment can trigger biofi lm formation and lead to chronic infection. Similarly, Hoffman and colleagues demonstrated the 
induction of biofi lm formation in  Pseudomonas aeruginosa  and  Escherichia coli  secondary to subtherapeutic concentrations 
of aminoglycoside antibiotics [ 34 ]. Certain Pseudomonas may have a gene, aminoglycoside response regulator (arr), that 
contributes to this biofi lm-specifi c aminoglycoside resistance. This is potentially a source of bacterial resistance in CRS, 
especially in individuals undergoing topical aminoglycoside irrigations at subtherapeutic concentrations.  

    Treatment of Biofi lm-Associated CRS 

 Ongoing investigation into biofi lm treatment and management is currently underway. New treatments including surgery, 
topical antibiotics, surfactant therapy, and disruption of quorum sensing mechanism are being evaluated (Table  7.4 ).

   Surgical intervention is aimed at improving the ventilation of affected sinuses. Surgery is considered to be effective 
against biofi lms by increasing oxygen tension, mechanically disrupting biofi lms, and assisting with the host’s natural 
defenses to clear infections. In addition, surgical ventilation allows for improved access for further topical therapy high-
lighted below. The utilization of topical medications is an alternative method aimed at delivering high concentrations of 

   Table 7.3    Methods for bacterial biofi lm resistance to antibiotics   

 Possible methods for bacterial biofi lm resistance to antibiotics 

 Deactivation or neutralization of antibiotic 
 Quiescent bacteria (with decreased oxygen and nutritional needs) in biofi lm form resist antibiotics that are predominantly eradicating actively 

dividing bacteria 
 Decreased penetration of antibiotics into biofi lm exopolysaccharide matrix 
 Decreased porins in the bacterial cell wall that inhibit diffusion of antibiotic 
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antibiotics directly to sinus mucosa and biofi lms. Topical antibiotics allow for higher concentrations that can be applied 
directly to biofi lms with potentially lower systemic side effects than parenteral antibiotics. Desrossiers et al. examined mupi-
rocin in vitro against various strains of  S. aureus  to determine the effects on biofi lm growth [ 37 ]. After 24 h, the mupirocin 
at concentrations of 7.8–125 ug/ml eradicated 90 % of biofi lms in all isolates. The study demonstrated that mupirocin’s 
broad-spectrum activity makes it an attractive treatment option for CRS-related biofi lms. A study from the Cleveland Clinic, 
although not specifi cally addressing biofi lms, demonstrated encouraging data supporting the use of topical mupirocin nasal 
irrigations as an alternative to intravenous antibiotics in the treatment of acute exacerbations of methicillin-resistant 
 Staphylococcus aureus  (MRSA)-associated CRS [ 38 ]. Patients using mupirocin in sinus irrigations showed improved symp-
toms and reduced MRSA recovery on follow-up cultures. Alternative topical therapies continue to be investigated. Alandejani 
et al., for example, demonstrated that honey was effective against  S. aureus  and  P. aeruginosa  biofi lms in vitro [ 39 ]. They 
found honey eradicated 73 % of MRSA biofi lms and 91 % of pseudomonas biofi lms. The clinical utility of honey for patients 
with biofi lm-associated CRS is yet to be established. 

 Innate immune proteins also have been studied as therapeutic agents. LL-37 is a peptide that is secreted in saliva and sweat 
and expressed in leukocytes. It is believed to be a part of the innate immune system. Chennupati et al. demonstrated that LL-37 
was able to eradicate  Pseudomonas aeruginosa  biofi lms in a rabbit model of CRS [ 40 ]. In their study, high concentrations of 
topical tobramycin with 2.5 mg/ml of LL-37 were effective in signifi cantly lowering bacterial counts and biofi lm levels. They 
did, however, identify that high concentrations of LL-37 showed proinfl ammatory and ciliotoxic effects on sinus mucosa. 

 Finally, it has been proposed that surfactants can break up biofi lms and subsequently allow bacteria and debris to be irrigated 
from the sinuses. Chiu and colleagues explored the use of baby shampoo as a chemical surfactant to disrupt biofi lm integrity [ 35 ]. 
In a prospective, nonrandomized study, post-FESS patients were irrigated with 1 % baby shampoo in saline for 4 weeks. 46.6 % 
of patients had subjective improvement of sinonasal outcome test scores, and 63 % had improvements in olfaction as determined 
by the University of Pennsylvania Smell Identifi cation Test (see Chap.   18    ). In addition, they determined that endoscopic appear-
ance of the cavity after shampoo treatment demonstrated decreased edema and polypoid degeneration. Adappa and colleagues are 
currently investigating the use of a combination of surfactant and antibiotic therapy in vitro and have demonstrated a synergistic 
therapeutic effect on both MRSA and  Pseudomonas aeruginosa  biofi lms (unpublished data). Further clinical investigation is still 
necessary, but both studies suggest that surfactant-based therapies may aid in the treatment of biofi lm-related CRS. 

 Long-term macrolide therapy has been shown to improve sinonasal symptoms in select patients with CRS [ 43 ]. 
Investigators have demonstrated that low-dose macrolide therapy, signifi cantly below established minimal inhibitory concen-
tration for  Pseudomonas , has some success in decreasing biofi lm formation. Tre-Hardy et al. showed that the combination 
of clarithromycin and tobramycin had marked synergistic effects on in vitro biofi lms of  P. aeruginosa  than either of the two 
drugs used alone [ 41 ]. In addition, Tateda and colleagues demonstrated azithromycin was shown to decrease quorum sensing 
in a  P. aeruginosa  wild-type strain [ 42 ]. The study shows encouraging results using subminimum inhibitory concentrations 
of macrolides, which may become a useful adjuvant strategy to treat biofi lm-associated CRS in the future. 

 Future directions for biofi lm-associated CRS include treatment at a cellular and molecular level. Specifi c molecular tar-
gets of the biofi lm life cycle show promise. Interrupting attachment phases by disrupting the type IV pili of  Pseudomonas  is 
one such avenue of investigation [ 44 ]. Disruption of quorum sensing also demonstrates promise. It is possible to interrupt 
quorum sensing through a variety of novel mechanisms that affect quorum sensing signaling pathways, including the substi-
tution of furanones and the enzymatic cleavage of acyl-homoserine lactones [ 45 ,  46 ].  

    Conclusions 

 Since the initial description of sinonasal biofi lms in 2004, signifi cant research has been conducted regarding the implications 
of biofi lms in CRS, as well as treatment modalities. Data continues to mount showing a contributory role of biofi lms in 
recalcitrant CRS. Current investigation is focused on the clinical role of biofi lms, genetic predisposition toward biofi lm 

  Table 7.4    Potential 
sinonasal biofi lm treatment 
options  

 Method  Description 

 Mechanical  Surgery 
 Surfactant  Baby shampoo irrigation [ 35 ] 

 Citric acid/zwitterionic surfactant [ 36 ] 
 Antimicrobial  Topical mupirocin irrigations for  S. aureus  [ 37 ,  38 ] 

 Honey for  S. aureus  and  P. aeruginosa  biofi lm [ 39 ] 
 Innate immunity proteins [ 40 ] 

 Quorum sensing disruption  Macrolide therapy [ 41 ,  42 ] 
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formation, and infl ammatory response to mucosal biofi lms. Regardless of the etiology, the primary treatment modality of 
CRS includes topical and systemic antimicrobial and anti-infl ammatory agents with surgical ventilation providing both aera-
tion and improved application of topical therapies. The data so far demonstrates that bacterial biofi lms show increased anti-
bacterial resistance. Accordingly, novel therapeutic approaches are under investigation to provide both prophylaxis against 
biofi lm formation as well as eradication of preexisting sinonasal biofi lms. Encouraging data demonstrating effi cacy of topi-
cal antibiotics both alone and in combination with surfactant therapy has been reported, although additional clinical trials are 
necessary to ultimately confi rm the safety of these measures. Although, at this point, surgical intervention is the mainstay of 
therapy for recalcitrant CRS, improved understanding of the pathophysiology of biofi lms will impact the development of 
improved biofi lm treatment modalities.     
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    Chapter 8   
 Fungus in Sinus Disease 

             Matthew     W.     Ryan      ,     Ng     Yuk     Hui      , and     Mohammad     O.     Aloulah     

           Introduction 

 Fungal rhinosinusitis appears to be more common than in decades past. This apparent increase may be due to greater 
 awareness among healthcare practitioners, an excessive use of antibiotics for upper respiratory symptoms, and a greater 
population of immunocompromised individuals. Many aspects of fungal rhinosinusitis remain poorly understood, and diag-
nostic distinction between fungal rhinosinusitis and other forms of rhinosinusitis can be a challenge. However, a revised 
nomenclature and a clearer understanding of the risk factors, natural history, and prognosis of fungal sinus disease have 
simplifi ed the diagnosis and treatment approach. The aim of this chapter is to give an overview of the diagnosis and treatment 
of fungal disease in the sinuses.  

    Classifi cation of Fungal Sinus Disease 

 Fungal disease was reported as early as 1791 by Plaignaud. Since that time descriptions of fungal disease focused on the 
causative organism, leading to terms such as “aspergillosis,” “mucormycosis,” and “zygomycosis.”  Aspergillus  is the most 
common organism to cause fungal sinusitis. However, it is now clear that aside from selecting an appropriate antifungal 
agent, the particular organism involved is not salient in the diagnosis or classifi cation of fungal rhinosinusitis. As a result, 
terms such as “mucormycosis” are not recommended for describing fungal sinus disease. 

 In 1965 Hora [ 1 ] described the clinical and histopathological distinction between invasive and noninvasive fungal infec-
tions of the sinuses, highlighting for the fi rst time the importance of differentiating invasion as an indicator of prognosis and 
need for emergent treatment. We now recognize tissue invasion to be one of the most important factors for determining the 
appropriate treatment for fungal rhinosinusitis. The host’s immunologic response to the fungus is an additional factor in 
determining the manifestation of fungal rhinosinusitis in a particular patient. Katzenstein et al. [ 2 ] described “allergic 
 Aspergillus  sinusitis,” a clinical presentation of fungal disease characterized by type 1 hypersensitivity, polypoid rhinosinus-
itis, and sinus mucus that resembled the bronchial aspirates of patients with allergic bronchopulmonary aspergillosis (ABPA). 

 Fungal disease of the sinuses has been classifi ed into fi ve distinct categories [ 3 ]. The forms of noninvasive fungal disease 
are  saprophytic colonization ,  fungus ball , and  allergic fungal rhinosinusitis  (AFRS). Saprophytic colonization with the 
growth of fungus on dried mucus secretions is usually asymptomatic, and the condition is detected as an incidental fi nding. 
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Hence, it is not usually considered in the classifi cation of fungal rhinosinusitis. A fungus ball is a collection of dense debris 
usually found in a single sinus. Histologically, a fungus ball is noninvasive and appears under the microscope as a collection 
of fungal hyphae. In comparison, allergic fungal rhinosinusitis (AFRS) usually occurs in atopic patients and involves mul-
tiple sinuses, and multiple sinuses contain mucus that is fi lled with eosinophils and fungal elements. Invasive fungal rhino-
sinusitis can be divided into acute and chronic forms. Acute invasive fungal rhinosinusitis (AIFRS) usually occurs in the 
immunocompromised host and is associated with rapid progression and poor prognosis. Chronic invasive fungal rhinosinus-
itis (CIFRS) on the other hand usually occurs in the immune-competent patient. As its name suggests, the clinical course is 
less aggressive. CIFRS has been further divided into a granulomatous and nongranulomatous form, although they both seem 
to follow the same clinical course [ 4 ]. 

 Fungal rhinosinusitis is relatively uncommon, with a majority of cases being noninvasive. Studies have shown up to 7 % 
[ 5 ] of chronic rhinosinusitis cases taken to surgery have a noninvasive fungal pathology. In comparison, invasive forms of 
fungal rhinosinusitis are rarer. AIFRS is largely a disease of the immunocompromised and has classically been described in 
immunocompromised patients with neutropenia or diabetic ketoacidosis. The annual incidence in patients with leukemia has 
been reported to approach up to 3.4 % [ 6 ] in this immunocompromised population. Chronic invasive fungal rhinosinusitis is 
extremely rare in the United States [ 4 ] and is more common in dry desert regions in Sudan and Saudi Arabia [ 7 ].  

    Role of Fungi in Chronic Rhinosinusitis 

 Chronic rhinosinusitis is a heterogeneous group of disorders with similar symptomatic presentation but without a single 
unifying etiology. Fungi have traditionally been accorded a small role in causing chronic sinus disease. However, a report in 
1999 [ 8 ] suggested that most cases of chronic rhinosinusitis are caused by environmental fungi. This report described the 
presence of fungi in 96 % of patients with CRS (though also in 100 % of “normal” controls) utilizing a novel method of 
specimen collection and culture to identifying fungi in nasal mucus. Further publications postulated that ubiquitous fungi in 
the environment evoke an eosinophilic infl ammatory response that results in the chronic infl ammation of CRS [ 9 ]. Subsequent 
investigation focused on eradicating the fungus in an attempt to treat CRS. In a small randomized double-blind placebo- 
controlled trial published in 2005 [ 10 ], topical treatment with amphotericin B led to a small improvement in CT and endo-
scopic fi ndings in patients with CRS. Multiple randomized trials of antifungal therapy have now been performed, and reviews 
[ 11 ,  12 ] from the various subsequent trials showed no benefi t of systemic or topical antifungal therapy on patients with CRS. 
In particular, a Cochrane review [ 12 ] of 6 trials on 380 patients showed that patients treated with antifungal therapy actually 
had worse symptom scores and a higher rate of adverse effects than those treated with placebo. 

 Limited laboratory data exist to provide support for the “fungal hypothesis” of CRS pathogenesis. Shin et al. [ 9 ] showed 
that exposure of peripheral blood mononuclear cells (PBMCs) of patients with CRS to fungal antigens (especially  Alternaria ) 
resulted in an increase in IL-5 and IL-13 production, while normal control PBMCs did not. These results lend support to the 
notion that fungal exposure in CRS patients incites an eosinophilic response that is not seen in normal individuals. However, 
these results were not replicated in a later study by Orlandi et al. [ 13 ] who found both IL-5 and IL-13 production increased 
in both CRS and normal patients following  Alternaria  exposure. Recent studies have also focused on the presence of fungal 
biofi lms in patients with CRS [ 14 ]. In a study of 50 patients with CRS and 10 controls, fungal biofi lms were found to be 
present in 11 of the 50 study subjects and none of the controls. Of the 11 subjects with fungal biofi lms, 9 had concomitant 
bacterial biofi lms present. Although the data suggests that biofi lms are more prevalent in patients with CRS than controls, 
there is a lack of defi nitive evidence suggesting that the presence of the fungal biofi lm contributes to the disease process of 
CRS. Furthermore, there is no evidence that the removal of such these fungal biofi lms result in a resolution of CRS. Without 
a clearly defi ned pathophysiology and a clear demonstration of cause and effect, the hypothesis that fungi is the cause of CRS 
has been widely rejected, putting an end to more than a decade of controversy.  

    Microbiology of Fungi 

 Fungal classifi cation can be confusing due to the large number of terms and different classifi cation systems that have been 
developed. On a microscopic level, fungi can appear as a mold or yeast. A mold is distinguished by its multicellular colony 
with fi laments or hyphae (which may appear septated). In comparison, yeast appears as a spherical or ellipsoid unicellular 
form. Certain fungi are able to grow as yeast or as a mold depending on physical conditions. Fungi are also able to exist in 
both sexual and asexual forms, each having its own name. The asexual name is most commonly used in the medical 
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literature. Depending on the presence of septations and pigment and branching patterns, these fungi can be broadly classifi ed 
as mucoraceae, hyaline molds, or dematiaceous molds (Table  8.1 ). Although the specifi c genera may cause more than one 
pathology, certain pathologies are more likely associated with specifi c fungi. For example, acute invasive fungal rhinosinus-
itis is commonly associated with  Mucor  or  Aspergillus , fungus balls are almost commonly caused by A spergillus , and aller-
gic fungal rhinosinusitis is commonly associated with  Alternaria ,  Bipolaris , and other dematiaceous molds.

       Diagnostic Tests 

 The diagnosis of fungal rhinosinusitis requires the demonstration of fungus in tissue or sinus contents. Identifi cation of fun-
gal elements in surgical specimens can be diffi cult even with special stains. While some molds may stain with the Gram or 
hematoxylin–eosin stains, special stains like Gomori methenamine silver (GMS) or periodic acid–Schiff (PAS) demonstrate 
fungi better. Often, potassium hydroxide may be added to dissolve away human cells so that the fungi can be better seen. 
Fungal cultures may take weeks for results to return, may be affected by bacterial contamination, and are hard to interpret 
due to their variable yield [ 15 ]. Recently, attention has been turned to polymerase chain reaction techniques as well as ELISA 
identifi cation of fungal specifi c antigen for rapid diagnosis of invasive fungal conditions [ 16 ,  17 ]. However, these advanced 
diagnostic tools have not been adequately studied in sinus disease.  

    Fungus Ball 

 A fungus ball is the common term used to describe a gross collection of fungal elements within a sinus. The previous terms 
“mycetoma” or “aspergilloma” have given way to this preferred terminology. A    more precise description would also include 
the site as well as the causative organism [ 18 ], for example, “maxillary sinus fungus ball due to  Aspergillus .” A fungus ball 
may be an incidental fi nding in patients undergoing endoscopic surgery for chronic rhinosinusitis or incidentally noted on 
head and neck imaging. When symptomatic, the clinical presentation is similar to other forms of chronic rhinosinusitis with 
patients reporting symptoms such as nasal obstruction, postnasal drainage, facial pain, and a foul-smelling discharge. These 
symptoms may wax and wane with associated bacterial infection of the diseased sinus. Patients who develop fungus balls 
are typically not atopic or immunocompromised and usually belong to the older age group [ 19 ]. Fungus balls are usually 
found in the maxillary or sphenoid sinus but may also occur in the ethmoid and frontal sinuses. Some even involve multiple 
adjacent sinuses [ 20 ]. 

 Computed tomography (CT) imaging usually shows an isolated sinus with heterogeneous opacifi cation due to the pres-
ence of fungal debris within the sinus with surrounding mucosal infl ammation. In about 65 % of cases, the fungus ball may 
show apparent calcifi cations [ 21 ] (Fig.  8.1a–c ). In chronic cases, there may be thickening of the surrounding bone or bony 
erosion [ 22 ].

   Grossly, fungus balls are composed of thick yellowish green, cheesy material. Histological examination of the fungus ball 
reveals tangles of fungal hyphae that are extramucosal and noninvasive into the sinus tissue (Fig.  8.2 ). Calcifi cations and 
oxalate crystals may also be found within the sinus contents [ 20 ]. Despite the gross presence of many apparently viable 
fungal elements, negative fungal cultures are common [ 19 ].  Aspergillus  is the most common causative organism.

   Table 8.1    Common fungal pathogens           

 Category  Genera 

 Mucoraceae   Mucor  
  Rhizopus  
  Rhizomucor  
  Absidia  

 Hyaline molds   Aspergillus  
  Fusarium  
  Pseudallescheria  

 Dematiaceous molds   Alternaria  
  Bipolaris  
  Curvularia  
  Exserohilum  
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  Fig. 8.2    Histopathology of a fungus ball. Large masses 
of densely packed fungal hyphae with feathered borders. 
The hyphae are densely packed, and the branching septate 
hyphae are readily identifi ed under high magnifi cation       

  Fig. 8.1    ( a ) CT scan of fungus ball. Axial CT demonstrating the presence of a fungal ball in the maxillary sinus. Note the heterogeneous opacifi ca-
tion and presence of calcifi cation. ( b ,  c ) MRI of fungus ball. Corresponding axial MRI T1 ( b ) and T2 images ( c ) of the same patient. Note the 
presence of surrounding mucosal infl ammation and the hypodense appearance of the fungus ball       

   The pathogenesis of a fungal ball requires trapping of fungal spores within a sinus followed by proliferation and  associated 
impairment of the normal clearance of mucus from the sinus. Fungus balls grow slowly and if they do not evoke a signifi cant 
infl ammatory response may remain asymptomatic for months to years. If the fungus ball expands in the presence of sinus 
outfl ow tract obstruction, a mucocele may form (an expanded opacifi ed sinus). The diseased sinus is susceptible to acute or 
chronic bacterial infection. 

 Treatment for a fungus ball aims to remove the fungus and restore normal drainage and aeration of the involved sinus. 
This is usually achieved through an endoscopic approach [ 22 ]. Postoperative management usually consists of saline irriga-
tion. Although microbiological cultures of the extracted fungus ball may harbor aerobic and anaerobic bacteria [ 23 ], their 
signifi cance is not well understood, and symptoms generally resolve without the use of antibiotics or antifungal medications. 
Recurrences of a fungus ball are rare [ 19 ], and these are quite easily managed with endoscopic removal through the surgical 
sinusotomy.  

    Allergic Fungal Rhinosinusitis 

 Allergic fungal rhinosinusitis was fi rst described as a distinct clinical entity when it was noticed that the thick, dark, sticky 
nasal mucus in these patients was similar to the inspissated bronchial mucus of patients with bronchopulmonary aspergillo-
sis. Microscopically, this “eosinophilic mucin” contains eosinophils, lysophospholipase crystals (Charcot–Leyden crystals), 
and occasional fungal elements.  Aspergillus  was initially thought to be the causative organism giving rise to the term “ allergic 
 Aspergillus  sinusitis.” However, as studies showed that dematiaceous fungi [ 24 ] were more commonly isolated, the 
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terminology has shifted to allergic fungal rhinosinusitis (AFRS). Although the type of fungi isolated does not affect the 
 clinical presentation or course of the disease, its presence is important to fulfi ll the diagnostic criteria of AFRS. AFRS is the 
commonest form of fungal sinus disease, though epidemiologic data is lacking. This disease usually occurs in the immune- 
competent, young patient with a history of atopy. It has a particular geographical distribution and seems to be more prevalent 
in the southern United States [ 25 ]. The pathogenesis, while still not resolved, is believed to include a combination of a Gell 
and Coombs type I and III sensitivity to fungal antigens. This theory is supported by elevated levels of fungi specifi c IgE and 
IgG [ 26 ] in patients with AFRS. Changes of these levels seem to correspond with symptoms [ 27 ], and there is evidence sug-
gesting improved outcomes with fungal desensitization [ 28 ]. 

 The original diagnostic criteria for AFRS were described by Bent and Kuhn [ 29 ], who based their description on a series 
of 15 patients. Their criteria included (1) type 1 hypersensitivity as evidenced by serum IgE, skin testing, or clinical history; 
(2) nasal polyps; (3) characteristic computed tomographic fi ndings of serpiginous areas of high attenuation in affected 
sinuses; (4) presence of eosinophilic mucus without fungal tissue invasion; and (5) positive fungal smear in the mucus (see 
Table  8.2 ). Although alternative diagnostic criteria exist, these are the most widely accepted.

   In some patients, fungal elements cannot be identifi ed in the allergic mucin, giving rise to the term “AFS-like syndrome” 
[ 30 ] and “eosinophilic mucin rhinosinusitis” (EMRS) [ 31 ]. Yet another group of patients have identifi able fungi but do not 
show the characteristic IgE-mediated allergy to the fungi [ 32 ]. The relationship of these groups of patient with the originally 
described AFRS is now controversial. These inconsistencies have raised doubts about the role of fungi and allergy in the 
development of AFRS and demonstrate that the exact pathogenesis of AFRS remains elusive. 

 Patients with AFRS are typically adolescents or young adults. Older patients with similar presentations are more likely 
to have “eosinophilic mucin rhinosinusitis.” A previous history of allergic rhinitis or asthma is common and the clinical 
evolution of sinus symptoms usually gradual. Patients commonly present with the typical symptoms of polypoid sinonasal 
infl ammation, often with unilateral symptoms of nasal obstruction, anosmia, postnasal drip, and the production of charac-
teristic thick, dark mucus (Fig.  8.3 ). In severe cases, there may be diplopia, proptosis, or telecanthus resulting from muco-
cele impingement on the orbital contents [ 33 ]. Such late presentations are not uncommon due to the insidious nature of the 
disease.

   Physical examination in these patients may reveal external physical deformity caused by the expanding mass, raising 
concern for a neoplastic process. However, sinonasal endoscopic examination reveals typical nasal polyps, often with an 
asymmetric distribution, and loculations of “eosinophilic mucin.” Entrapped by the polyps, the inspissated mucus often 
appears as thick yellowish, brown collections. 

 Diagnostic testing is required to establish the diagnosis of AFRS. Skin prick testing or serum antigen specifi c IgE tests 
are required to establish the presence of fungal type 1 hypersensitivity. As these patients often demonstrate allergy to both 
fungal and non-fungal antigens [ 34 ], it is common practice to test for region-specifi c seasonal and perennial allergens 
together with the fungal allergens. While not necessary from a diagnostic standpoint, total serum IgE levels are dramatically 
elevated and peripheral eosinophilia is common. 

 CT imaging is necessary for diagnosis and surgical treatment. The classic fi ndings in AFRS include asymmetric disease 
with multiple infl amed or opacifi ed sinuses, hyperdense sinus contents, bony erosion, and mucocele formation (Fig.  8.4 ). 
Compared to other forms of polypoid chronic rhinosinusitis, there is a greater propensity for bony erosion with up to half of 
CT scans showing some evidence of skull base or orbital erosion [ 35 ]. Magnetic resonance imaging is reserved for cases 
where there are orbital or intracranial complications. On T2-weighted images, there are central areas of signal void corre-
sponding to the thick eosinophilic mucin, while surrounding infl amed mucosa has a high intensity signal [ 36 ]. The T1 signal 
is often hypo or isotense relative to the brain.

   Treatment of AFRS includes a combination of surgical and medical approaches. Due to physical obstruction and the dis-
tortion of normal anatomy and sinus drainage pathways, surgery is required to effectively treat this disease. The primary aim 
is to improve drainage by removing obstructing polyps and sinus septations and to remove the eosinophilic mucin [ 34 ]. This 
is usually accomplished with an endoscopic surgical approach. Due to the distortion of normal bony landmarks and dehis-
cence of bony barriers to the brain and orbit, the risk of surgery is potentially increased. The consequence of incomplete 
surgery is often the recurrence of the disease [ 37 ], as retained bony lamella may harbor pockets of the eosinophilic mucin 

   Table 8.2    Bent and Kuhn criteria           

 1  Type I hypersensitivity 
 2  Nasal polyps 
 3  Characteristic CT features 
 4  Eosinophilic mucin 
 5  Positive fungal stain 
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  Fig. 8.3    Histopathology of allergic fungal rhinosinusitis. ( a ) Eosinophilic mucin under 40× magnifi cation showing inspissated mucus with eosin-
ophilic material and admixed infl ammatory cells (so-called eosinophilic mucus). ( b ) 100× magnifi cation showing amorphous eosinophilic material 
with eosinophils and scattered neutrophils. ( c ) GMS stain identifi es occasional branching septate fungal hyphae       

that function as a stimulus for further infl ammation. Over the course of the disease, revision surgery is commonly required 
for recurrences that are resistant to medical therapy or when massive polyposis results in entrapment of mucin within the 
sinuses. Minimally invasive approaches such as balloon dilation are not appropriate in this disease process. 

 Comprehensive medical therapy is a crucial component in the long-term management of this disease process [ 38 ]. AFRS 
is an infl ammatory disease, not a fungal infection. Systemic and topical corticosteroids are the main forms of medical therapy 
[ 39 ]. Steroids are used perioperatively and for long-term maintenance therapy. The use of steroids has been shown to improve 
symptoms and increase the time interval between relapses [ 40 ]. In severe cases, prolonged treatment with systemic cortico-
steroids may be necessary to maintain control of infl ammation. Due to the potential side effects of prolonged systemic steroid 
use, it is common practice to confi ne steroid usage to the immediate postoperative period and in short bursts to treat acute 
exacerbations or polyp recurrences. Topical steroids have the advantage of targeted delivery of the medication without the 
side effects of systemic steroids. Topical steroids have demonstrated effi cacy for nasal polyps [ 41 ], and they are often used 
at higher doses to improve their effi cacy [ 39 ]. While high-dose topical steroids have not been adequately studied in polypoid 
CRS, there is considerable interest in the use of these agents as a means to reduce the use of systemic corticosteroids. In a 
previous operated patient without a signifi cant polyp burden, topical agents are able to reach the sinus mucosa directly. 
Budesonide respules, for example, may be applied directly as drops, mixed with a nasal irrigation or sprayed via an atomizer 
device. Inverted head positioning is required to insure distribution into the frontal, ethmoid, and sphenoid regions. Although 
these agents are anecdotally effective, topical steroid alone is often insuffi cient to completely eliminate the need for systemic 
steroids. Other anti-infl ammatory agents such as leukotriene receptor antagonists [ 42 ], macrolides, and itraconazole have 
been recommended; however, none of these agents has been adequately studied. The use of systemic and topical antifungal 
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therapy has also been described, with the aim to reduce the antigenic load contributed by the fungus [ 43 ]; however, these are 
not commonly employed. 

 Immunotherapy is another treatment option in the management of AFRS, based on the theory that AFRS is due to aller-
gen-specifi c IgE-mediated infl ammation. Although the role of the type 1 hypersensitivity in AFRS is still unclear, studies 
have shown that immunotherapy is well tolerated and may be effective in the management of AFRS, reducing recurrences 
after surgery and decreasing the need for corticosteroids [ 44 ]. In a study of 22 patients treated with immunotherapy for 
AFRS, results at a mean treatment time of 33 months showed better symptoms scores and endoscopic appearance and less 
reliance on corticosteroids [ 45 ]. Given that all of these patients are allergic, it seems reasonable to include immunotherapy 
as one of the immunomodulating treatment modalities for AFRS. 

 Despite initial treatment success, some patients with AFRS continue to relapse and may do so at variable times. In a study 
spanning 7 years, patients with AFRS required an average of two surgeries and three course of systemic steroids per year 
[ 46 ]. It was also noted that serum IgE in these patients also remained high despite resolution of symptoms, suggesting a 
chronic process with a high propensity for recurrence. Hence, the need for regular endoscopic examination and follow-up of 
these patients cannot be overemphasized.  

    Chronic Invasive Fungal Rhinosinusitis 

 Chronic invasive fungal rhinosinusitis (CIFRS) is a slowly progressing fungal infection of the sinuses that evolves over a 
time course of >12 weeks. When there is the presence of a granulomatous reaction, the term “granulomatous invasive fungal 
rhinosinusitis” is used. The latter is differentiated by the presence of noncaseating granulomas with giant cell formation and 
fewer fungal hyphae. The granulomatous form seems to have a distinct geographical distribution and is more commonly 
found in the dry desert areas of Sudan [ 47 ]. In contrast, the histology of the nongranulomatous variant shows a larger number 
of fungal hyphae with tissue invasion. Both are largely caused by  Aspergillus , and due to their similarities in terms of pre-
sentation, prognosis, and management, for the purposes of this chapter, they will be discussed as a single entity. 

 Chronic invasive fungal rhinosinusitis typically manifests in the healthy patient without demonstrable immune defect. 
However, some may have a mild immune impairment in the form of diabetes mellitus [ 4 ]. Symptoms develop slowly and 

  Fig. 8.4    Axial and coronal CT of a patient with AFRS. Axial ( a ) and coronal ( b ) images of a patient with severe allergic fungal rhinosinusitis with 
extensive mucocele formation. Note the extension into the anterior cranial fossa and right orbit causing proptosis. Eosinophilic mucin has a het-
erogeneous appearance within the sinuses       
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may evolve over months to years. The clinical presentation may resemble a sinonasal neoplasm. The most common presenta-
tion is proptosis resulting from erosion into the orbit. Extensions to other areas may lead to palatal fi stulas and neurological 
defi cits. Fatal complications may result from erosions into the internal carotid artery and cavernous sinus thrombosis [ 48 ]. 

 Physical examination fi ndings are quite variable depending upon the location and extent of disease. Endoscopic examina-
tion shows nasal congestion with occasional nasal polyps. There may be a soft tissue mass or evidence of mucosal ulcer-
ations. A faint yellowish hue of the tissue has also been described [ 4 ]. 

 The imaging modality of choice for chronic invasive rhinosinusitis is the CT scan. However, in view of the potential for 
dural extension and a differential diagnosis of malignancy, MRI is also employed to rule out these processes. Characteristic 
imaging fi ndings include a homogeneous opacity that is iso- or slightly hyperdense compared to muscle, intermediate signal 
intensity on T1-weighted MRI, and low signal intensity on T2. Contrasted scans may show extensive tissue involvement out-
side of the sinuses [ 49 ]. Defi nitive diagnosis, however, relies on histological examination showing fungal invasion (Fig.  8.5 ).

   Management of chronic invasive fungal rhinosinusitis is accomplished with a combination of surgical resection and anti-
fungal therapy. The treatment is based on the principles of management of acute invasive fungal rhinosinusitis. Surgical 
resection secures tissue for the diagnosis of invasion as well as identifi cation of the offending organism. The second role of 
surgery is debridement; the extent of surgical resection required is not well defi ned, but this may range from simple debride-
ment to radical resection of all tissue that is involved with fungus. Most authors would favor an individualized approach with 
the extent of surgery dependent on the initial extent of disease and response to medical therapy [ 4 ]. 

 The antifungal armamentarium for chronic invasive fungal disease includes the use of amphotericin B and the oral tri-
azoles. As with surgical therapy, the intensity and duration of antifungal therapy should be tailored to the patient’s circum-
stances. Some advocate a course of intravenous amphotericin B of up to 2 g followed by a long-term course of oral antifungal 
therapy [ 50 ], while others advocate a more conservative treatment with monitoring of response [ 51 ]. The wide variability of 
treatments, potential side effects of treatment, and variable response highlight the need for individualized treatment and long- 
term follow-up of this condition.  

    Acute Invasive Fungal Rhinosinusitis 

 Acute invasive fungal rhinosinusitis (AIFRS) or fulminant invasive fungal rhinosinusitis is defi ned as an invasive fungal 
infection of less than 4 weeks [ 18 ]. Left untreated, this condition is rapidly fatal. AIFRS affects mainly the immunocompro-
mised, with prolonged neutropenia being the most important risk factor. Patients with hematological malignancies are espe-
cially at risk for developing AIFRS with  Aspergillus  species. The other classic risk factor for AIFRS is diabetic ketoacidosis, 
and these cases usually involve the mucoraceae. Other risk factors include end-stage AIDS, systemic corticosteroid therapy, 
and chronic renal failure. Restoration of immune function is considered vital in the treatment of AIFRS. 

 The initial clinical symptoms of AIFRS may be mild and appear innocuous. However, symptoms such as clear rhinorrhea 
and nasal congestion may rapidly progress to other more ominous signs and symptoms such as fever, severe facial pain, 
visual disturbances, facial swelling, palatal and facial necrosis, and cranial nerve palsies [ 52 ]. Erosion of the skull base with 
direct invasion into the brain may lead to altered mental status. 

  Fig. 8.5    Histopathology of acute invasive fungal 
rhinosinusitis. 400× magnifi cation image showing broad-based, 
“ribbonlike” hyphae, consistent with mucoraceae, in a 
background of necrosis       
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 External physical examination fi ndings are not present until the disease has extended out of the sinonasal cavities. Early 
diagnosis therefore requires nasal endoscopy. Acute invasive fungal rhinosinusitis causes tissue necrosis that is initially 
manifest as erythematous or pale mucosa that is insensate to touch. As the disease progresses, these areas become necrotic 
and the mucosa may take on a dark, dusky appearance. Although these changes may occur anywhere along the nasal mucosa, 
the most common areas is the mucosa of the middle turbinate [ 53 ]. As progression may occur in a matter of hours, it is 
important to repeat an endoscopic examination if initial fi ndings are inconclusive and there is diagnostic uncertainty. 

 Imaging of the patient with AIFRS is important for diagnosis as well as to delineate the extent of the disease. A CT scan is the 
initial imaging study. Early fi ndings may be nonspecifi c with areas of mucosal thickening or sinus opacifi cation (Fig.  8.6 ). One 
large series showed that severe unilateral nasal soft tissue swelling [ 54 ] was a common feature of early AIFRS. Late radiological 
signs include bony erosion and orbital or facial soft tissue invasion. If extra-sinus involvement is suspected, an MRI (Fig.  8.7 ) may 
be used to delineate the extent of tissue involvement and may be helpful in guiding the extent of surgical resection.

  Fig. 8.6    CT Scan of acute invasive fungal rhinosinusitis. 
Coronal CT scan of acute invasive fungal rhinosinusitis with 
nonspecifi c changes of mild opacifi cation of the left ethmoid 
and bilateral maxillary sinuses. Imaging fi ndings are not benign 
appearing in the early course of this disease       

  Fig. 8.7    MRI images of acute invasive fungal rhinosinusitis. MRI axial T1 ( a ) and coronal T1( b ) and T2 ( c ) images. Showing invasive fungal 
rhinosinusitis with left inferomedial orbital involvement       
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    AIFRS is a disease that is better prevented than treated. By identifying patients that are at risk for immune suppression, for 
example, as a result of chemotherapeutic drugs or in posttransplant patients, measures to reduce exposure to fungal spores, 
screening for sinus disease, or even prophylactic antifungal therapy [ 55 ] may be implemented to reduce the rate of AIFRS. 

 Due to a paucity of trials, the ideal treatment regimen for treating AIFRS is unknown. The principles of therapy include 
reversal of the immunocompromised state, surgical debridement, and the use of antifungal therapy. 

 Reversal of the immunocompromised state is vital for survival in AIFRS. Depending on the cause, this may necessitate 
stopping chemotherapeutic agents, aggressively reversing hyperglycemia and ketoacidosis, or the administration of 
granulocyte- stimulating factors [ 56 ]. If the underlying immunocompromise cannot be reversed, the prognosis for survival is 
poor. 

 Surgical debridement of patients with AIFRS has been a mainstay of therapy [ 57 ]. Surgery also secures a specimen for 
proper identifi cation of the offending organism, confi rms the diagnosis, and clears necrotic tissue [ 58 ]. With advancements 
in surgical techniques, there is a trend toward endoscopic resection of the necrotic tissue as it entails a lower surgical morbid-
ity. Additionally, it is increasingly recognized that AIFRS is primarily a “medical” disease and that surgery is at best an 
adjunct to antifungal medications and the restoration of immune function. Traditional open surgery is reserved for advanced 
cases where there is signifi cant orbital or intracranial involvement, and radical facial resections are not common. The con-
temporary approach to surgical treatment is to remove all tissue that is obviously involved with fungus. Frozen section 
examination of the resected specimen has been used for the initial diagnosis and to guide the extent of debridement. However, 
this should be used with care as one study [ 59 ] showed that up to 37 % of intraoperative specimens sent for frozen section 
had false-negative results. Surgery in cases of AIFRS is often fraught with diffi culties as these patients are often thrombocy-
topenic and coagulopathic. As a result, there is signifi cant intraoperative hemorrhage and potential for morbidity. 

 Antifungal therapy is a critical component of the treatment of AIFRS. It can be administered systemically or in combina-
tion with topical therapy, although evidence for the latter is lacking. As most invasive fungal infections are caused by 
 Aspergillus  or the mucoraceae, amphotericin B is commonly used for empiric therapy. Amphotericin B deoxycholate causes 
signifi cant infusion related and systemic toxicities that limit its dosing. However, newer lipid formulations have fewer side 
effects that permit more aggressive dosing [ 60 ]. Other antifungal agents include voriconazole or itraconazole, which are 
effective against  Aspergillus , and posaconazole, which is typically used as an oral therapy for mucoraceae after initial ther-
apy with amphotericin B. The duration of antifungal therapy required once the disease process is arrested is unclear. 
Ultimately the duration of therapy should be dependent on the immune status of the patient and clinical evidence of disease 
recurrence and should be decided in conjunction with an infectious disease specialist.  

    Conclusions 

 Fungal rhinosinusitis has a wide variety of clinical presentations. These range from the minimally symptomatic fungus ball 
to the lethal acute invasive fungal rhinosinusitis (Table  8.3 ). It appears that the host immune response to the fungus plays an 
important role in determining the manifestation of the disease. While most rhinosinusitis can be adequately managed with 
medical therapy alone, all of the subtypes of fungal rhinosinusitis require surgery for diagnosis and treatment. Antifungal 
medications are only indicated for tissue invasive forms of fungal sinusitis. In allergic fungal rhinosinusitis, long-term 

   Table 8.3    Summary table of fungal rhinosinusitis   

 Fungus ball  AFRS  CIFRS  AIFRS 

 Pathogen   Aspergillus    Alternaria ,  Bipolaris ,
 dematiaceous molds 

  Aspergillus    Mucoraceae ,  Aspergillus  

 Patient profi le  Normal immunity elderly  History of atopy or allergic
rhinitis 

 Older age group  Immune compromised 

 Adolescent, young adult  Diabetes mellitus 
 Presentation  Nasal obstruction  Gradual onset  Proptosis  Medical emergency 

 Purulent nasal discharge,
facial pain 

 Unilateral symptoms  Facial pain  Nasal congestion, rhinorrhea,
facial pain, fever  Characteristic dark colored mucus 

 Visual disturbance  Proptosis 
 Treatment  Surgical removal of

fungus ball 
 Surgical drainage  Surgical resection of

affected areas 
 Restore immune function 

 Systemic corticosteroids 
 No antifungals needed  Topical steroids  Systemic antifungal

therapy 
 Surgical debridement 

 Immunotherapy  Systemic antifungal therapy 
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anti- infl ammatory medication in the form of topical and systemic corticosteroids is required to prevent the recurrence of 
polyps and the reaccumulation of eosinophilic mucin.
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    Chapter 9   
 Differential Diagnosis of Rhinitis and Rhinosinusitis 

             Jonathan     Romeo       and     Mark     S.     Dykewicz     

           Introduction 

    Both rhinitis and sinusitis (rhinosinusitis) affect millions of people in westernized countries and have signifi cant effects on 
an individual’s quality of life and health-care costs. Although allergic rhinitis is the most common form of rhinitis, many 
patients have various nonallergic forms of rhinitis that must be considered in the differential diagnosis of patients presenting 
with nasal symptoms. The term rhinosinusitis recognizes that sinusitis rarely occurs in the absence of rhinitis and the fact 
that the nose and sinuses are contiguous structures sharing vascular, neuronal, and interconnecting anatomic pathways. As a 
consequence, rhinitis and rhinosinusitis can overlap in clinical presentation making differentiation between these diagnoses 
often diffi cult. In addition, there are a variety of conditions that may mimic rhinitis and rhinosinusitis. As such, it is important 
to have a methodical and comprehensive approach when evaluating patients who present with nasal symptoms. The primary 
goal of this chapter is to discuss the differential diagnosis of rhinitis and rhinosinusitis.  

    The Differential Diagnosis of Rhinitis 

 Recurrent or chronic rhinitis is one of the most common medical conditions presenting for medical care in developed coun-
tries. Recurrent or chronic rhinitis can be subdivided into allergic and nonallergic forms. Allergic rhinitis alone affects 
approximately 30–60 million people annually in the United States [ 1 – 3 ] of which 10–30 % are adults and up to 40 % are 
children [ 4 – 8 ]. In contrast, pure nonallergic rhinitis occurs less frequently. Nearly three times as many people suffer from 
allergic rhinitis compared to pure nonallergic rhinitis. In general, between 44 and 87 % of patients presenting for evaluation 
of recurrent or chronic rhinitis present a “mixed” combination of both allergic and nonallergic triggers [ 4 ,  9 ]. 

 While some may view rhinitis as a minor disease, there are signifi cant consequences to poor control of this condition. 
Rhinitis itself can contribute to patient morbidity in relation to decreased quality of life, increased medical costs, and lost 
time/poor performance at school or work. In addition, rhinitis has been associated with signifi cant comorbidities including 
conjunctivitis, asthma, sinus disease, otitis media, and sleep apnea. 

    Clinical Presentation/Characterization 

 Rhinitis is a condition characterized by a constellation of nasal symptoms. These include one or more of the following: con-
gestion, anterior or posterior rhinorrhea, sneezing, and itching [ 10 ]. Allergic rhinitis can frequently be associated with 
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allergic conjunctivitis (conjunctival redness, itching, swelling, and excess lacrimation) [ 10 ,  11 ]. Treatment of underlying 
allergic rhinitis symptoms helps reduce any associated ocular symptoms. In contrast, eye symptoms are less often associated 
with nonallergic rhinitis or occur independently. 

 The frequency of symptoms is also important in defi ning the types of rhinitis as well as ultimately guiding treatment regi-
mens. While there are several national and international treatment guidelines for rhinitis, two of the most comprehensive are 
the US Joint Task Force on Practice Parameters (JTF), sponsored by American Academy of Allergy, Asthma and Immunology; 
American College of Allergy, Asthma and Immunology; and Joint Council on Allergy, Asthma and Immunology, and the 
Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines (produced by an international panel). These two guidelines 
differ in the nomenclature used to characterize symptom duration. 

 Consistent with FDA regulatory guidance, the US parameter has defi ned allergic rhinitis as being either seasonal allergic 
rhinitis (SAR) or perennial allergic rhinitis (PAR), with recognition that some patients have SAR exacerbations that overlay 
PAR. Symptoms associated with either SAR or PAR may be infrequent or more frequent (as assessed by the clinician, but 
not further defi ned formally in the parameter), with the frequency of symptoms being factored into the selection of recom-
mended therapeutic options. In addition to SAR and PAR, the most recent update of the JTF guidelines uses an additional 
subcategory of allergic rhinitis,  episodic  (environmental) rhinitis. Episodic rhinitis symptoms are elicited by sporadic expo-
sure to inhalant allergens that are not normally present in someone’s daily environment [ 10 ]. 

 The ARIA guidelines take an alternative approach to rhinitis nomenclature, using the terms  intermittent  to classify symp-
toms less than 4 days a week and/or less than 4 weeks duration and  persistent  used to classify patients with symptoms occur-
ring more frequently and/or for longer duration (Fig.  9.1 ) [ 11 ]. The terms intermittent and persistent rhinitis are independent 
of the traditional terms of SAR and PAR. The ARIA guidelines have discouraged the use of the terms SAR and PAR, noting 
that seasonal allergens in some geographic regions may be perennial in other regions of the world. However, more recent 
ARIA updates make limited use of the term SAR in making treatment recommendations [ 12 ].

   The most recent updates of the ARIA and the Joint Task Force Parameter concur that  mild  allergic rhinitis is the presence 
of symptoms not troublesome enough to impact quality of life, such as sleep disturbance, or cause impairment of daily activi-
ties, leisure, sport, school, or work. ARIA defi nes moderate and severe rhinitis according to the criteria listed in Fig.  9.1 . The 
US Practice Parameter uses a concept of  more severe  rhinitis (without formally defi ning a distinction between moderate and 
severe rhinitis) when symptoms cause impairment of quality of life.  

    Types of Rhinitis 

    Allergic Rhinitis 

 Allergic rhinitis is the result of an immunoglobulin E (IgE) antibody-mediated reaction against inhaled allergens [ 13 ] 
(Table  9.1 ). Following sensitization to a particular allergen, subsequent exposure will incite IgE-induced mast cell and 
basophil degranulation and activation. This results in the release of preformed mediators, such as histamine, and de novo 
generation of mediators including cysteinyl leukotrienes and prostaglandin D2 that are capable of generating a variety of 
adverse effects. An allergic reaction can have an early or an early- and late-phase response depending upon the character of 
the mucosal infl ammation caused by resident and infi ltrating infl ammatory cells and their numerous vasoactive and proin-
fl ammatory mediators [ 14 – 17 ]. The early-phase response is characterized by acute mucosal edema, mucus secretion, 

Intermittent
• <4 days/week
• or <4 weeks

• >4 days/week
• and >4 weeks

• Abnormal sleep• No impairment of daily
  activities, sports, leisure
• Normal school and work
• No troublesome symptoms

• Impairment of daily activities,
  sport, leisure
• Abnormal school and work
• Troublesome symptoms

One or more items
Moderate/severeMild

Persistent

Normal sleep and

  Fig. 9.1    ARIA classifi cation of allergic rhinitis (Reprinted 
from Bousquet et al. [ 11 ]. With permission from John Wiley & 
Sons, Inc.)       
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vascular leak, and stimulation of sensory neurons that occurs within minutes of exposure [ 17 ]. The late-phase response 
occurs over several hours with release of chemotactic factors, such as IL-5, causing an infl ux of infl ammatory cells (espe-
cially eosinophils). Symptoms of both early- and late-phase reactions consist of sneezing, congestion, and rhinorrhea; 
however, nasal congestion appears to predominate in the late-phase response [ 18 ].

   In most geographic locations, grass, tree, and weed pollens and outdoor molds most commonly cause seasonal allergic 
rhinitis. The symptom expression is dependent on the degree of individual allergenicity, length of exposure, geographic loca-
tion, and climactic conditions [ 19 ,  20 ]. As noted earlier, in some countries and geographic regions, certain pollens may be 
present during most of the year inducing a perennial presentation [ 11 ]. In contrast, more typical perennial rhinitis is caused 
by aeroallergens present consistently year round in most environments, such as dust mites, animal allergens, occupational 
allergens, and indoor molds  

    Nonallergic Rhinitis 

 Nonallergic rhinitis is characterized by perennial or intermittent symptoms of rhinitis that are, by defi nition, not allergic and, 
therefore, not IgE mediated [ 10 ]. Such a broad defi nition comprises many different forms of rhinitis that arise from infectious, 
infl ammatory, or noninfl ammatory mechanisms. Approximately one-third of adults with perennial nasal complaints have forms 
of nonallergic rhinitis [ 4 ,  9 ]. Table  9.2  differentiates between infl ammatory and noninfl ammatory causes of nonallergic rhinitis.

  Table 9.1    Classifi cation of rhinitis  

 Allergic rhinitis 
  Seasonal 
  Perennial 
  Episodic 
 Nonallergic rhinitis 
  Idiopathic/vasomotor rhinitis 
   Irritant triggered (e.g., chlorine) 
   Cold air 
   Exercise 
   Emotional 
   Undetermined or poorly defi ned triggers 
  NARES 
  Rhinitis due to food/alcohol 
   Gustatory rhinitis 
  Hormonal 
   Menstrual cycle/others 
   Pregnancy-induced rhinitis 
  Drug-induced rhinitis 
   ASA/NSAIDS 
   Antihypertensives and cardiovascular agents 
   Others (e.g., phosphodiesterase-5 selective inhibitors) 
  Rhinitis medicamentosa 
  Atrophic rhinitis 
  Infectious rhinitis 
  Work-related rhinitis 
   Work-exacerbated rhinitis 
   Occupational rhinitis 
 Rhinitis associated with infl ammatory or immunologic disease 
  Granulomatous infections 
  Wegener’s granulomatosis 
  Sjogren’s syndrome 
  Sarcoidosis 
  Churg-Strauss disease 
  Relapsing polychondritis (RPC) 
  Amyloidosis 
  Lethal midline granuloma 

  Adapted from Wallace et al. [ 10 ]. With permission from Elsevier  
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     Vasomotor (Joint Task Force) or Idiopathic (ARIA-Preferred Term) Rhinitis 

 This heterogeneous group of disorders refers to rhinitis that does not have an immunologic or infectious basis and is not 
associated with nasal eosinophilia. The symptoms may be variable, consisting mainly of nasal obstruction or increased secre-
tion. Sneezing and pruritus are less common than in allergic rhinitis. In comparison to allergic rhinitis, associated eye symp-
toms are infrequently observed or occur as an independent issue. Vasomotor rhinitis is a term sometimes used synonymously 
with nonallergic rhinitis without eosinophilia. Nasal symptoms of vasomotor or nonallergic rhinitis are typically provoked 
by nonallergic environmental factors, such as irritants and strong odors (i.e., smoke, perfume, cleaning solutions), changes 
in temperature (i.e., cold air), alcoholic beverages, emotional factors, and exercise [ 21 – 24 ].  

   Nonallergic Rhinitis with Eosinophilia Syndrome (NARES) 

 NARES is characterized by nasal mucosal eosinophils without evidence of specifi c IgE antibodies demonstrable in the serum 
or skin. It typically affects middle-aged patients. Symptoms usually are perennial in nature with paroxysmal exacerbations 
of symptoms that include sneezing, profuse watery rhinorrhea, nasal pruritus, nasal congestion, and occasional hyposmia or 
anosmia [ 25 – 29 ]. It should be noted, however, that a portion of patients with NARES have or will ultimately develop nasal 
polyposis and aspirin sensitivity [ 30 ]. In addition, patients with NARES are at increased risk for developing sleep apnea [ 31 ]. 
Although the majority of patients with NARES do not have known triggers, some people have worsening of their condition 
with exposure to weather changes, odors, and irritants.  

   Rhinitis from Food and Alcohol Ingestion 

 Rhinitis from food and alcohol occur through a variety of pathways. IgE-mediated food allergy is a very rare cause of rhinitis 
unless associated with coexisting gastrointestinal, dermatologic, or systemic manifestations. In contrast to an allergic etiol-
ogy, the ingestion of food can cause primarily anterior rhinorrhea termed gustatory rhinitis. Gustatory rhinitis is a form of 
nonallergic rhinitis that is associated with symptoms that occur during or shortly after eating. This phenomenon is particu-
larly common with the ingestion of hot and spicy food. However, in some patients, particularly the elderly, it can occur with 
any meal and sometimes upon arising in the morning. It is felt to be mediated by vagal mechanisms in that it typically 
responds to topical anticholinergic medications. In contrast, beer, wine, and other alcoholic beverages can also produce nasal 
symptoms, probably through nasal vasodilation. There are some individuals who develop congestion only upon the ingestion 
of certain beers or wine whose etiology remains uncertain.  

   Hormonal Rhinitis 

 Rhinitis symptoms may be associated with the menstrual cycle, pregnancy, puberty, and specifi c endocrine disorders such as 
hypothyroidism and acromegaly. Rhinitis during pregnancy can include all forms of rhinitis such as allergic rhinitis, 

  Table 9.2    Causes of nonallergic rhinitis  

 Nonallergic, infl ammatory 
  Occupational 
  Drug induced 
  Infective 
  Aspirin sensitive 
  NARES 
 Nonallergic, noninfl ammatory 
  Emotional 
  Idiopathic 
  Atrophic 
  Gustatory 
  Vasomotor 
  Rhinitis medicamentosa 
  Hormonal 

  Based on data from Adkinson et al. [ 125 ]  
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rhinosinusitis, rhinitis medicamentosa, and nonallergic rhinitis [ 32 – 36 ]. Approximately 1/3 of pregnant patients will have an 
increase in their rhinitis symptoms during pregnancy, which has been attributed to nasal vascular pooling caused by vascular 
dilatation and increased blood volume [ 37 ,  38 ]. A type of rhinitis specifi c to pregnancy, “pregnancy-induced rhinitis” typi-
cally occurs in the second or third trimester peaking within the last 6 weeks of pregnancy (34 weeks gestation). Rhinitis of 
pregnancy spontaneously resolves within 2 weeks of delivery [ 39 ]. By defi nition, pregnancy-induced rhinitis must be with-
out infectious, allergic, or medication-related causes. It can be detrimental to ignore this condition in that snoring caused by 
pregnancy-induced rhinitis has been associated with preeclampsia [ 40 ].  

   Drug-Induced Rhinitis 

 Several classes of drugs can induce rhinitis symptoms (Table  9.3 ). Rhinitis symptoms can be induced by blood pressure 
medications such as ACE inhibitors and β-blockers. Alpha receptor antagonists used for benign prostatic hypertrophy and 
phosphodiesterase-5 selective inhibitors used for treatment of erectile dysfunction [ 41 – 44 ] have also been incriminated in 
rhinitis cases. Contrary to long-standing belief, one study has concluded that oral contraceptive pills do not contribute to 
nasal symptoms [ 45 ]. Aspirin and other NSAIDS can cause increased rhinorrhea as an isolated symptom or as part of aspirin- 
exacerbated respiratory disease (AERD). AERD, classically known as Samter’s triad, is the combination of asthma, hyper-
plastic rhinosinusitis typically with nasal polyposis, and adverse respiratory reactions to the ingestion of aspirin and other 
NSAIDs [ 6 ,  46 ]. This topic is discussed in greater detail in another chapter of this text.

      Rhinitis Medicamentosa 

 Rhinitis medicamentosa is a syndrome of rebound nasal congestion associated with prolonged use of intranasal α-adrenergic 
decongestants or recreational intranasal cocaine [ 47 ,  48 ]. Prolonged use results in tachyphylaxis from the effects of intranasal 
decongestants (imidazoles such as oxymetazoline or catecholamines such as phenylephrine) resulting in rebound congestion 
and the resultant need for continuous use to maintain the ability to breath comfortably through the nose. Reduced mucociliary 
clearance may ultimately occur from the loss of ciliated epithelial cells [ 49 ]. Benzalkonium chloride, an excipient used in 
some formulations of nasal vasoconstrictor sprays, may augment local pathological effects on the nasal mucosa caused by 
topical decongestants when used for longer than 30 days [ 50 – 52 ]. On exam, nasal mucosa is typically infl amed, appears 
beefy red, and has areas of punctate bleeding with scant mucus. Rarely, perforation of the nasal septum may occur [ 10 ].  

   Atrophic Rhinitis: Primary and Secondary Forms Occur 

 Primary (idiopathic) atrophic rhinitis is characterized by progressive atrophy of the nasal mucosa and resorption of the bone 
and cartilage which leaves the nasal cavities abnormally wide on examination. There is a lack of identifi able turbinates on 

  Table 9.3    Drugs associated with rhinitis  

 Analgesics 
  NSAIDS: aspirin, etc. 
 Cardiovascular agents 
  ACE inhibitors 
  Amiloride 
  β-blockers 
 Psychotropics 
  Risperidone 
  Chlorpromazine 
  Amitriptyline 
 Phosphodiesterase type 5 inhibitors 
  Sildenafi l 
  Tadalafi l 
  Vardenafi l 
 Others 
  Cocaine 
  Gabapentin 

  Based on data from Adkinson et al. [ 125 ]  
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sinus CT (Fig.  9.2 ). These fi ndings have    been commonly referred to as the “empty nose syndrome” [ 53 – 55 ]. Other defi ning 
features of atrophic rhinitis include nasal dryness secondary to insuffi cient glandular cells, ciliary stasis, and ozena. Ozena 
is the presence of nasal crusting and fetor [ 53 ,  54 ] that results from mucous stasis in this condition.

   Primary atrophic rhinitis usually occurs in young to middle-aged adults living in warm climates of developing countries 
and is frequently associated with sinusitis. Infection of the nasal cavity by  Klebsiella ozaenae  or other bacteria such as 
 Haemophilus infl uenzae ,  Moraxella catarrhalis ,  and Staphylococcus aureus  is common [ 55 ]. Mucosal biopsy of primary 
atrophic rhinitis reveals squamous metaplasia, glandular cell atrophy, and loss of pseudostratifi ed epithelium. Patients 
often complain of a feeling of severe nasal congestion from the dryness, despite the absence of obstructive mucosal 
tissue. 

 Secondary atrophic rhinitis can be caused by recurrent or chronic sinusitis, direct trauma, irradiation or excessive surgical 
removal of the nasal turbinates, and infection with granulomatous diseases [ 55 ]. Secondary atrophic rhinitis should not be 
confused with rhinitis in the elderly, in which structural changes in vasculature and connective tissue due to aging induce 
rhinitis symptoms [ 10 ].  

   Infectious (e.g., Viral) Rhinitis 

 Nearly all cases of infectious rhinitis are the result of acute viral upper respiratory infections. Infectious rhinitis may be ini-
tially diffi cult to differentiate from other causes of rhinitis. However, a careful history usually reveals associated constitu-
tional symptoms with peak severity approximately 48 h after onset. There is typically resolution of symptoms within 7–10 
days of onset [ 56 ,  57 ]. Because the mucosa of the nose and sinuses form a continuum, a viral infection of the nose is com-
monly associated with sinus involvement. Differentiating nonallergic rhinitis with a secondary sinus infection from infec-
tious rhinosinusitis of viral origin may be diffi cult on an initial visit because of symptom overlap (e.g., purulent nasal 
drainage may be present in noninfectious rhinitis or rhinosinusitis) [ 56 ]. However, the knowledge of a local viral epidemic, 
associated constitutional symptoms including sore throat, fever, and cough particularly in a child, and a history of perhaps 
other family members being similarly ill soon clarify the picture.  

   Work-Related or Occupational Rhinitis 

 This includes a wide spectrum of rhinitis conditions involving immunologic and non-immunologic mechanisms of occu-
pational origin (Fig.  9.3 ). Occupational or work-exacerbated rhinitis (OR) is defi ned as rhinitis due to causes and condi-
tions attributable to a particular work environment and not to stimuli encountered outside the workplace [ 58 ]. 
 Work - exacerbated rhinitis  is rhinitis that is present concurrently in nonoccupational settings but aggravated by work 
exposures [ 59 ,  60 ].

Primary atrophic rhinitis Secondary atrophic rhinitis

• Klebsiella ozanae • Extensive surgery
• Radiotherapy
• Granulomatous diseases

• Turbulent air flow
• Climare factors
• Racial factors

• Ciliastasis

• Superinfections:
– Klebsiella ozanae
– Haemophilus influenzae
– Moraxella catarrhalis
– Staphylococcus aureus

• Bony rebsorption
• Progressive atrophy
• Epithelial destruction

  Fig. 9.2    Mechanism of atrophic rhinitis (Reprinted from Adkinson et al. [ 125 ]. With permission from Elsevier)       
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    Occupational rhinitis  can be triggered by nonallergic or allergic mechanisms and frequently precedes or accompanies 
the development of occupational asthma.  Allergic occupational rhinitis  results from exposure to a sensitizing agent that 
acts through an IgE antibody- or cell-mediated immunologic mechanism. Sensitizing agents that act through IgE antibody 
mechanisms include laboratory animal antigens, fl our, latex, and psyllium. Rhinitis from some lower molecular weight 
chemicals (e.g., polyisocyanates in paints) may develop through non-IgE mediated, immunologic mechanisms that are still 
not fully understood [ 58 ]. There is a latency period of weeks to years between initial exposure and symptom onset, during 
which immunologic sensitization to the causal agent occurs. After sensitization, symptoms recur on reexposure to the 
sensitizing agent at concentrations not affecting other similarly exposed workers. Symptoms may be intermittent or per-
sistent according to the frequency and intensity of exposure to the causal agent. There is typically a temporal relationship 
between symptoms and work exposure. As with other forms of rhinitis, a thorough history is very important. Patients with 
this condition will generally report resolution or improvement of symptoms when away from the workplace for extended 
periods. 

  Nonallergic occupational rhinitis  develops through irritant, non-immunologic mechanisms in response to exposures to 
factors such as organic chemicals, grain dust, and ozone. There is often no latency period between exposure and symptom 
onset. Transient or persistent upper airway symptoms may occur within a few hours after exposure to very high concentra-
tions of irritant compounds, termed the  reactive upper airways dysfunction syndrome  (RUDS). RUDS is analogous to  reac-
tive airways dysfunction syndrome  (RADS) that may affect the bronchi [ 59 – 66 ]. In  multiple exposure irritant - induced 
occupational rhinitis , upper airway symptoms may develop in subjects repeatedly exposed at work to irritants (vapors, 
fumes, smokes, dusts), without any identifi able exposure to high concentration of irritants. 

 A variety of occupational exposures have been reported to produce this syndrome and include ozone, volatile organic 
compounds, thermal degradation products of polyurethanes, grain and cotton dust, chlorine, formaldehyde, wood dust, and 
waste handling [ 58 ]. Wright-Giemsa stain of the nasal mucous or mucosa typically reveals a predominantly neutrophilic 
component. Symptoms can be provoked by long-standing chronic exposure, high exposure, or by exposure to a mixture of 
several irritants concurrently. 

  Corrosive rhinitis  is the most severe form of persistent irritant-induced occupational rhinitis. Corrosive rhinitis is charac-
terized by the presence of chronic infl ammation of the nasal mucosa that may progress to ulcerations and nasal septal perfo-
ration. This condition has been reported after persistent or recurrent exposure to corrosive chemicals such as chromium [ 60 , 
 67 ,  68 ]. 

Work-related rhinitis

Rhinitis
exacerbated
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Work–
Exacerbated
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  Fig. 9.3    Classifi cation of work-related rhinitis including 
occupational rhinitis (OR).  RUDS  reactive upper airways 
dysfunction syndrome (Reprinted from Moscato et al. [ 58 ])       
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 The diagnosis of occupational rhinitis requires a complete medical and occupational history and nasal examination. 
Selectively, immunologic tests are helpful in some cases to assess any sensitization to common nonoccupational aeroaller-
gens as well as specifi c occupational agents if available. Some medical centers have an occupational medicine laboratory 
which is capable of performing occupational nasal provocation tests. In this circumstance, the patient is exposed to a known 
quantity of the suspected triggering substance, and the response is assessed by objective measures such as rhinometry, rhi-
nomanometry, and examination of nasal secretions after challenge and compared to a control group [ 59 ].   

    Rhinitis Associated with Underlying Infl ammatory/Immunologic Disorders 

 Rhinitis may present in the context of an underlying infl ammatory or immunologic condition. In many cases, symptoms of 
rhinitis may precede overt systemic manifestations of these conditions. Biopsy is often required for diagnosis of such condi-
tions. Rhinitis associated with underlying infl ammatory/immunologic disorders is discussed in greater detail in another 
chapter of this text. This group of disorders is briefl y defi ned as follows: 

   Granulomatous Infections 

 Certain infections can lead to granulomatous nasal lesions. These lesions can be ulcerative with formation of crust that can 
lead to nasal obstruction or bleeding. In patients who have evidence of ulcerative nasal lesions, infections such as tuberculo-
sis, syphilis, leprosy, sporotrichosis, blastomycosis, histoplasmosis, and coccidioidomycosis must be considered. 
Rhinoscleroma can present with epistaxis and nasal obstruction. This condition, caused by infection with  Klebsiella rhino-
scleromatis , induces the formation of a polypoid mass, most often within the nasal cavity.  Klebsiella rhinoscleromatis  can 
also affect the nasopharynx, larynx, trachea, and bronchi. While not as common in the United States, this condition is 
endemic to areas of Africa, Southeast Asia, Mexico, Central and South America, and Central and Eastern Europe. It should 
be considered in patients who have immigrated from these areas. Recent studies have found a genetic predisposition to this 
disease, making family history an important part of the assessment [ 69 ].  

   Wegener Granulomatosis 

 This is a systemic autoimmune necrotizing vasculitis. It can affect multiple organs, including the heart, lungs, skin, kidneys, 
and nervous system. In addition, a majority of patients with Wegener granulomatosis have nasal manifestations including con-
gestion, nosebleeds, purulent rhinorrhea, crusting, and, most severely, septal erosion and perforation leading to saddle nose 
deformity. Anti-neutrophilic cytoplasmic antibody screening (ANCA) is positive in a majority of patients with this condition. 
The differentiation between p-ANCA and c-ANCA can have prognostic as well as diagnostic signifi cance. In the “Wegener’s 
Granulomatosis Etanercept Trial,” ANCA was present in 83 % of those with limited Wegener’s granulomatosis as opposed to 
96 % of those with active severe disease [ 69 ]. Among patients with limited disease, 69 % were c-ANCA positive, while only 
11 % were p-ANCA positive [ 69 ,  70 ]. A more detailed discussion of autoimmunity and sinus disease can be found in Chap.   15    .  

   Sjogren’s Syndrome 

 Sjogren’s syndrome is a systemic autoimmune syndrome in which there is destruction of the exocrine glands leading to 
generalized dryness. Effects on the nose can include granuloma formation as well as nasal dryness, epistaxis, a sensation of 
congestion, and occasionally rhinosinusitis.  

   Sarcoidosis 

 Sarcoidosis is a chronic immune-mediated infl ammatory disease in which there is formation of noncaseating granulomas. 
While this is a rare cause of rhinitis in the overall population, up to 18 % of sarcoidosis patients can have upper respiratory 
tract symptoms, with the nose more commonly affected compared to the sinuses [ 71 ]. Sinonasal involvement should be 
diagnosed using strict criteria including clinical and radiographic features, histologic confi rmation, and exclusion of other 
causes [ 69 ,  70 ]. Criteria have been proposed to help diagnose sarcoidosis of the nose and sinuses (Table  9.4 ). These criteria 
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do not include the classic pulmonary fi ndings of sarcoidosis because nasal/sinus involvement may occur independent of 
pulmonary fi ndings. The criteria are to be primarily used to distinguish sarcoidosis-induced nasal symptoms from other 
granulomatous causes of nasal and sinus disease.

      Churg-Strauss Syndrome 

 Churg-Strauss syndrome is a systemic autoimmune vasculitis that affects medium and small vessels. Churg-Strauss is also 
known as “allergic granulomatosis” and is associated with systemic granuloma formation. Manifestations can include 
chronic rhinosinusitis, nasal polyposis, asthma (usually presenting manifestation), peripheral blood eosinophilia, cardiomy-
opathy, neuropathy, and renal involvement. ANCA differentiation is helpful in diagnosing this disease. Approximately 50 % 
of patients are p-ANCA (with myeloperoxidase specifi city) positive, whereas <1 % demonstrate the presence of c-ANCA 
[ 69 ]. According to the American College of Rheumatology, four of the following six criteria must be present to make the 
diagnosis of Churg-Strauss syndrome: asthma, blood eosinophilia >10 %, presence of mononeuropathy or polyneuropathy, 
non-fi xed pulmonary infi ltrates, presence of paranasal sinus abnormality, and histologic evidence of extravascular eosino-
phils [ 69 ].  

   Relapsing Polychondritis (RPC) 

 RPC is a rare systemic autoimmune disease with highly variable features. The term relapsing polychondritis was fi rst used 
in 1960 by Pearson et al. to describe a disease causing infl ammation of the auricles, nasal septum, peripheral joints, and 
larynx, with occasional involvement of the middle and inner ears, eyes, costal cartilages, spine, trachea, bronchi, and epiglot-
tis. Currently the diagnosis is clinical and is based on the fi nding of chondritis in 2 of 3 sites (auricular, nasal, and laryngo-
tracheal) or one of these sites and two other features, including ocular infl ammation, audio vestibular damage, or seronegative 
infl ammatory arthritis [ 72 ]. Specifi c nasal manifestations include nasal congestion, crusting, rhinorrhea, epistaxis, and hypo-
geusia. In severe cases, cartilage destruction can lead to saddle nose deformity. The treatment of this condition is based upon 
the clinical presentation, though it usually begins with oral corticosteroids.  

   Amyloidosis 

 Amyloid deposition in the upper respiratory tract occurs most commonly as localized (not systemic) amyloidosis and is usu-
ally a benign phenomenon. It is important to differentiate between the two, however, as systemic amyloidosis carries a much 
worse prognosis. In either case, amyloid deposition in the nasopharynx may lead to nasal obstruction, epistaxis, postnasal 
discharge, and ear problems [ 73 ]. Unfortunately, radiographic imaging is very nonspecifi c in diagnosing this condition. 
Histologic examination of biopsied material with Congo red staining was classically the diagnostic method of choice, 
although now this has been supplanted by newer immunohistochemical techniques [ 74 ].  

   Lethal Midline Granuloma 

 The majority of these tumors are malignant and fall under the World Health Organization (WHO) classifi cation of an extra-
nodal NK/T-cell lymphoma-nasal-type (LMG-NTL) disorder. The lesion typically arises in the nasal cavity and presents with 
symptoms of nasal obstruction, rhinorrhea, epistaxis, and facial swelling. Those affected are more often middle-aged males. 
There is a strong association of lethal midline granuloma and EBV infection. Most lesions will be limited to the midface, 

   Table 9.4    Proposed criteria for diagnosis of sarcoidosis of the sinuses   

 1. Mucoperiosteal thickening or opacifi cation of a sinus as detected by plain fi lm, CT, or MRI 
 2. Histopathological demonstration of noncaseating granulomas in material taken from sinus. Special stains for fungus and mycobacteria must 

be negative, and no evidence of vasculitis may be present 
 3. Negative serologic test response for syphilis and negative ANCA test response 
 4. No evidence on chest radiograph or clinical history of other disease processes associated with granulomatous nasal or sinus infl ammation to 

include tuberculosis, syphilis, Wegener’s granulomatosis, fungal infection, or berylliosis 

  Adapted deShazo et al. [ 71 ]. With permission from Elsevier  
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though a small proportion of patients can have cervical node involvement or systemic disease involving lungs, liver, spleen, 
skin, GI tract, and bone marrow. Biopsy is usually required for diagnosis, and several samples are needed in the majority of 
cases. In addition to biopsy, immunohistochemistry can now be used to establish the diagnosis [ 75 ]. Staging is according to 
the Ann Arbor system [ 75 ].   

    Conditions Mimicking Rhinitis 

   Nasal Polyps 

 Nasal polyposis is considered an infl ammatory condition of the nasal and sinus mucosa and is commonly associated with 
a history of recurrent or chronic rhinosinusitis. Nasal polyps typically emanate from the sinus cavities and protrude into 
the middle meatus and choanal region. An exception sometimes seen, particularly in severe allergic nasal disease, is nasal 
polyps that arise from the middle turbinate and obstruct airfl ow. The most common presentation is rhinorrhea, although 
eventually nasal congestion and hyposmia or anosmia develops. Whenever persistent anosmia is present, this should 
always raise the clinical suspicion of nasal polyp-related disease. There is a prevalence of 2–4 % in the population, includ-
ing both allergic and nonallergic people and there is no sex predilection [ 76 – 78 ]. Although nasal polyps typically occur in 
middle age (>40 years age), there are several conditions that frequently present with polyps in children, such as cystic 
fi brosis and immotile cilia syndrome (discussed later). Childhood polyps associated with CF are typically neutrophilic, 
whereas adult polyps are more typically eosinophilic. Some subsets of adults with asthma may have associated nasal pol-
yps with or without the presence of aspirin-exacerbated respiratory disease (AERD), discussed earlier under drug-induced 
rhinitis and in more detail in another chapter of this text. Treatment is often aimed at reducing infl ammation, primarily with 
intranasal or sometimes oral corticosteroids [ 79 – 81 ]. Prognosis is variable with AERD generally having less favorable 
outcomes [ 82 ].  

   Anatomic Abnormalities 

  Septal deviation  is most commonly asymptomatic and present to some degree in over 90 % of individuals. However, signifi -
cant septal deviation, particularly when present anteriorly in the nasal passage, can lead to increased congestion. This condi-
tion can often be diagnosed with direct visualization with an otoscope speculum, though rhinolaryngoscopy, rhinomanometry, 
and sinus CT can aid in diagnosis [ 10 ,  83 ]. Deviation can be either unilateral with corresponding unilateral obstruction or 
bilateral (sigmoid confi guration of septum) which can result in bilateral obstruction [ 10 ]. 

  Adenoid hyperplasia  is the most common cause of nasal obstruction in young children. It is often bilateral and associated 
with open mouth facies and nocturnal snoring. This condition is most commonly present in children between the ages of 3 
and 5 years and spontaneously resolves and the child grows to puberty. Diagnosis is made by visualization with either mirror 
examination of the nasopharynx, rhinolaryngoscopy, or simply suspected based on the age of the child, history, and the pres-
ence of upper airway obstruction despite a patent nasal passage seen during examination of the nose with an otoscope. A soft 
tissue lateral of the nasopharynx or a CT can also be useful in establishing the diagnosis [ 84 ]. 

  Choanal atresia  is a congenital anatomic abnormality in which excess tissue causes narrowing or blockage of the nasal 
passage way. Symptoms present in infancy and include mouth breathing, nasal congestion, and feeding diffi culties. Any 
newborn with this constellation of symptoms should be immediately seen by an otolaryngologist. 

  Cleft palate  is a congenital anatomic abnormality in which the upper roof of the mouth fails to form. This condition can 
occur with or without a cleft lip. While it may be an isolated occurrence, it can be part of an underlying genetic syndrome. 
This condition can lead to nasal congestion if the nasal passage is affected [ 84 ]. 

  Concha bullosa  is a common anatomic variant in which the pneumatization of the middle turbinate occurs. Although 
often not problematic, when extremely large, it can result in nasal obstruction that is typically unilateral [ 56 ]. Inspection of 
the nose with a rhinoscope reveals the typical anatomical variation. This disorder can also be diagnosed by CT scan [ 10 ].  

   Foreign Body 

 A lodged foreign body in the nose most typically occurs in young children or in association with developmental/mental 
disorders. The foreign object is often a small object such as a toy bead, peanut, or pencil eraser. A foreign body in the nose 
produces unilateral congestion with subsequent foul-smelling, purulent nasal discharge that may lead to sinusitis [ 85 ].  

J. Romeo and M.S. Dykewicz



143

   CSF Rhinorrhea 

 The presence of refractory clear rhinorrhea may be the result of a CSF leak [ 86 ]. While this most commonly occurs after 
recent trauma or surgery, it can occur spontaneously [ 87 ,  88 ]. Beta-2-transferrin protein in nasal drainage is a sensitive and 
specifi c marker for CSF leakage, as it is not found in normal nasal or ear secretions [ 89 ,  90 ].  

   Laryngopharyngeal/Pharyngonasal Refl ux 

 Laryngopharyngeal refl ux refers to involvement of the upper esophagus, larynx, and/or pharyngeal area. Infants with this 
condition may present with frequent choking or apneic spells, recurrent pneumonia (because of concomitant gastroesopha-
geal refl ux and/or tracheal aspiration), and aspiration of formula leading to secondary chemical/infectious rhinitis [ 10 ]. 
Refl ux in this population may result from prematurity, neuromuscular disease, or cleft palate [ 84 ]. 

 In adults, GERD has been associated with multiple upper and lower respiratory conditions including nasal congestion, 
sore throat, and cough. One study showed that patients that had symptomatic GERD along with positive pH probe studies 
had signifi cantly more upper respiratory symptoms than healthy controls, and the severity of the upper respiratory symptoms 
correlated with the severity of GERD [ 91 ]. GERD should be considered in patients with recalcitrant rhinitis symptoms, par-
ticularly if no other diagnosis has been found and there is associated sore throat, cough, and a history of a previous esopha-
gogastroduodenal disorder.  

   Nasal Tumors 

 A tumor should always be in the differential when a patient presents with unilateral obstruction, especially when it occurs 
with bleeding, hyposmia or anosmia, pain, or otalgia [ 92 ,  93 ]. This is discussed in greater detail in another chapter of this 
text.  

   Ciliary Dysfunction 

 Ciliary dyskinesis can occur as either a primary or secondary form. Primary ciliary disease (PCD), also known as immotile 
cilia syndrome, is a rare genetic disorder [ 94 ]. Fifty percent of PCD patients present with situs inversus (Kartagener’s syn-
drome) [ 10 ]. Other fi ndings in the history may include recurrent sinusitis, otitis media, rhinitis, and chronic cough/pneumo-
nia from a very young age. Eventually, many of these patients develop nasal polyposis, atypical asthma, and bronchiectasis 
[ 95 ,  96 ]. Secondary forms of this can occur due to recurrent acute or chronic infections, multiple nasal/sinus surgeries, or 
chronic irritant rhinitis [ 97 ,  98 ]. Smoking has not been shown to have a signifi cant effect on mucociliary clearance [ 99 ].     

    The Differential Diagnosis of Rhinosinusitis 

 Rhinosinusitis (RS) is defi ned as infl ammation of the nose and paranasal sinuses. Multiple etiologies contribute to the pres-
ence of this condition, including viral or bacterial infection, allergy, and, occasionally, anatomical variations or obstruction. 
Rhinosinusitis is a serious health problem that has been reported to affect up to 1 in 7 adults [ 100 ]. Much like rhinitis, it can 
have detrimental impact on quality of life, school and workplace productivity, and health-care costs [ 101 – 104 ]. When con-
sidering a diagnosis of rhinosinusitis, one must consider a broad differential composed of multiple factors that may be caus-
ing or contributing to symptoms including all of the conditions listed above (Table  9.5 ).

   The diagnosis of rhinosinusitis on the basis of history alone is not completely reliable and is not adequate for diagnosis of 
chronic rhinosinusitis. However, several schemes have been proposed to assess the likelihood of sinusitis being present. One 
general strategy is based on the presence of certain symptoms with both major and minor symptom criteria defi ned. Several 
guidelines [ 105 ,  106 ] endorse an approach that requires the presence of at least 2 major or 1 major and ≥2 minor symptoms 
to establish a diagnosis of rhinosinusitis (Table  9.6 ). The EPOS2012 (European Position Paper on Rhinosinusitis and Nasal 
Polyposis) guidelines state that rhinosinusitis (including nasal polyps) is characterized by two or more symptoms, one of 
which should be either (a) nasal blockage/obstruction or (b) nasal discharge (anterior/posterior nasal drip). Other symptoms 
may be (c) facial pain/pressure and/or (d) reduction or loss of smell [ 57 ].
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   Major published guidelines on rhinosinusitis include EPOS2012, those of the Joint Task Force on Practice Parameters 
(JTFPP), the Clinical Practice Guideline: Adult Sinusitis (CPG: AS), the Rhinosinusitis Initiative (RI), the British Society 
for Allergy and Clinical Immunology (BSACI), and the Infectious Diseases Society of America (IDSA). These guidelines 
have many commonalities but have some variation in classifi cation, diagnosis, and treatment recommendations. 

 For example, EPOS2012 defi nes acute rhinosinusitis (ARS) as symptoms lasting <12 weeks with complete resolution, 
noting that it is not uncommon for patients to have recurrent ARS with complete resolution of symptoms between episodes. 
Three guidelines, including the JTFPP, the RI, and the CPG: AS, defi ne ARS as having a symptom duration of 4 weeks or 
less. EPOS2012 defi nes chronic rhinosinusitis (CRS) as symptoms on most days lasting at least 12 weeks without complete 
resolution of symptoms and duration. Three other guidelines (RI, CPG: AS, and BSACI) also use 12 weeks as the cutoff 
[ 105 ,  107 ,  108 ]. In contrast, the JTFPP defi nes CRS as having a symptom duration lasting longer than 8 weeks. Two guide-
lines have a third category of  subacute sinusitis . The JTFPP defi nes subacute sinusitis by symptom duration lasting between 
4 and 8 weeks. CPG: AS defi nes subacute sinusitis as symptoms lasting between 4 and 12 weeks [ 56 ,  108 ]. Of note, EPOS 
does not recognize the “subacute” designation, and it remains unclear if this diagnosis deserves a specifi c designation or 
represents a milder or early form of chronic rhinosinusitis. 

    Acute Rhinosinusitis 

 Diagnosis of this condition is based primarily on clinical history. In most cases, it occurs after a viral URI. Viral URI, 
often referred to as “the common cold,” can occur two to three times per year in adults [ 57 ] and more than six times per 

  Table 9.5    Differential diagnosis of bacterial sinusitis  

 Infectious rhinitis 
  Viral upper respiratory tract infections 
 Allergic rhinitis 
 Nonallergic rhinitis 
 Rhinitis medicamentosa 
 Rhinitis secondary to 
  Pregnancy 
  Hypothyroidism 
  Infl ammatory or immunologic disorders 
 Anatomic abnormalities causing rhinitis 
  Foreign body 
  Nasal polyps 
  Nasal septal deviation 
  Enlarged tonsils and adenoids 
  Cleft palate 
  Choanal atresia 
 Concha bullosa and other middle turbinate abnormalities 
 Tumors 
 CSF rhinorrhea 
 Vascular headache (migraine) 
 Gastroesophageal refl ux 

  Adapted from Slavin et al. [ 56 ]. With permission from 
Elsevier  

  Table 9.6    Major and minor 
criteria as outlined by 
Rhinosinusitis Initiative (RI) 
where diagnosis based on 
presence of at least 2 major 
or 1 major and ≥2 minor 
criteria  

 Major symptoms  Minor symptoms 

 Purulent anterior nasal discharge  Headache 
 Purulent or discolored posterior nasal discharge  Ear pain, pressure, or fullness 
 Nasal congestion or obstruction  Halitosis 
 Facial congestion or fullness  Dental pain 
 Facial pain or pressure  Cough 
 Hyposmia or anosmia  Fever (for subacute or chronic sinusitis) 
 Fever (acute sinusitis only)  Fatigue 

  Adapted from Meltzer et al. [ 105 ]. With permission from Elsevier  
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year in children [ 109 ]. The diffi culty is differentiating a viral URI with or without viral sinusitis from the potentially 
more serious bacterial sinusitis. In the setting of viral sinusitis, symptoms will usually resolve spontaneously (Fig.  9.4 ), 
though it will progress to a bacterial sinusitis in approximately 0.5–2 % of cases. Recently published guidelines    suggest 
that the medical provider should consider bacterial rhinosinusitis and, therefore, the need for antibiotics in the case of 
severe symptoms (fever ≥39 °C and purulent nasal discharge for 3–4 consecutive days at beginning of illness), worsen-
ing symptoms after 5–6 days of infection (“double sickening”), or persistent symptoms ≥10 days [ 105 ,  106 ,  110 ]. Pain 
in the upper teeth, suggestive of nerve irritation in adjacent tooth roots, can be symptom of maxillary sinusitis. Similarly, 
an infection in an upper molar or dental manipulation of an upper molar can seed the maxillary antrum, inducing acute 
bacterial sinusitis. Such a history should be sought in the primary care setting. Otherwise, the presence of purulent 
drainage by itself in the face of a common viral upper respiratory tract infection does not reliably indicate a bacterial 
infection unless the infection has been present for ≥10 days, and the origin is clearly the middle meatus or sphenoeth-
moidal recess.

   The most common infectious agents identifi ed in acute bacterial sinusitis have been discussed in other chapters. These are 
 Streptococcus pneumoniae ,  Haemophilus infl uenzae , and  Moraxella catarrhalis  (most common in children) [ 111 – 115 ]. 
Other bacterial causes described are other streptococcal species,  Staphylococcus aureus ,  Pseudomonas aeruginosa , and 
anaerobic species [ 56 ]. In the United States, fungal infection has also been found as a rare cause, more commonly reported 
in the southeastern and southwestern parts of the country [ 56 ]. 

 Symptoms or signs highly suggestive of serious complications from bacterial sinusitis should always be kept in mind in 
evaluating any patient with acute sinus disease. These are facial swelling and/or erythema over an involved sinus, visual 
changes, abnormal extraocular movements, proptosis, periorbital infl ammation/edema, and central nervous system symp-
toms. The presence of any of these signs or symptoms is a medical emergency and requires immediate referral to a center 
capable of caring for such comorbidities.  

    Recurrent Sinusitis 

 According to EPOS2012 and the JTFPP,  recurrent   sinusitis  is defi ned as ≥3 episodes of ARS per year, with intermittent reso-
lution being the distinguishing factor from CRS [ 56 ,  57 ]. CPG: AS defi nes recurrent sinusitis as ≥4 episodes in a year with 
interval resolution of symptoms [ 108 ].  

    Chronic Rhinosinusitis 

 As mentioned earlier, CRS is generally characterized by persistent infl ammation >12 weeks without any intervening 
acute sinusitis episodes. CRS is a heterogeneous group of infl ammatory disorders involving the sinuses. Although bacte-
rial infections can complicate all forms of CRS, CRS should not be viewed as a simple infectious process. CRS is com-
monly subdivided into three groups: CRS with nasal polyps (CRSwNP), CRS without nasal polyps (CRSsNP), and 

Severity

Fever

0 1 2 3 4 5 6
(days)

Uncomplicated viral URI

7 8 9 10 11 12

Respiratory
symptoms

  Fig. 9.4    Schematic characterization of the natural history and 
time course of fever and respiratory symptoms associated with 
an uncomplicated viral upper respiratory infection (URI) in 
children (Reprinted from Chow et al. [ 106 ]. With permission 
from Oxford University Press)       
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allergic fungal sinusitis. According to EPO3S, the clinical diagnosis of CRS should be supplemented with objective 
evidence of:

•    Rhinoscopic/endoscopic fi ndings of:

 –    Polyps  
 –   Mucopurulent discharge  
 –   Edema/mucosal obstruction     

•   CT fi ndings of signifi cant mucosal changes within the sinuses    

 While many of the clinical fi ndings are similar between acute and chronic rhinosinusitis, it should be noted that facial pain 
is a much less common feature of CRS [ 116 ]. Moreover, facial pain and pressure from migraine, tension, and cluster head-
aches are often incorrectly attributed to chronic rhinosinusitis; facial pain and pressure are not reliable for predicting the 
presence of objective fi ndings of rhinosinusitis. 

 One proposed classifi cation scheme for chronic rhinosinusitis is listed in Fig.  9.5  and can be summarized as follows:

•      CRS Without Nasal Polyps  ( CRSsNP ). By far the most common presentation of CRS, this typically presents with persis-
tent symptoms and occasional exacerbations characteristic of ARS episodes [ 56 ,  57 ,  105 ,  108 ]. This condition does tend 
to have more association with infectious etiology in comparison to CRSwNP. Organisms associated with CRSsNP are 
similar to those implicated in ARS.  

•    CRS with Nasal Polyps  ( CRSwNP ). Nasal polyps can be a signifi cant contributing factor to sinusitis by occluding the 
ostiomeatal complex, which consists of the maxillary sinus ostia, anterior ethmoid cells and their ostia, the ethmoid infun-
dibulum, hiatus semilunaris, and the middle meatus [ 57 ]. The presence of nasal polyps in children should raise the suspi-
cion of cystic fi brosis, especially in the presence of  Pseudomonas  colonization. Larger nasal polyps can often be visualized 
by anterior rhinoscopy but full visualization of nasal polyps requires nasal endoscopy. Infection is less common in 
CRSwNP than in CRSsNP. As discussed earlier, some patients may present with CRSwNP in conjunction with aspirin- 
exacerbated respiratory disease (AERD). This history should always be sought and the polyp patient warned of a possible 
future adverse event upon the ingestion of any NSAID.    

 The term  chronic hyperplastic eosinophilic sinusitis  is sometimes used to describe patients with sinusitis who have an 
increased amount of eosinophils with decreased numbers of neutrophils. There is a strong association of asthma and NSAID 
hypersensitivity with this particular condition [ 117 ].  

    Fungal Sinusitis 

 Three fungal disorders can involve the sinuses: allergic fungal sinusitis, fungus ball, and invasive fungal sinusitis. Each 
should be investigated when this diagnosis is being considered.  Allergic fungal sinusitis  typically occurs in immunocom-
petent atopic patients in association with nasal polyposis and chronic nasal congestion [ 118 ]. It is a noninvasive coloni-
zation of the mucosal surface that generates a highly symptomatic eosinophilic infl ammatory response. Mucus secretions 
are thick, purulent, often described as having “peanut butter” consistency, ranging in color from light tan to brown to 
dark green, and contain large amounts of degranulated eosinophils. Fungal hyphae are present in the mucin that does not 
invade below the mucosal surface. Commonly, there is evidence of IgE-mediated fungal allergy. The most common 
fungi implicated are  Bipolaris ,  Curvularia ,  Aspergillus , and  Drechslera  species, though many other fungi have been 
isolated [ 56 ]. 

  Fungus ball  typically occurs in the maxillary and sphenoid sinuses and is usually unilateral [ 119 ]. It occurs primarily in 
immunocompetent patients and is considered noninvasive. Patients complain of mucopurulent discharge and usually sinus 
pain. It can occasionally cause a pressure necrosis if it impinges on surrounding structures. This condition can be differenti-
ated from allergic fungal sinusitis by histologic examination, which shows dense accumulations of hyphae in concentric 
layers forming a fungus ball [ 119 ]. CT or MRI fi ndings of the fungus ball within the sinus cavity are usually diagnostic (see 
below). 

  Invasive fungal sinusitis  occurs primarily in immunocompromised patients. It is a disseminated disease and patients will 
often present with fever, headaches, epistaxis, and mental status changes. Physical examination will often reveal insensate 
nasal ulcers. Aggressive debridement and systemic antifungal therapy are mainstays of treatment [ 120 ,  121 ]. 

 CT scan is a very helpful tool for diagnosis of fungal sinusitis, although a defi nitive diagnosis requires biopsy. Classic CT 
fi ndings show a combination of unilateral lesions of one or more sinuses, nodular mucoperiosteal thickening, focal areas of 
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bone destruction, and/or dense intrasinus concretions depending on the condition involved [ 122 ]. MRI can be of particular 
value in fungal sinusitis as T2-weighted imaging shows a very low signal intensity (similar to air) as compared to the high 
signal intensity typically present with viral or bacterial infl ammation [ 123 ]. 

    The General Approach to the Patient with Rhinitis or Rhinosinusitis 

 Systematic evaluation of the patient with any form of rhinitis symptoms starts with a history emphasizing the following 
information: specifi c nasal and related eye, throat, ear, and lung symptoms; whether nasal symptoms are unilateral or bilat-
eral; chronicity and/or seasonal pattern; and a detailed environmental history that includes work and hobbies and identifi ca-
tion of precipitating factors, response to medications, and presence of coexisting conditions. 

 A family history of any chronic respiratory disorders or atopic conditions is important to help broaden or reduce the prob-
able differential diagnostic possibilities and to support your choice of what diagnostic tests might be needed. 

 Physical examination of the nose can be accomplished by using an otoscope with nasal adapter, nasal speculum with 
appropriate lighting, indirect mirror, and/or rigid or fl exible nasopharyngoscope, based upon the expertise of the examiner. 
As with any fi eld of medicine, any case of chronic rhinitis needs a thorough upper airway exam with a decongested nose 
either with a rhinolaryngoscope or by direct and indirect visualization of the nose and nasopharynx by an experienced medi-
cal provider. Although the mucosa of allergic rhinitis is classically described as having a bluish cast, mucosal appearance 
may not distinguish between allergic and nonallergic rhinitis since both may present with hyperemia, mucosal pallor, or 
edema. In contrast, the mucosa is usually hyperemic with crusting in the nasal vestibule in infectious rhinitis and in rhinitis 
medicamentosa. Anterior nasal exam can reveal caudal septal deformity or inferior turbinate hypertrophy as a source of 
congestion but is not conclusive without ruling out other conditions, particularly atopy. With signifi cant caudal septal defl ec-
tion, the contralateral inferior turbinate is often enlarged. Application of a topical decongestant to reduce turbinate mucosal 
edema can assist in differentiating mucosal versus bony hypertrophy as well as pre- and post-rhinomanometry 
measurements. 

 A nasopharyngoscope permits better visualization of the middle meatus, posterior septum, sinus ostia, and the nasophar-
ynx. At times, this is the only way of visualizing the presence of nasal polyps or defi ning mucopurulent material emanating 
from the middle meatus or sphenoethmoidal recess which is diagnostic of rhinosinusitis. 

 All patients with chronic rhinitis, particularly those with a family history of atopic disease, should ultimately undergo a 
screening determination for antigen-specifi c IgE antibody (sIgE). The most sensitive and cost-effective sIgE determination 
is by skin testing when performed using standardized antigens by a medical provider experienced in this approach. 

Diagnosis
(history, physical exam)

a

b

Does not clear
GO TO NEXT PANEL

Does not clear or recurs shortly
GO TO NEXT PANEL

Clears

CT scan of sinuses or fiberoptic rhinolaryngoscopy

further diagnostic considerations
(consider alternative antibiotic)

Prominent headache?
?Tension

?Migraine – consider triptan

sinusitis confirmed sinusitis NOT confirmed

Refer to otorhinolaryngologist
ASA sensitivity

(history)

Consider ASA
desensitization

GERD measures
PPI’s

GERD
(careful history)

pH probe

underlying allergy?
careful history

(skin or in vitro tests)

environmental control
pharmacotherapy,
immunotherapy*

*for allergic rhinitis

full antibiotic course,
prophylactic
antibiotics,

IVIG or SCIG

immune deficiency
(Immunoglobulins,

vaccine titers)

Refer to otorhinolaryngologist

Consider allergy
evaluation if not already performed

Clears and remains so
Clears but recurs in a few weeks

Re-treat

Medical management
(antibiotics, consider nasal steroids,

decongestants, mucus thinner)

  Fig. 9.6    General approach to evaluation and management of rhinosinusitis ( a ,  b )       
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Measurement of sIgE in the serum is specifi c but not as sensitive as prick/puncture skin testing. Measurement of sIgE (by 
skin testing or in vitro testing) is indicated to confi rm or exclude suspected allergic causes, to assess the sensitivity to specifi c 
allergens for avoidance measures, and for consideration of allergen immunotherapy. 

 At this point, a defi nitive diagnosis of the cause of the rhinitis problem is usually clear. Ancillary offi ce procedures to aide 
in the diagnosis of rhinitis are described in detail in another chapter of this text. Further clarifi cation can be achieved by the 
addition of a sinus CT which illustrates the presence or absence of sinus disease and anatomical fi ndings that might be a 
source of congestion or infection. If chronic rhinosinusitis is suspected or diagnosed at this point, the history should be 
reviewed again looking for associated factors identifi ed in CRS such as GERD, fi rst- or secondhand cigarette smoke expo-
sure, or primary or secondary immune defi ciencies [ 56 ,  57 ]. While a majority of patients with CRS are immune competent, 
immune defi ciency should always be considered in the differential during the initial workup of any patient with CRS [ 124 ]. 
This topic is reviewed in detail in another chapter in this text. These and other considerations have been incorporated in a 
general algorithm for an approach to the diagnosis of rhinosinusitis, including the use of empiric treatment (Fig.  9.6a, b ).

         Conclusion 

 Allergic and nonallergic rhinitis and rhinosinusitis are extremely common conditions that frequently result in decreased qual-
ity of life, lost work, decreased work and school productivity, and increased health-care spending. While the diagnosis of 
rhinitis origins is usually not complicated, the differential diagnosis goes beyond the simplistic diagnosis of allergic versus 
nonallergic nasal disease. Therefore, the clinician should always consider a systematic approach to the assessment of this 
group of disorders that includes a variety of conditions that may mimic or complicate any case of rhinitis and rhinosinusitis.     

   References 

    1.    Fireman P. Allergic rhinitis. In: Fireman P, Slavin R, editors. Atlas of allergies. Philadelphia: JB Lippincott; 1991. p. 9.2–9.18.  
   2.    McMenamin P. Costs of hay fever in the United States in 1990. Ann Allergy. 1994;73:35–9.  
    3.   US Census Bureau. US Census. 2008. Available at:   http://www.census.gov/index.html    . Accessed 4 July 2008.  
      4.    Settipane RA. Rhinitis: a dose of epidemiological reality. Allergy Asthma Proc. 2003;24:147–54.  
   5.    Druce H. Allergic and nonallergic rhinitis. In: Middleton E, Reed CE, Ellis EF, Adkinson Jr NF, Yunginger JW, Busse WW, editors. Allergy 

principles and practice. 5th ed. St Louis: Mosby-Year Book; 1998. p. 1005–16.  
    6.    Settipane RJ, Hagy GW, Settipane GA. Long-term risk factors for developing asthma and allergic rhinitis: a 23-year follow-up study of col-

lege students. Allergy Proc. 1994;15:21–5.  
   7.    Varjonen E, Kalimo K, Lammintausta K, Terho P. Prevalence of atopic disorders among adolescents in Turku, Finland. Allergy. 

1992;47:243–8.  
    8.    Smith JM. A fi ve-year prospective survey of rural children with asthma and hay fever. J Allergy. 1971;47:23–30. III.  
     9.    Settipane RA, Charnock DR. Epidemiology of rhinitis: allergic and nonallergic. Clin Allergy Immunol. 2007;19:23–34.  
               10.    Wallace DV, Dykewicz MS, Bernstein DI, et al. The Joint Force on Practice Parameters, representing the AAAAI, ACAAI, JCAAI. The 

diagnosis and management of rhinitis: an updated practice parameter. J Allergy Clin Immunol. 2008;122:S1–84. PMID: 18662584.  
       11.    Bousquet J, Khaltaev N, Cruz AA, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) 2008 update (in collaboration with the World 

Health Organization, GA(2)LEN and Aller-Gen). Allergy. 2008;63 Suppl 86:8–160.  
    12.    Brozek JL, Bousquet J, Baena-Cagnani CE, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines: 2010 revision. J Allergy Clin 

Immunol. 2010;126:466–76.  
    13.    Raphael GD, Baraniuk JN, Kaliner MA. How and why the nose runs. J Allergy Clin Immunol. 1991;87:457–67.  
    14.    Wagenmann M, Schumacher L, Bachert C. The time course of the bilateral release of cytokines and mediators after unilateral nasal allergen 

challenge. Allergy. 2005;60:1132–8.  
   15.    Okano M, Fujiwara T, Sugata Y, Gotoh D, Masaoka Y, Sogo M, et al. Presence and characterization of prostaglandin D2-related molecules 

in nasal mucosa of patients with allergic rhinitis. Am J Rhinol. 2006;20:342–8.  
   16.    Peters-Golden M, Gleason MM, Togias A. Cysteinyl leukotrienes: multi-functional mediators in allergic rhinitis. Clin Exp Allergy. 

2006;36:689–703.  
     17.    Heppt W, Dinh QT, Cryer A, Zweng M, Noga O, Peiser C, et al. Phenotypic alteration of neuropeptide-containing nerve fi bres in seasonal 

intermittent allergic rhinitis. Clin Exp Allergy. 2004;34:1105–10.  
    18.    Marinho S, Simpson A, Lowe L, Kissen P, Murray C, Custovic A. Rhinoconjunctivitis in 5-year-old children: a population-based birth cohort 

study. Allergy. 2007;62:385–93.  
    19.    Galan C, Garcia M, Alcazar H, Dominguez P. Meteorological variation effect on aerobiology: new tools on pollen forecasting. Allerg 

Immunol (Paris). 2006;38:203–8.  
    20.    Antepara I, Fernandez JC, Gamboa P, Jauregui I, Miguel F. Pollen allergy in the Bilbao area (European Atlantic seaboard climate): pollination 

forecasting methods. Clin Exp Allergy. 1995;25:133–40.  

9 Differential Diagnosis of Rhinitis and Rhinosinusitis

http://www.census.gov/index.html


150

    21.    Shusterman D, Balmes J, Murphy MA, Tai CF, Baraniuk J. Chlorine inhalation produces nasal airfl ow limitation in allergic rhinitic subjects 
without evidence of neuropeptide release. Neuropeptides. 2004;38:351–8.  

   22.    Cruz AA, Naclerio RM, Proud D, Togias A. Epithelial shedding is associated with nasal reactions to cold, dry air. J Allergy Clin Immunol. 
2006;117:1351–8.  

   23.    Silvers WS, Poole JA. Exercise-induced rhinitis: a common disorder that adversely affects allergic and nonallergic athletes. Ann Allergy 
Asthma Immunol. 2006;96:334–40.  

    24.    Linneberg A, Berg ND, Gonzalez-Quintela A, Vidal C, Elberling J. Prevalence of self-reported hypersensitivity symptoms following intake 
of alcoholic drinks. Clin Exp Allergy. 2008;38:145–51.  

    25.    Ellis A, Keith P. Nonallergic rhinitis with eosinophilia syndrome. Curr Allergy Asthma Rep. 2006;6:215–20.  
   26.    Schiavino D, Nucera E, Milani A, Della Corte AM, D’Ambrosio C, Pagliari G, et al. Nasal lavage cytometry in the diagnosis of nonallergic 

rhinitis with eosinophilia syndrome (NARES). Allergy Asthma Proc. 1997;18:363–6.  
   27.       Kirshna M, Mauroleon G, Holgate S. Essentials in allergy. London: Informa Health Care; 2001.  
   28.    Jacobs RL, Freedman PM, Boswell RN. Nonallergic rhinitis with eosinophilia (NARES syndrome): clinical and immunologic presentation. 

J Allergy Clin Immunol. 1981;67:253–62.  
    29.    Settipane GA, Klein DE. Nonallergic rhinitis: demography of eosinophils in nasal smear, blood total eosinophil counts and IgE levels. N Engl 

Reg Allergy Proc. 1985;6:363–6.  
    30.    Moneret-Vautrin DA, Hsieh V, Wayoff M, Guyot JL, Mouton C, Maria Y. Nonallergic rhinitis with eosinophilia syndrome a precursor of the 

triad: nasal polyposis, intrinsic asthma, and intolerance to aspirin. Ann Allergy. 1990;64:513–8.  
    31.    Kramer MF, de la Chaux R, Fintelmann R, Rasp G. NARES: a risk factor for obstructive sleep apnea? Am J Otolaryngol. 2004;25:173–7.  
    32.    Mazzotta P, Loebstein R, Koren G. Treating allergic rhinitis in pregnancy: safety considerations. Drug Saf. 1999;20:361–75.  
   33.    Blaiss MS. Management of rhinitis and asthma in pregnancy. Ann Allergy Asthma Immunol. 2003;90:16–22.  
   34.   The use of newer asthma and allergy medications during pregnancy. The American College of Obstetricians and Gynecologists (ACOG) and 

the American College of Allergy, Asthma and Immunology (ACAAI). Ann Allergy Asthma Immunol. 2000;84:475–80.  
   35.    Einarson A, Bailey B, Jung G, Spizzirri D, Baillie M, Koren G. Prospective controlled study of hydroxyzine and cetirizine in pregnancy. Ann 

Allergy Asthma Immunol. 1997;78:183–6.  
    36.    Keles N. Treatment of allergic rhinitis during pregnancy. Am J Rhinol. 2004;18:23–8.  
    37.    Schatz M, Zeiger RS. Diagnosis and management of rhinitis during pregnancy. Allergy Proc. 1988;9:545–54.  
    38.    Toppozada H, Michaels L, Toppozada M, El-Ghazzawi I, Talaat M, Elwany S. The human respiratory nasal mucosa in pregnancy: an electron 

microscopic and histochemical study. J Laryngol Otol. 1982;96:613–26.  
    39.    Ellegard E, Karlsson G. Nasal congestion during pregnancy. Clin Otolaryngol Allied Sci. 1999;24:307–11.  
    40.    Ellegard EK. Pregnancy rhinitis. Immunol Allergy Clin North Am. 2006;26:119–35.  
    41.    Plosker GL, Goa KL. Terazosin: a pharmacoeconomic evaluation of its use in benign prostatic hyperplasia. Pharmacoeconomics. 

1997;11:184–97.  
   42.    Vitezic D, Pelcic JM. Erectile dysfunction: oral pharmacotherapy options. Int J Clin Pharmacol Ther. 2002;40:393–403.  
   43.    Hytonen M, Kanerva L, Malmberg H, Martikainen R, Mutanen P, Toikkanen J. The risk of occupational rhinitis. Int Arch Occup Environ 

Health. 1997;69:487–90.  
    44.    Lieutier-Colas F, Meyer P, Pons F, Hedelin G, Larsson P, Malmberg P, et al. Prevalence of symptoms, sensitization to rats, and airborne expo-

sure to major rat allergen (Rat n 1) and to endotoxin in rat-exposed workers: a cross-sectional study. Clin Exp Allergy. 2002;32:1424–9.  
    45.    Wolstenholme CR, Philpott CM, Oloto EJ, Murty GE. Does the use of the combined oral contraceptive pill cause changes in the nasal physi-

ology in young women? Am J Rhinol. 2006;20:238–40.  
    46.    Ediger D, Sin BA, Heper A, Anadolu Y, Misirligil Z. Airway infl ammation in nasal polyposis: immunopathological aspects of relation to 

asthma. Clin Exp Allergy. 2005;35:319–26.  
    47.    Ramey JT, Bailen E, Lockey RF. Rhinitis medicamentosa. J Investig Allergol Clin Immunol. 2006;16:148–55.  
    48.    Warner EA. Cocaine abuse. Ann Intern Med. 1993;119:226–35.  
    49.    Graf P, Hallen H. Effect on the nasal mucosa of long-term treatment with oxymetazoline, benzalkonium chloride, and placebo nasal sprays. 

Laryngoscope. 1996;106:605–9.  
    50.    Hallen H, Graf P. Benzalkonium chloride in nasal decongestive sprays has a long-lasting adverse effect on the nasal mucosa of healthy vol-

unteers. Clin Exp Allergy. 1995;25:401–5.  
   51.    Graf P. Adverse effects of benzalkonium chloride on the nasal mucosa: allergic rhinitis and rhinitis medicamentosa. Clin Ther. 

1999;21:1749–55.  
    52.    Knipping S, Holzhausen HJ, Goetze G, Riederer A, Bloching MB. Rhinitis medicamentosa: electron microscopic changes of human nasal 

mucosa. Otolaryngol Head Neck Surg. 2007;136:57–61.  
     53.    Zohar Y, Talmi YP, Strauss M, Finkelstein Y, Shvilli Y. Ozena revisited. J Otolaryngol. 1990;19:345–9.  
    54.    Bunnag C, Jareoncharsri P, Tansuriyawong P, Bhothisuwan W, Chantarakul N. Characteristics of atrophic rhinitis in Thai patients at the Siriraj 

Hospital. Rhinology. 1999;37:125–30.  
      55.    Moore EJ, Kern EB. Atrophic rhinitis: a review of 242 cases. Am J Rhinol. 2001;15:355–61.  
              56.   Slavin RG, Spector SL, Bernstein IL, et al; American Academy of Allergy, Asthma and Immunology, the American College of Allergy, 

Asthma and Immunology, and the Joint Council of Allergy, Asthma and Immunology. The diagnosis and management of sinusitis: a practice 
parameter update. J Allergy Clin Immunol. 2005;116(6 suppl):S13–47.  

          57.   Fokkens W, Lund V, Mullol J, European Position Paper on Rhinosinusitis and Nasal Polyps Group 2012. European position paper on rhino-
sinusitis and nasal polyps 2012. Rhinology. 2012;50 Suppl 23:1–298.  

       58.    Moscato G, Vandenplas O, Gerth Van Wijk R, et al. Occupational rhinitis. EAACI Position Paper. Allergy. 2008;63:969–80.  
      59.    Storaas T, Steinsvag SK, Florvaag E, Irgens A, Aasen TB. Occupational rhinitis: diagnostic criteria, relation to lower airway symptoms and 

IgE sensitization in bakery workers. Acta Otolaryngol. 2005;125:1211–7.  
     60.    Castano R, Theriault G. Defi ning and classifying occupational rhinitis. J Laryngol Otol. 2006;120:812–7.  

J. Romeo and M.S. Dykewicz



151

   61.    Chan-Yeung M. Assessment of asthma in the workplace. ACCP consensus statement. American College of Chest Physicians. Chest. 
1995;108:1084–117.  

   62.    Meggs WJ, Elsheik T, Metzger WJ, Albernaz M, Bloch RM. Nasal pathology and ultrastructure in patients with chronic airway infl ammation 
(RADS and RUDS) following an irritant exposure. J Toxicol Clin Toxicol. 1996;34:383–96.  

   63.    Leroyer C, Malo JL, Girard D, Dufour JG, Gautrin D. Chronic rhinitis in workers at risk of reactive airways dysfunction syndrome due to 
exposure to chlorine. Occup Environ Med. 1999;56:334–8.  

   64.    Hoffman CD, Henneberger PK, Olin AC, Mehta A, Toren K. Exposure to ozone gases in pulp mills and the onset of rhinitis. Scand J Work 
Environ Health. 2004;30:445–9.  

   65.    Brooks SM, Weiss MA, Bernstein IL. Reactive airways dysfunction syndrome (RADS). Persistent asthma syndrome after high level irritant 
exposures. Chest. 1985;88:376–84.  

    66.    Meggs WJ. RADS and RUDS – the toxic induction of asthma and rhinitis. J Toxicol Clin Toxicol. 1994;32:487–501.  
    67.    Castano R, Theriault G, Gautrin D. Categorizing nasal septal perforations of occupational origin as cases of corrosive rhinitis. Am J Ind Med. 

2007;50:150–3.  
    68.    Slavin RG. Occupational rhinitis. Ann Allergy Asthma Immunol. 2003;90:2–6.  
         69.    Fuchs HA, Tanner SB. Granulomatous disorders of the nose and paranasal sinuses. Curr Opin Otolaryngol Head Neck Surg. 2009;17(1):23–7.  
     70.    Finkielman JD, Lee AS, Hummel AM, et al. ANCA are detectable in nearly all patients with active severe Wegener’s granulomatosis. Am J 

Med. 2007;120:643.e9–e14.  
     71.    deShazo RD, O’Brien MM, Justice WK, Pitcock J. Diagnostic criteria for sarcoidosis of the sinuses. J Allergy Clin Immunol. 1999;103(5 Pt 

1):789–95.  
    72.    Edrees A. Relapsing polychondritis: a description of a case and review article. Rheumatol Int. 2011;31(6):707–13.  
    73.    Patel A, Pambuccian S, Maisel R. Nasopharyngeal amyloidosis. Am J Otolaryngol. 2001;23(5):308–11.  
    74.    Oluk MA, Murphy J. Nasopharyngeal amyloidosis: an unusual case for epistaxis. J Laryngol Otol. 2010;124(2):209–12.  
     75.    Mendenhall WM, Olivier KR, Lynch Jr JW, Mendenhall NP. Lethal midline granuloma-nasal natural killer/T-cell lymphoma. Am J Clin 

Oncol. 2006;29(2):202–6.  
    76.    Hedman J, Kaprio J, Poussa T, Nieminen MM. Prevalence of asthma, aspirin intolerance, nasal polyposis and chronic obstructive pulmonary 

disease in a population-based study. Int J Epidemiol. 1999;28:717–22.  
   77.    Johansson L, Akerlund A, Holmberg K, Melen I, Bende M. Prevalence of nasal polyps in adults: the Skovde population-based study. Ann 

Otol Rhinol Laryngol. 2003;112:625–9.  
    78.    Klossek JM, Neukirch F, Pribil C, Jankowski R, Serrano E, Chanal I, et al. Prevalence of nasal polyposis in France: a cross-sectional, case–

control study. Allergy. 2005;60:233–7.  
    79.    Alobid I, Benitez P, Pujols L, Maldonado M, Bernal-Sprekelsen M, Morello A, et al. Severe nasal polyposis and its impact on quality of life: 

the effect of a short course of oral steroids followed by long-term intranasal steroid treatment. Rhinology. 2006;44:8–13.  
   80.    Hissaria P, Smith W, Wormald PJ, Taylor J, Vadas M, Gillis D, et al. Short course of systemic corticosteroids in sinonasal polyposis: a double- 

blind, randomized, placebo-controlled trial with evaluation of outcome measures. J Allergy Clin Immunol. 2006;118:128–33.  
    81.    Martinez-Anton A, Debolos C, Garrido M, Roca-Ferrer J, Barranco C, Alobid I, et al. Mucin genes have different expression patterns in 

healthy and diseased upper airway mucosa. Clin Exp Allergy. 2006;36:448–57.  
    82.    Larsen K. The clinical relationship of nasal polyps to asthma. Allergy Asthma Proc. 1996;17:243–9.  
    83.    Rohr A, Hassner A, Saxon A. Rhinopharyngoscopy for the evaluation of allergic-immunologic disorders. Ann Allergy. 1983;50:380–4.  
      84.    Olnes SQ, Schwartz RH, Bahadori RS. Consultation with the specialist: diagnosis and management of the newborn and young infant who 

have nasal obstruction. Pediatr Rev. 2000;21:416–20.  
    85.    Zeiger RS. Allergic and nonallergic rhinitis: classifi cation and pathogenesis, part II: non-allergic rhinitis. Am J Rhinology. 1989;3:113–39.  
    86.    Dunn CJ, Alaani A, Johnson AP. Study on spontaneous cerebrospinal fl uid rhinorrhoea: its aetiology and management. J Laryngol Otol. 

2005;119:12–5.  
    87.    Suryadevara AC, Fattal M, Woods CI. Nontraumatic cerebrospinal fl uid rhinorrhea as a result of pseudotumor cerebri. Am J Otolaryngol. 

2007;28:242–6.  
    88.    Clark D, Bullock P, Hui T, Firth J. Benign intracranial hypertension: a cause of CSF rhinorrhoea. J Neurol Neurosurg Psychiatry. 

1994;57:847–9.  
    89.    Skedros DG, Cass SP, Hirsch BE, Kelly RH. Beta-2 transferrin assay in clinical management of cerebral spinal fl uid and perilymphatic fl uid 

leaks. J Otolaryngol. 1993;22:341–4.  
    90.    Nandapalan V, Watson ID, Swift AC. Beta-2-transferrin and cerebrospinal fl uid rhinorrhoea. Clin Otolaryngol Allied Sci. 1996;21:259–64.  
    91.    Theodoropoulos DS, Ledford DK, Lockey RF, Pecoraro DL, Rodriguez JA, Johnson MC, et al. Prevalence of upper respiratory symptoms in 

patients with symptomatic gastroesophageal refl ux disease. Am J Respir Crit Care Med. 2001;164(1):72–6.  
    92.    Baumgartner BJ, Ladd T, Esquivel C. Low-grade adenocarcinoma of the nasalcavity – an unusual presentation: case report and review of the 

literature. Ear Nose Throat J. 2007;86:97–100.  
    93.    Komisar A. Nasal obstruction due to benign and malignant neoplasms. Otolaryngol Clin North Am. 1989;22:351–65.  
    94.    Van’s Gravesande KS, Omran H. Primary ciliary dyskinesia: clinical presentation, diagnosis and genetics. Ann Med. 2005;37:439–49.  
    95.    Afzelius BA. Genetics and pulmonary medicine, 6: immotile cilia syndrome: past, present, and prospects for the future. Thorax. 

1998;53:894–7.  
    96.    Schidlow DV. Primary ciliary dyskinesia (the immotile cilia syndrome). Ann Allergy. 1994;73:457–68.  
    97.    Alho OP. Nasal airfl ow, mucociliary clearance, and sinus functioning during viral colds: effects of allergic rhinitis and susceptibility to recur-

rent sinusitis. Am J Rhinol. 2004;18:349–55.  
    98.    Sasaki Y, Togo Y, Wagner Jr HN, Hornick RB, Schwartz AR, Proctor DF. Mucociliary function during experimentally induced rhinovirus 

infection in man. Ann Otol Rhinol Laryngol. 1973;82:203–11.  
    99.    Stanley PJ, Wilson R, Greenstone MA, MacWilliam L, Cole PJ. Effect of cigarette smoking on nasal mucociliary clearance and ciliary beat 

frequency. Thorax. 1986;41:519–23.  

9 Differential Diagnosis of Rhinitis and Rhinosinusitis



152

    100.   Pleis JR, Lucas JW, Ward BW. Summary health statistics for U.S. adults: National Health Interview Survey, 2008. Vital Health Stat. 
2009;10:1–157.  

    101.    Anand VK. Epidemiology and economic impact of rhinosinusitis. Ann Otol Rhinol Laryngol Suppl. 2004;193:3–5.  
   102.    Ray NF, Baraniuk JN, Thamer M, et al. Healthcare expenditures for sinusitis in 1996: contributions of asthma, rhinitis, and other airway 

disorders. J Allergy Clin Immunol. 1999;103:408–14.  
   103.    Gill JM, Fleischut P, Haas S, Pellini B, Crawford A, Nash DB. Use of antibiotics for adult upper respiratory infections in outpatient settings: 

a national ambulatory network study. Fam Med. 2006;38:349–54.  
    104.    Young J, De Sutter A, Merenstein D, et al. Antibiotics for adults with clinically diagnosed acute rhinosinusitis: a meta-analysis of individual 

patient data. Lancet. 2008;371:908–14.  
         105.   Meltzer EO, Hamilos DL, Hadley JA, et al; American Academy of Allergy, Asthma and Immunology (AAAAI), the American Academy of 

Otolaryngic Allergy (AAOA), the American Academy of Otolaryngology–Head and Neck Surgery (AAO-HNS), the American College of 
Allergy, Asthma and Immunology (ACAAI), and the American Rhinologic Society (ARS). Rhinosinusitis: establishing defi nitions for clini-
cal research and patient care. J Allergy Clin Immunol. 2004;114(6 suppl):S155–212.  

      106.    Chow AN, Benninger MS, Brook I, et al. IDSA clinical practice guidelines for acute bacterial rhinosinusitis in children and adults. Clin Infect 
Dis. 2012;54:1041–5.  

    107.   Scadding GK, Durham SR, Mirakian R, et al; British Society for Allergy and Clinical Immunology. BSACI guidelines for the management 
of rhinosinusitis and nasal polyposis. Clin Exp Allergy. 2008;38(2):260–75.  

       108.    Rosenfeld RM, Andes D, Bhattacharyya N, et al. Clinical practice guideline: adult sinusitis. Otolaryngol Head Neck Surg. 2007;137(3 
Suppl):S1–31.  

    109.    Revai K, Dobbs LA, Nair S, Patel JA, Grady JJ, Chonmaitree T. Incidence of acute otitis media and sinusitis complicating upper respiratory 
tract infection: the effect of age. Pediatrics. 2007;119:e1408–12.  

    110.    Meltzer EO, Hamilos DL, Hadley JA, et al. Rhinosinusitis: developing guidance for clinical trials. Otolaryngol Head Neck Surg. 
2006;135:S31–80.  

    111.    Gwaltney Jr JM. Acute community-acquired sinusitis. Clin Infect Dis. 1996;23(6):1209–23.  
   112.    Sydnor TA, Kapp EJ, Anthony KE, Lococo JM, Kimm SS, Fowler CL. Open label assessment of levofl oxacin for the treatment of acute bacte-

rial sinusitis in adults. Ann Allergy Asthma Immunol. 1998;80:357–62.  
   113.    Wald ER, Milmoe GJ, Bowen AD, Ledesma-Medina J, Salmon N, Bluestone CD. Acute maxillary sinusitis in children. N Engl J Med. 

1981;304:749–54. III.  
   114.    Wald ER, Reilly JS, Casselbrant M, et al. Treatment of acute maxillary sinusitis in childhood: a comparative study of amoxicillin and cefaclor. 

J Pediatr. 1984;104:297–302.  
    115.    Hoban D, Felmingham D. The PROTEKT surveillance study: antimicrobial susceptibility of Haemophilus infl uenzae and Moraxella catarrh-

alis from community-acquired respiratory tract infections. J Antimicrob Chemother. 2002;50(Suppl S1):49–59.  
    116.    Jones NS, Cooney TR. Facial pain and sinonasal surgery. Rhinology. 2003;41(4):193–200.  
    117.    Hamilos DL. Chronic sinusitis. J Allergy Clin Immunol. 2000;106:213–27.  
    118.    McClay JE, Marple B, Kapadia L, et al. Clinical presentation of allergic fungal sinusitis in children. Laryngoscope. 2002;112:565–9.  
     119.    deShazo RD. Fungal sinusitis. Am J Med Sci. 1998;316:39–45.  
    120.    Rizk SS, Kraus DH, Gerresheim G, Mudan S. Aggressive combination treatment for invasive fungal sinusitis in immunocompromised 

patients. Ear Nose Throat J. 2000;79:278–85.  
    121.    Washburn RG. Fungal sinusitis. Curr Clin Topics Infect Dis. 1998;18:60–74.  
    122.    Anderson MH, Stafford CT. Comparison of imaging techniques in the diagnosis of sinusitis [abstract]. Ann Allergy. 1991;66:73.  
    123.    Zinreich SJ. Radiologic diagnosis of the nasal cavity and paranasal sinuses. In: Druce HM, editor. Sinusitis: pathophysiology and treatment. 

New York: Marcel Dekker, Inc.; 1993.  
    124.    Chee L, Graham SM, Carothers DG, et al. Immune dysfunction in refractory sinusitis in a tertiary care setting. Laryngoscope. 

2001;111:233–5.  
      125.       Adkinson N, Yunginger J, Busse W, Bochner B, Holgate S, Middleton E, editors. Middleton’s allergy: principles and practice. 7th ed. St 

Louis: Mosby; 2003.    

J. Romeo and M.S. Dykewicz



153C.C. Chang et al. (eds.), Diseases of the Sinuses,
DOI 10.1007/978-1-4939-0265-1_10, © Springer Science+Business Media New York 2014

    Chapter 10   
 Diagnosis and Classifi cation of Chronic Rhinosinusitis 
with and Without Polyposis in Adults and Children 

             Daniel     L.     Hamilos     

           Origin of the Term “Rhinosinusitis” and Evolution of Current Chronic 
Rhinosinusitis (CRS) Classifi cation System 

 The term “rhinosinusitis” appeared in the medical literature as early as 1953 with reports of “allergic rhinosinusitis” and “pol-
ypoid hyperplastic rhinosinusitis” [ 1 – 4 ]. Several reports in the 1960s and 1970s addressed the issue of “allergic rhinosinusitis” 
and sensitization to microbial antigens in patients with rhinosinusitis [ 5 ]. “Hyperplastic rhinosinusitis” was an established 
terminology in this time period [ 6 ]. Rhinosinusitis polyposis as a symptom of aspirin intolerance was described in 1977 [ 7 ]. 

 A classic paper by Messerklinger (the father of “functional endoscopic sinus surgery”) in 1987 elegantly states the impor-
tance of the nose in the origins of chronic rhinosinusitis [ 8 ]:

  In the vast majority of cases infections of the paranasal sinus system are rhinogenic. Usually these spread via the middle nasal meatus and 
the anterior ethmoid to the dependent larger sinuses, especially to the frontal and/or maxillary sinus. If a sinusitis does not heal or is con-
stantly recurring, a focus of infection has remained in a stenotic cleft of the lateral nasal wall, irritating nasal function and where from 
infection time and again may spread to the dependent sinuses. These Infection foci may be very circumscribed and limited, and not always 
must present with the typical triad of sinusitis symptoms: pathological secretion, nasal obstruction and cephalgia. Frequently only one of 
these symptoms prevails. By the means of nasal endoscopy and polytomography these foci can exactly be localized. After clearing the 
infection foci, which easily can be achieved under endoscopic guidance, mucosal function usually is restored and the dependent larger 
sinuses heal without having been touched. 

   The term “rhinosinusitis” was used in 1990 by Stevenson and colleagues in reference to their long-term experience with 
aspirin desensitization for “aspirin-sensitive rhinosinusitis-asthma” [ 9 ]. Lund and colleagues described the role of functional 
endoscopic sinus surgery in the management of chronic rhinosinusitis in 1991 [ 10 ]. Still, the term “sinusitis” was the more 
commonly used term in the literature through the late 1990s. 

 In 1996, the American Academy of Allergy, Asthma & Immunology (AAAAI) and the American Academy of 
Otolaryngology–Head and Neck Surgery Foundation, Inc. (AAO-HNS) convened a meeting in collaboration with the 
National Institutes of Allergy and Infectious Disease (NIAID) to identify critical directions for research on sinus disease 
[ 11 ]. In this report, it is stated that “Because the infl ammatory process that causes sinusitis is frequently associated with 
infl ammation of the nasal passages, the term rhinosinusitis might more precisely defi ne this disease state.” 

 The Rhinosinusitis Task Force (RSTF) (convened by the AAO-HNS in August, 1996) put forward the term “rhinosinus-
itis” as “more descriptive of the actual condition” than the term “sinusitis” [ 12 ]. Rhinosinusitis in adults was defi ned as “a 
condition manifested by an infl ammatory response involving the following: the mucous membranes (possibly including the 
neuroepithelium) of the nasal cavity and paranasal sinuses, fl uids within these cavities, and/or underlying bone.” The argu-
ments favoring rhinosinusitis over sinusitis were summarized as follows. First, clinical “sinusitis” is often preceded by rhini-
tis, and sinusitis occurring in the absence of rhinitis is rare. Isolated sinusitis (e.g., dental origin) was acknowledged to occur 
but not nearly as commonly as the more general rhinosinusitis that usually follows a viral upper respiratory infection. Studies 
of patients exposed to the common cold virus (rhinovirus) had found that 33 % had magnetic resonance imaging abnor-
malities of the ethmoid or maxillary sinuses temporally associated with the acute infection [ 13 ,  14 ]. These studies provided 

        D.  L.   Hamilos ,  MD       
  Division of Rheumatology, Allergy and Immunology, Department of Medicine ,  Massachusetts General Hospital, Harvard Medical School , 
  55 Fruit Street, Bulfi nch-422 ,  Boston ,  MA   02114 ,  USA   
 e-mail: dhamilos@partners.org  

mailto:dhamilos@partners.org


154

compelling evidence for adoption of the term “rhinosinusitis” at least in the context of viral upper respiratory infections, but 
it could be questioned whether this same association applies to bacterial sinusitis and chronic sinusitis. Certainly from the 
perspective of symptoms, the answer is yes, since two of the cardinal symptoms of sinusitis, namely, nasal congestion (nasal 
blockage) and nasal or postnasal drainage, clearly overlap with rhinitis and hyposmia/anosmia. Concomitant allergic or non-
allergic rhinitis is also a common comorbid condition with “sinusitis.” Adoption of the term “rhinosinusitis” was not intended 
to downplay the signifi cance of these conditions but rather to highlight their importance as coexisting sources of nasal infl am-
mation that could manifest themselves with similar symptoms and participate in the clinical problem of rhinosinusitis. 

 Histologically, the nasal passages and the sinus cavities were also felt to have many similarities. The mucous blanket of 
the sinuses is in continuity with that of the nasal cavity, and all sinus cavities drain into a compartment of the nose [ 12 ]. It 
was also believed that use of the term rhinosinusitis would help educate physicians and the lay public that the nasal passages, 
as well as the sinuses, are involved with the disorder. 

 Since the 1997 Task Force document, some evidence has emerged in support of the term rhinosinusitis. Bhattacharyya 
evaluated paired specimens of nasal septal mucosa and ethmoid sinus mucosa in a prospective cohort of 42 patients undergo-
ing endoscopic sinus surgery for chronic rhinosinusitis [ 15 ]. There was histopathologic evidence that rhinitis was associated 
with chronic sinusitis. 

 Signifi cant efforts to subclassify and redefi ne CRS occurred concurrently in the time period 2003–2005. In 2003, another 
consensus panel endorsed by the American Academy of Otolaryngology–Head and Neck Surgery (AAO-HNS), the American 
Academy of Otolaryngic Allergy (AAOA), the American Rhinologic Society (ARS), and the Sinus and Allergy Health 
Partnership (SAHP) redefi ned chronic rhinosinusitis as “a group of disorders characterized by infl ammation of the mucosa 
of the nose and paranasal sinuses of at least 12 consecutive weeks’ duration.” The diagnosis required the presence of 2 major 
factors or 1 major factor + 2 minor symptoms  or  nasal purulence on examination. Facial pain alone was not regarded as sug-
gestive of CRS in the absence of other nasal symptoms or signs. The consensus panel strongly advocated for the objective 
confi rmation of sinus disease by means of direct visualization or imaging studies [ 16 ]. 

 The “Rhinosinusitis Initiative” comprised an expert panel endorsed by the American Academy of Allergy, Asthma, and 
Immunology; the American Academy of Otolaryngic Allergy; the American Academy of Otolaryngology–Head and Neck 
Surgery; the American College of Allergy, Asthma, and Immunology; and the American Rhinologic Society [ 17 ,  18 ]. This 
group convened in 2003 and published a rhinosinusitis defi nitions document in 2004. Nearly simultaneously, the European 
Academy of Allergy and Clinical Immunology (EAACI) generated a consensus report [ 19 ]. Both groups abandoned the 
earlier defi nition based on major and minor criteria and defi ned rhinosinusitis based on the presence of cardinal symptoms 
combined with objective evidence of sinus disease by nasal endoscopy or radiographic imaging. 

 In line with these documents, the American Academy of Otolaryngology–Head and Neck Surgery adopted the term rhi-
nosinusitis on their Web page, citing their preference for this term over sinusitis on the basis of recent literature (AAO-HNS 
Web site, available at   http://www.entnet.org/healthinfo/sinus/allergic_rhinitis.cfm    . Accessed July 29, 2005). 

 Subsequent to the RI and EAACI reports, other groups, including the British Society for Allergy and Clinical Immunology, 
quickly adopted the term “rhinosinusitis” [ 20 ]. However, in the USA, the term rhinosinusitis was adopted by the otolaryngol-
ogy societies (AAO-HNS, ARS, and AAOA) but not by the allergy societies [ 21 ]. 

 The RI and EAACI groups also proposed a new classifi cation scheme for CRS based on subtypes. Thus, chronic rhi-
nosinusitis without nasal polyposis (CRSsNP), chronic rhinosinusitis with nasal polyposis (CRSwNP), and allergic fungal 
rhinosinusitis (AFRS) were felt to be suffi ciently distinct on clinical and/or pathologic grounds to be regarded as distinct 
subsets of CRS (see section “ Subtypes of CRS ”). 

 Considering the evolution of thinking and lack of unanimity of opinion regarding disease terminology, it should be kept 
in mind that most literature prior to 2003 and a substantial fraction of publications since then still use the term “sinusitis” in 
deference to “rhinosinusitis.” In reality, the vast majority of these publications are describing the same condition.  

    Classifi cation of CRS in Children 

 Considering the high prevalence and healthcare impact of chronic rhinosinusitis in children, there has been a surprising lack of 
expert panel reports on its pathogenesis, terminology, or treatment. The RSTF report of 1997 acknowledged that the maturity of 
the children’s immune system affects both their susceptibility to rhinosinusitis and the microbiology of the disease and that chil-
dren appear to be more susceptible to viral infections and have higher rates of infection through child care facilities [ 12 ]. Yet, pedi-
atric chronic rhinosinusitis was not discussed in detail in this or any of the other expert panel reports previously mentioned. Similar 
defi nitions of disease based on symptoms and duration of illness were generally regarded as applicable to children as adults. 
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 Several agencies published guidelines concerning the diagnosis and management of acute bacterial sinusitis, emphasizing 
the importance of viral infections as the most common cause of rhinosinusitis and that antibiotic treatment of uncomplicated 
viral upper respiratory tract infections (URTIs) is inappropriate. These guidelines were endorsed by the American Academy 
of Pediatrics [ 22 ]. 

 It is widely acknowledged that adenoid hypertrophy and allergic rhinitis are common in children and that recurrent upper 
respiratory tract infections lead to most incidences of acute bacterial rhinosinusitis [ 23 ]. Furthermore, the histopathology of 
CRS in children differs from that in adults, being more characteristically lymphocytic and less eosinophilic and showing less 
evidence of glandular hyperplasia or tissue remodeling [ 24 ,  25 ]. Multiple factors are believed to contribute to CRS in chil-
dren as summarized in Table  10.1 .

   The contrasting features of pediatric versus adult CRS are summarized in Tables  10.2  and  10.3  [ 26 ]. Typical upper respi-
ratory tract infections (URTI or the “common cold”) have been demonstrated within 48–96 h of onset to cause maxillary 
sinus infundibulum occlusion in 77 % of cases and much more extensive evidence of sinus involvement in many cases that 
can persist up to 2 weeks [ 14 ]. The incidence of the common cold is highest in children <5 years. Children attending school 
or daycare serve as a large reservoir for URTIs to other children and adults. Children have three to eight viral URTIs per year. 
Adolescents and adults have two to four URTIs per year, and people older than 60 years have less than one URTI    per year. 
Bacterial rhinosinusitis complicates 2 % of viral URTIs [ 28 ].

    Small sinus ostia likely contribute to their frequent occlusion by viral URTIs. Likewise, certain anatomic variants, such 
as septal deviation, Haller cells, paradoxical curvature of the middle turbinate, and agger nasi cells, have been suggested to 
predispose to obstruction of the ostiomeatal unit, development of CRS, or both. However, there is currently little evidence 
that these play a role in most cases of chronic sinusitis [ 29 – 32 ]. A recent study in a pediatric population found no correlation 
between anatomic abnormalities and the extent of CRS on sinus CT scanning [ 33 ]. 

 Immaturity of the pediatric immune system is also likely to contribute to the development of CRS. In the study of 61 
children with refractory CRS, Shapiro et al. found evidence of low immunoglobulin levels in 6 children and vaccine hypore-
sponsiveness in 23 children [ 34 ]. This is a much higher rate of impaired humoral immunity than found in a study of adult 
patients with CRS [ 35 ]. 

 A schema of the pathogenesis of pediatric CRS that incorporates the distinct features of pediatric versus adult CRS is 
shown in Fig.  10.1 .

   Table 10.1    Multiple factors contribute to 
chronic rhinosinusitis in children   

 High frequency of viral upper respiratory tract infections 
 Small sinus ostia 
 Anatomic abnormalities in the sinuses a  
 Immaturity of the pediatric immune system 
 Biofi lm formation in sinus tissue 
 Enlarged adenoidal pads harboring bacteria that cause CRS 
 Allergy 
 Defects in mucociliary clearance (cystic fi brosis, immotile cilia syndrome) 

  Adapted from [ 26 ,  27 ] 
  a Evidence suggests this makes a relatively small contribution to CRS development  

   Table 10.2    Summary 
of  similarities and differences 
in pediatric versus adult CRS   

 Contributive factor  Pediatric CRS  Adult CRS 

 Frequent viral URTIs   +    
 Small sinus ostia   +    
 Anatomic sinus abnormalities   ±    ±  
 Immaturity of the humoral immune system   +    
 Biofi lm formation in sinus tissue   +    +  
 Enlarged adenoidal pads harboring biofi lm   +    
 Allergy   +    +  
 Defects in mucociliary clearance   ±    ±  

   +    denotes a factor more common in one form of CRS (pediatric or adult) 
 ± denotes a factor that may contribute to pediatric or adult CRS in selected cases 
 + denotes a factor that contributes signifi cantly to both pediatric and adult CRS  
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   Table 10.3    Bacteriologic and pathologic similarities and differences 
in pediatric versus adult CRS   

 Contributive factor  Pediatric CRS  Adult CRS 

 Bacteriology  Similar  Similar 
 Pathologic features 
  Lymphocytes   +    
  Eosinophils  Fewer   +    
  Glandular hyperplasia   +    
  Tissue remodeling   ±   + 
  Nasal polyps   +    

   +    denotes a factor more common in one form of CRS (pediatric or 
adult) 
 ±    denotes a factor that may contribute to pediatric or adult CRS in 
selected cases 
 + denotes a factor that contributes signifi cantly to both pediatric 
and adult CRS  
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  Fig. 10.1    Pathogenesis of 
pediatric CRS       

        Subtypes of CRS 

 The RI and EPOS documents defi ned three distinct subtypes of CRS (see Fig.  10.2  and Table  10.4 ). The underlying causes 
and contributing factors, as well as the response to medical or surgical management, are substantively different among the 
three conditions:
•      CRS with nasal polyposis: 20–33 % of cases  
•   Allergic fungal rhinosinusitis: 8–12 %  
•   CRS without nasal polyposis: 60–65 %    

 The distinct clinical characteristics and pathologic differences between these subtypes are briefl y discussed. 
 CRS Without Nasal Polyposis (CRSsNP): CRSsNP is the most common form of CRS, accounting for 60–65 % of cases 

[ 35 ]. CRSsNP describes the presence of CRS without the other characteristic features that defi ne the other two syndromes 
(e.g., nasal polyposis or allergic mucin containing fungal hyphae), although the distinction between subtypes is sometimes 
hazy (see below). 
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  Fig. 10.2    Current classifi cation of CRS (Adapted from Meltzer et al. [ 17 ]. With permission from Elsevier)       

   Table 10.4    Defi nitions    of CRSsNP, CRSwNP, and AFRS as established by the RI and EPOS consensus groups   

 Summary of recent evidence-based guidelines for the diagnosis of CRS 

 Guideline  Criteria for diagnosis  Special assessment recommendations 

 EP,OS, 2007  ≥2 symptoms lasting >12 weeks, 1 of which should be either nasal 
blockage/obstruction/congestion or nasal discharge 
(anterior/posterior nasal drip) 

  ± Facial pain/pressure 
  ± Reduction or loss of smell 
 Objective criteria 
  Endoscopy or rhinoscopy to identify presence/absence of NP 

 Recommended 
  Endoscopy 
  Anterior rhinoscopy, if endoscopy unavailable 
  Allergy testing, if history is suggestive 
 Not recommended 
  CT for primary care 
 Optional 
  CT for ENT specialists 

 CRS with or without NP 
  ≥2 of the following symptoms for ≥12 weeks 
   Anterior and/or posterior mucopurulent drainage 
   Nasal obstruction 
   Facial pain/pressure/fullness (without NP only) 
   Decreased sense of smell (with NP only) 
  Objective criteria 
    Nasal airway examination to confi rm or exclude NP and/or to 

document infl ammation 
   Sinus CT not essential but should be strongly considered 
 AFRS 
  ≥1 of the symptoms already listed 
  Objective criteria 
    Endoscopy to document presence of allergic mucin containing fungal 

hyphae or culturable fungi and infl ammation (e.g., edema of middle 
meatus or ethmoid area, NP) 

   Evidence of fungus-specifi c IgE (by skin test or in vitro blood test) 
   No histological evidence of invasive fungal disease 

 Diagnosis of CRS with or without NP 
  Strongly recommended 
   Nasal airway examination, CT (not essential) 
 Diagnosis of AFRS 
  Recommended 
    Skin test or in vitro blood test for fungus-

specifi c IgE 
   Endoscopy 
   Fungal stain of allergic mucin 
  Optional 
   Fungal culture 
   Total serum IgE 
    Imaging by >1 technique (highly suggestive 

of diagnosis) 

  Reprinted from Meltzer and Hamilos [ 36 ]. With permission from Elsevier  
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 CRSsNP is heterogeneous and may include patients with allergic and nonallergic rhinitis, structural abnormalities, and 
mucociliary defects (e.g., immotile cilia syndrome); patients with gastroesophageal refl ux-associated CRS; and patients with 
immunodefi ciency. 

 Pathophysiology: Sinus ostial obstruction is the well-accepted cause of persistent symptoms and sinus infl ammation and 
is found in the majority of cases [ 8 ,  37 ]. Underlying conditions, such as allergic rhinitis or immunodefi ciency, are important 
contributive factors to the pathogenesis. CRSsNP is characterized by sinus opacifi cation or sinus ostial obstruction with 
nonpolypoid mucosal thickening of the associated sinus cavity (see Fig.  10.3 ). Biopsy of mucosal tissue characteristically 
shows an infi ltration of mixed mononuclear cells and neutrophils, with an increase in submucosal glands [ 38 ] and stromal 
fi brosis [ 39 ]. Epithelial goblet cell hyperplasia may be present. Eosinophils may be present but generally represent <10 % of 
the infi ltrating infl ammatory cells [ 40 ] which is another distinguishing feature in comparison to CRSwNP and AFRS. 
Chronic infection and biofi lm formation are likely important components in the pathogenesis of CRSsNP [ 41 ].

   The sinus mucus from patients with CRSsNP typically shows abundant eosinophils and neutrophils. Allergic mucin is 
present in some cases without the other characteristic features of AFRS, such as a positive mucus stain for fungi or evidence 
of fungal-specifi c IgE by skin tests or in vitro IgE immunoassays (e.g., CAP-RAST tests). Thus, these patients do not fulfi ll 
all the criteria of AFRS. 

 Fungi have been proposed to be involved in the pathogenesis of CRSsNP as well. Although most patients do not produce 
a classic IgE-mediated response against fungi, eosinophilic infl ammation caused by a Th2-type sensitization to colonizing 
fungi has been proposed [ 42 ,  43 ]. T lymphocytes from a high percentage of CRS patients produce eosinophil-promoting 
cytokines, including IL-5 and IL-13, when exposed in vitro to certain fungal antigens (e.g., those from Alternaria) [ 43 ]. 
However, the role of fungi in CRSsNP pathogenesis remains controversial [ 44 ]. 
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  Fig. 10.3    Summary of characteristic features of chronic rhinosinusitis without nasal polyposis (CRSsNP)       
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 Clinical Presentation: The characteristic presentation of CRSsNP is that of persistent symptoms with periodic exacerba-
tions characterized by increased facial pain/pressure and/or increased anterior or posterior drainage. Fatigue is a frequent 
accompanying symptom. Fever is usually absent or low grade. A subset of patients has recurrent acute rhinosinusitis symp-
toms, which respond well to antibiotic treatment. These patients have been described as having “recurrent acute rhinosinus-
itis” or “chronic recurrent rhinosinusitis” [ 45 ]. 

 Chronic rhinosinusitis with nasal polyposis (CRSwNP): CRSwNP is characterized by the presence of nasal polyps. Nasal 
polyps are translucent, yellowish-gray to white, glistening masses fi lled with gelatinous infl ammatory material, which may 
form in the nasal cavity or paranasal sinuses (see Fig.  10.4 ). The gray-white color is due to the relatively avascular nature of 
the polyp tissue. The nasal polyps are characteristically bilateral.

   Pathophysiology: Nasal polyps generally begin to form around the ostiomeatal complex, although they may be found 
through the nasal cavities and sinuses [ 46 ]. The initial trigger for their development is probably variable, but experimental 
evidence in animal models suggests that underlying allergic infl ammation and bacterial infection may contribute to their 
formation [ 47 ]. Polyp tissue typically contains a predominance of eosinophils, high levels of the Th2 cytokines interleukin 
(IL)-5 and IL-13, and high levels of histamine [ 48 ]. 

 In CRSwNP, there is evidence for localized allergic hyperresponsiveness to colonizing Staphylococcus aureus, as evi-
denced by the local production of specifi c IgE antibodies against staphylococcal enterotoxins [ 49 ,  50 ]. These antibodies can 
be measured in sinus tissues, although levels in the blood may be undetectable. The enterotoxins act as superantigens and 
broadly activate T lymphocytes. In contrast, patients with CRSsNP do not appear to produce IgE to staphylococcal entero-
toxins [ 49 ]. A role for eosinophilic Th2 fungal sensitization has also been suggested, as in CRSsNP (see above). 

 Clinical Presentation: The characteristic presentation of CRS with NP is gradually worsening nasal congestion/obstruction, sinus 
fullness and pressure, fatigue, posterior nasal drainage, and hyposmia or anosmia. Fever and severe facial pain are uncommon. 
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  Fig. 10.4    Summary of characteristic features of chronic rhinosinusitis with nasal polyposis (CRSwNP)       
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 CRSwNP affects immunocompetent patients and is associated with aspirin sensitivity and asthma. Approximately 
30–40 % of adult patients with asthma and nasal polyps have aspirin sensitivity [ 51 ]. 

 Allergic fungal rhinosinusitis (AFRS): AFRS refers to CRS that is accompanied by sinus opacifi cation with “allergic 
mucin” or thick, inspissated mucus that ranges in color from light tan to brown to dark green and which contains degranulat-
ing eosinophils (see Fig.  10.5 ). Allergic mucin is generally identifi ed at the time of surgery. Fungal hyphae are demonstrable 
within the allergic mucin, which suggests fungal colonization rather than invasive fungal disease. In invasive fungal sinusitis, 
fungal hyphae can be shown histologically to penetrate the underlying mucosa [ 52 ].

   Over time, patients with AFRS may develop sinus cavity opacifi cation and sometimes local pressure effects on bone. 
Bony demineralization of the sinus wall may ensue, resulting in expansion of the sinus and possibly mucocele formation. 
True bone erosion is less common, occurring in 20 % of cases [ 54 ]. 

 Patients with AFRS usually have nasal polyposis and are immunocompetent, similar to patients with CRSwNP. However, 
AFRS patients have evidence of fungal-specifi c IgE by skin tests or IgE immunoassays (commonly called RAST tests). 
Thus, AFRS is distinguished from CRSsNP and CRSwNP by the presence of allergic mucin containing viable fungal hyphae 
(as demonstrated by fungal staining or culture) and evidence of IgE-mediated allergy to one or more fungi [ 55 ,  56 ]. 

 Pathophysiology: The pathophysiology of allergic fungal rhinosinusitis (AFRS) is most consistent with chronic, intense 
allergic infl ammation directed against colonizing fungi. Histologically, allergic mucin demonstrates intense eosinophilic 
degranulation, mucostasis, and inspissation [ 57 ]. 

 Clinical Presentation: AFRS usually presents subtly, with symptoms similar to CRS with NP. Patients may describe semi-
solid nasal crusts that are similar in appearance to allergic mucin [ 17 ]. Fever is uncommon. In occasional patients, AFRS 
presents dramatically with complete nasal obstruction, gross distortion of facial features, and/or visual changes.  
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  Fig. 10.5    Summary of characteristic features of allergic fungal rhinosinusitis (AFRS) (Reprinted from Ponikau et al. [ 53 ]. With permission from 
Elsevier)       
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    Cardinal Symptoms of CRS 

 The cardinal symptoms of CRS, as defi ned by the RI and EPOS groups, include facial pain/pressure/fullness, anterior and/
or posterior nasal drainage (“nasal drip”), nasal obstruction (nasal blockage/congestion), and decrease or loss of sense of 
smell (also referred to as hyposmia/anosmia). Loss of sense of taste (ageusia) is typically included under disturbance of sense 
of smell, since taste perception is considered part of olfactory function. 

 The RI document proposed slightly different symptom criteria based on the diagnosis of ABRS, CRSsNP, CRSwNP, or 
AFRS. For example, for CRSsNP, only three cardinal symptoms were defi ned with loss of sense of smell excluded. In con-
trast, for CRSwNP, only three cardinal symptoms were defi ned with facial pain/pressure/fullness excluded. Finally, for 
AFRS, all four cardinal symptoms were defi ned, but confi rmation of the diagnosis required only one symptom, acknowledg-
ing that some patients had been found to present with facial disfi gurement but minimal nasal symptoms. However, prior to 
the RI and EPOS documents, the symptom differences between CRSsNP, CRSwNP, and AFRS had not been systematically 
examined. 

 Following publication of the RI document, studies by Baraniuk and Maibach [ 58 ] and Banerji et al. [ 59 ] provided some 
validation of the symptom differences between CRSsNP and CRSwNP. The Banerji study was based on analysis of data from 
an outcomes study of CRS conducted at Washington University School of Medicine in St. Louis, MO, from 1999 to 2001. 
In this study, the Sino-Nasal Outcome Test (SNOT-20), modifi ed to include the symptom of “sense of smell” (“SNOT20+1”), 
was used for capturing CRS-related symptoms and outcomes of CRS treatment [ 60 ]. The most frequent symptoms at presen-
tation included postnasal drainage (96 %), thick nasal discharge (93 %), waking up tired (90 %), and facial pain (86 %). 
Although the symptom of nasal congestion was not captured, the related symptom of “need to blow nose” was reported with 
a prevalence of 68 %. Hyposmia/anosmia was the least common of the cardinal CRS symptoms (22 %); however, this symp-
tom was often ranked as the most bothersome on the SNOT20+1. 

 Banerji further analyzed the data from this study after classifying patients as having CRSsNP (70.2 %), CRSwNP 
(16.7 %), or “polypoid” CRS (16.5 %) [ 59 ]. (In this study, none of the patients were confi rmed to have AFRS.) The symptom 
of facial pain/pressure/fullness was more common in CRSsNP (92 % versus 73 %) ( p  = .01), whereas nasal obstruction (40 % 
versus 69.5 %) and hyposmia/anosmia (62 % versus 92 %) were more common in CRSwNP ( p  = .025 and .01, 
respectively). 

 Since no symptom of CRS is pathognomonic, each symptom must be considered suggestive of rather than diagnostic of 
CRS. A brief “differential diagnosis” for the cardinal CRS symptoms will be presented along with prevalence data for each 
symptom in CRS patients. 

    Facial Pain/Pressure/Fullness and Sinus Headache 

 The description of facial pain/pressure/headache ranges from vague and poorly localized to sharp and focal, with most 
patients describing vague discomfort (including “fullness” or “pressure”) in the cheeks, above or below the eyes, or across 
the bridge of the nose. Many patients point to an area on the face that anatomically localizes to the ostiomeatal complex or 
unit (“OMU”) on one or both sides. Patients also frequently report “sinus headaches,” but this symptom requires more pre-
cise description, since it could signify anything from vague sinus pain/pressure to focal sharp pain or pulsatile vascular-type 
headaches. Focal and sharp facial pain over one or more sinus area may be rhinogenic in origin but is often unassociated with 
radiographic evidence of sinus disease and ultimately may be deemed a manifestation of “neurogenic” or “psychogenic” 
pain without more precise explanation for its cause emerging despite further investigation. Pain in the upper teeth is sugges-
tive of nerve irritation caused by infl ammatory process adjacent to tooth roots. In the series reported by Bhattacharyya, facial 
pressure and headache were both reported by 83 % and dental pain was reported by 50 % of patients [ 61 ]. 

 It has been suggested that headaches may be caused by a mucosal “contact point” between the nasal septum and the 
middle or superior turbinate or between the septum and the medial wall of the ethmoid sinus [ 62 ,  63 ]. However, there is 
considerable debate over the prevalence of this condition and means to establish it as a cause of headache. Patients may have 
headaches in the absence of other symptoms of CRS and frequently have other symptoms suggestive of migraine headaches, 
such as pulsating headaches and photophobia [ 62 ]. 

 Facial pain/pressure has been shown to lack specifi city with respect to predicting the presence of rhinosinusitis by other 
objective measures. In one study, headache and facial pain were much less predictive of the presence of sinusitis by nasal 
endoscopy or sinus CT scan than the symptoms of nasal obstruction or postnasal drip [ 64 ]. In another study, patients’ cumu-
lative symptoms as recorded with the SNOT-20 instrument were found to lack correlation with sinus CT scoring by the 
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Lund-Mackay method [ 65 ]. Furthermore, endoscopy-negative, sinus CT-negative patients with facial pain were found to be 
unresponsive to medical treatment for sinusitis [ 66 ].  

    Special Consideration: Distinguishing Rhinogenic from Non-rhinogenic Headaches 

 Studies analyzing the relationship between headaches and rhinosinusitis have yielded widely disparate results suggesting 
that the studies themselves suffer from some degree of bias. Thus, in the study by Bhattacharyya [ 61 ], an otolaryngologist, 
80 % of patients diagnosed with CRS reported headaches, and the clinical impression was that this symptom was refl ective 
of the underlying condition. In contrast, the study of Schreiber et al. [ 67 ], which was conducted at multiple primary care 
sites, 2,991 patients were enrolled if they had experienced at least six episodes of self-described or physician-diagnosed 
“sinus headaches” in the preceding 6 months. Patients were excluded if they had signs of nasal purulence or postnasal drain-
age with their self-described “sinus” headaches or if they had radiographic evidence of sinus infection in the previous 6 
months. In this study, 80 % of the patients were found to meet International Headache Society criteria for “migraine” head-
ache, and another 8 % met criteria for “migrainous” headaches. Only a minority were felt to have rhinosinusitis. However, 
the results of the study cannot be generalized to the population of CRS patients, since the study sought to exclude CRS 
patients at entry and did not thoroughly exclude CRS in the study population. In Tarabichi’s study of 82 patients with CRS, 
38 % of patients with facial pain plus radiographic and endoscopic evidence of CRS had a persistence of facial pain one year 
following sinus surgery despite a lack of evidence for persistent sinus disease [ 68 ]. The author concluded that roughly one- 
third of patients with facial pain underwent sinus surgery for a non-sinus indication. Perhaps it would be fairer to say that 
one-third of patients with facial pain and sinusitis failed to experience relief of facial pain despite surgical correction of their 
sinusitis. 

 The author’s own experience lies somewhere in between these two extremes. In our Sinusitis Outcomes Study, we found 
that patients with an initial complaint of facial pain/pressure had a poorer response to medical management compared to 
patients without this complaint [ 60 ]. Facial pain or pressure also correlated poorly with sinus CT scan fi ndings. Of our 91 
enrolled patients, 11 had a negative baseline sinus CT scan. Of these, 10 had either facial pain or facial pressure along with 
other CRS symptoms as part of their presenting symptom complex. Nonetheless, considering our entire patient population, 
a highly signifi cant improvement in facial pain/pressure was reported by patients after medical treatment for their rhinosi-
nusitis. Therefore, if other symptoms of CRS are present, it is worth considering that the patient’s facial pain/pressure/head-
aches may have a rhinogenic component. If these symptoms fail to improve after treatment, other causes should certainly be 
sought. 

 The key point is that facial pain/pressure/headache may have multiple etiologies and is probably the least specifi c of the 
cardinal symptoms for CRS. 

 For this reason, expert panels have recommended that the diagnosis of CRS not be made on the basis of a single major 
symptom of facial pain/pressure [ 16 ]. For the interested reader, a more detailed discussion of the differential diagnosis of 
facial pain/pressure/fullness and sinus headache has been published [ 35 ].  

    Anterior and/or Posterior Nasal Drainage (“Nasal Drip”) 

 Anterior and/or posterior nasal drainage may be a symptom of seasonal or perennial allergic rhinitis or nonallergic forms of 
rhinitis. Less common causes include CSF rhinorrhea, nasal and sinus secreting tumors, inverted papilloma, and nasal for-
eign bodies. Occasionally, the perception of mucus buildup in the throat may be a symptom of gastroesophageal refl ux 
(GERD), particularly laryngopharyngeal refl ux (LPR). In this case, other associated symptoms might include heartburn, 
chronic throat clearing, and hoarseness [ 69 ]. 

 Clear, watery rhinorrhea is most typically associated with allergic rhinitis, idiopathic rhinitis, rhinitis medicamentosa, 
rhinitis associated with medication use, or CSF rhinorrhea. Opaque white or colored drainage is more likely to represent 
“purulence” and is more likely to be associated with sinus pathology, including acute or chronic infection or chronic nonin-
fectious infl ammatory disease, including that seen in association with CRSwNP and AFRS. Thick, yellow, green, or brown 
mucus may be seen in recurrent acute rhinosinusitis or in refractory CRS cases, including cases of classic AFRS. Thick, 
crusted, foul-smelling nasal mucus may be a symptom of atrophic rhinitis, a poorly understood chronic infection of the nose 
[ 70 ,  71 ].  
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    Nasal Obstruction (Nasal Blockage/Congestion) 

 Nasal congestion is often described by the patient as nasal blockage or stuffi ness or less commonly as nasal “fullness.” The 
differential diagnosis of this symptom includes the various forms of rhinitis and “empty nose syndrome.” Unilateral nasal 
congestion/blockage raises the question of a local anatomic problem or tumor, such as an antral choanal cyst.  

    Decrease or Loss of Sense of Smell (Hyposmia/Anosmia) and Loss of Taste (Ageusia) 

 Disturbance in sense of smell may be perceived as a reduced or completely absent sense of smell (hyposmia or anosmia, 
respectively). Patients may also report a reduced ability to taste foods (ageusia). Less commonly, they may experience a 
reduced taste sensation with preservation in sense of smell.   

    Correlation of Nasal Endoscopic Findings with CRS Defi nition 

 The 1997 Task Force based the defi nition of chronic rhinosinusitis primarily on history and physical examination fi ndings in 
order to make it broadly applicable in clinical practice [ 12 ]. Nasal endoscopy and radiographic imaging were not required 
for the initial diagnosis but were acknowledged to be helpful in diffi cult or recalcitrant cases. The diagnosis was based on a 
combination of major and minor criteria but was not validated against objective criteria for disease. 

 To test the validity of this defi nition, Stankiewicz and Chow performed a study in which 78 adult patients meeting the Task 
Force defi nition of CRS were also evaluated with same-day nasal endoscopy and sinus CT imaging [ 72 ]. None of the patients 
had prior surgery, and all evaluations were done prior to the initiation of medical treatment. Patients with obvious nasal pol-
yps, fungus, or purulence on anterior rhinoscopy were excluded from this study. The key fi nding in this study was that 45 % 
of patients meeting the Task Force defi nition of CRS had no objective evidence of disease by nasal endoscopy or sinus CT. 
Nasal endoscopy was negative in 68 % of patients (53 of 78 patients), but 20 of these patients had fi ndings on sinus CT scan. 
A total of 41 patients (53 %) had a negative sinus CT scan. Nasal endoscopy was a good predictor of chronic rhinosinusitis 
only if nasal polyps, purulence, or edematous congested mucosa was present. This study highlighted the limitations of the 
symptom-based 1997 Task Force defi nition. 

 In general, abnormal sinus CT fi ndings correlate better with nasal endoscopic fi ndings, but the correlation is far from 
100 % [ 16 ,  73 ]. Both the RI (2004) and EPOS (2005) documents put forth criteria for “clinical” and “research” defi nitions 
differing mainly in terms of less stringent requirements for objective documentation needed for the clinical diagnosis. Both 
groups emphasized the importance of objective documentation of disease to confi rm the diagnosis of CRS.  

    Correlation of Radiographic Findings with CRS Defi nition 

 Bhattacharyya et al. compared patient symptoms with sinus CT scanning in 586 patients referred for sinus-related symptoms 
(58 % chronic and 34 % acute) and sinus CT scanning [ 65 ]. In this study, the Sino-Nasal Outcome Test (SNOT-20) was used 
to collect symptom information. No correlation was found between the SNOT-20 or the individual score on facial pain or 
pressure and a positive CT scan. Isolated symptoms of facial pain/pressure or headache correlated even less well with CT 
evidence of sinus disease. In a follow-up study, this group found no correlation between CT scan fi ndings, and symptom 
severity could be identifi ed using established CT staging systems and patient-based symptom instruments [ 74 ]. 

 Other studies have    reported a high frequency of incidental abnormalities on sinus MRI in patients imaged for suspected 
intracranial neurological pathology [ 75 ]. In this study, 31.7 % of patients had pathologic fi ndings on MRI defi ned as ≥5 mm, 
total sinus opacifi cation, or fl uid or polyps. “Blocked nose” was the only symptom occurring signifi cantly more often in 
patients with pathologic changes. 

 Bhattacharyya and Lee [ 76 ] used the Rhinosinusitis Symptom Inventory (RSI) to collect symptom, nasal endoscopic, and 
imaging data on a group of 202 patients meeting the symptom defi nition of CRS based on the revised practice guidelines of 
2007 [ 77 ]. All patients were required to have at least two of the four cardinal CRS symptoms to be included in the study. 
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Patients were excluded from the study if they had a history of previous sinus surgery, cystic fi brosis, autoimmune or immu-
nocompromised disorders, or recurrent acute rhinosinusitis. The results of this study were remarkably similar to those of 
Stankiewicz and Chow [ 72 ] as summarized in Table  10.5 . The prevalence of CRS based on CT alone was only 39.6 %. For 
symptom criteria alone, the sensitivity, specifi city, positive predictive value, and negative predictive value for CRS were 88.7, 
12.3, 39.9, and 62.5 %, respectively. However, the authors found that the addition of endoscopic fi ndings to symptom criteria 
signifi cantly improved the specifi city, predictive value, and negative predictive value to 84.1, 66.0, and 70.3 %.

   As mentioned above, the study by Sankiewicz and Chow reported that 53 % of patients meeting the RSTF defi nition of 
CRS had a negative sinus CT scan [ 72 ]. However, this study excluded patients with obvious nasal polyps, fungus, or puru-
lence on anterior rhinoscopy and therefore underestimated the utility of the defi nition. 

 Hwang et al. examined 115 patients with no prior sinus surgery who met the symptom components of the RSTF defi nition 
and examined the correlation between symptoms and sinus CT scans [ 79 ]. Because patients were not examined, the RSTF 
criterion “purulence on nasal examination” could not be considered in the analysis, but unlike the Stankiewicz and Chow 
study, no patients were excluded on the basis of nasal polyps, fungus, or purulence on anterior rhinoscopy. They found that 
40 of 115 patients had a negative CT scan. Furthermore, sinus CT abnormalities were found in patients not meeting the RSTF 
defi nition. They concluded that the RSTF defi nition had a high sensitivity for detecting a positive scan (89 %) but very poor 
specifi city (2 %). 

 In the WUSM Outcomes Study, 94 patients meeting the CRS defi nition underwent sinus CT imaging at or near the time 
of enrollment. This study may have been the most “real world” of the studies mentioned, as it collected symptom data, nasal 
endoscopy, and sinus CT imaging and did not exclude patients based on nasal polyps, fungus, purulence on anterior rhinos-
copy, and patients with or without prior sinus surgery [ 59 ,  60 ]. In this study, roughly 8 % of patients had a negative sinus CT. 
The authors retained these patients in the data analysis. This is consistent with actual clinical practice in which a small per-
centage of CRS patients have a consistently negative sinus CT scan. 

 In summary, multiple studies have shown a poor correlation between patient’s symptoms of CRS and radiographic fi nd-
ings and indicate that a symptom-based defi nition is unreliable for the diagnosis of CRS. Some patients who meet a symptom- 
based defi nition of CRS will have a negative CT scan or nasal endoscopy, and some patients will be asymptomatic despite 
objective evidence of sinus disease on CT scan or nasal endoscopy. Nasal endoscopy provides important information in cases 
where the clinical suspicion of rhinosinusitis pathology is high despite the lack of symptoms or CT fi ndings.  

    Validation of the Differences Between CRSsNP and CRSwNP 

 From a clinical perspective, three studies have examined the differences between CRSsNP and CRSwNP. 
 Baraniuk and Maibach [ 58 ] conducted a retrospective review of 99 adult patients meeting the 2004 defi nition of CRS for 

clinical and immunologic differences between CRSsNP and CRSwNP. In their population, 49 patients were classifi ed as 
CRSsNP, and 50 were classifi ed as CRSwNP. Aspirin exacerbated respiratory disease was limited to polyp subjects. An IgE 
<10 IU/ml was found more commonly in CRSwNP. Immunoglobulin isotype defi ciencies were more prevalent in CRSsNP 
than CRSwNP. 

 Banerji et al. analyzed data from the WUSM Chronic Rhinosinusitis Outcomes Study [ 59 ]. In this study, facial pain/pres-
sure/headache was found to be more prevalent in CRSsNP than CRSwNP, whereas nasal obstruction and hyposmia/anosmia 
were more prevalent in CRSwNP. Using multivariate analysis, prior surgery, higher sinus CT scan Lund-Mackay scores, and 
male gender were independent predictors of CRSwNP, whereas allergic status was unrelated to CRS classifi cation. 

 The author performed a chart review of 100 consecutive patients with CRS seen at Massachusetts General Hospital in 
Boston, MA [ 35 ]. Whereas the WUSM Study excluded patients with known humoral or cellular immune defi ciency, cystic 

   Table 10.5    Distribution of patients 
meeting CRS  symptom-based 
defi nition who had either positive 
nasal endoscopy or sinus CT 
imaging or both in studies by 
Stankiewicz and Chow [ 78 ] 
and Bhattacharyya and Lee [ 76 ]   

 No. of patients  % Of patients  Positive nasal endoscopy  Positive sinus CT imaging 

 Stankiewicz and Chow [ 78 ] 
 35  44.9  −  − 
 6  7.6  −  + 
 20  25.6  +  − 
 17  20.8  +  + 
 Bhattacharyya and Lee [ 76 ] 
 90  50.6  −  − 
 17  9.6  −  + 
 38  21.3  +  − 
 33  18.5  +  + 
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fi brosis, and immotile cilia syndrome or those who had undergone a Caldwell-Luc procedure, in the latter study, all patients 
with CRS were included to give a better appreciation of the frequency of conditions such as hypogammaglobulinemia, gram- 
negative infection, cystic fi brosis, and oral-antral fi stula in a CRS referral population. Patients were classifi ed according to 
the CRS classifi cation system described above, and the results are summarized in Table  10.6 .

   In comparing CRSsNP and CRSwNP, several signifi cant differences were noted. As in the WUSM Study, male gender, 
previous sinus surgery, and hyposmia/anosmia were more common in CRSwNP (although male gender failed to reach sta-
tistical signifi cance). Ongoing asthma, aspirin sensitivity, and suspected allergic AFRS were also statistically more prevalent 
in CRSwNP. As in the WUSM Study, facial pain and headache were more prevalent in CRSsNP. 

   Table 10.6    Demographic, clinical, allergic, immunologic, and microbial differences between CRS without NP (CRSsNP) and CRS with NP 
(CRSwNP) based on a series of 100 consecutive patients seen at MGH   

 Characteristic  CRSsNP  CRSwNP 

  P  value for comparison 
of CRSsNP versus 
CRSwNP a  

 Demographics b   Percent of cases (number)  55  45 
 Sex (% female)  54.5 %  35.6  0.09 
 Age  49.8  47.9  0.42 

 Clinical history  Duration of CRS symptoms  9.0  7.1  0.14 
 Antecedent history of SAR  15/55  15/45  0.66 
 Ongoing symptoms of SAR  13/55  13/45  0.71 
 Previous surgery  52.7 %  77.8 %  0.017 
 Avg. # surgeries/patient  .89 ± .15  1.27 ± .16  .09 
 Ongoing asthma  21.8 %  51.1 %  .004 
 Aspirin sensitivity  1.8 %  17.8 %  .015 
 GERD  14.5 %  13.3 %  .91 

 % Of cases with each symptom  Nasal congestion  72.7 %  80 %  .54 
 Anterior or posterior nasal drainage  85.4 %  73.3 %  .21 
 Facial pain  50.9 %  9.8 %  <.0001 
 Facial pressure  36.4 %  20.0 %  .12 
 Headache  29.1 %  11.1 %  .051 
 Localized headache  10.9 %  2.2 %  .19 
 Chronic cough  18.2 %  20.0 %  .98 
 Anosmia  29.1 %  82.2 %  <.0001 
 Ageusia  5.4 %  24.4 %  .015 

 % With medication usage of each type c   Antibiotic use >4 x per year  52.7 %  24.4 %  .008 
 Use of oral steroids > every 4 months  12.7 %  40.0 %  .004 

 Pattern of illness  Chronic recurrent infection d   11 (20 %)  0  .0017 e  
 Unusual bacterial infection  Gram-negative infection  9.1 %  4.4 %  0.62 e  

 Staph. aureus or MRSA  0  4.4 %  0.40 e  
 % Of cases with positive allergy skin tests  Pollen allergy  32.7 %  33.3 %  .88 

 Dust mite allergy  21.8 %  46.7 %  .016 
 Mold allergy  21.8 %  40.0 %  .079 

 Immune defi ciency f   IgA or IgM defi ciency  5.4 %  0 %  .32 
 IgG or IgG subclass defi ciency  10.9 %  2.2 %  0.19 e  
 Any hypogamm  12.7 %  2.2 %  .12 e  

 Fungal disease  Suspected allergic fungal rhinosinusitis
(AFRS) 

 1.8 %  24.4 %  .001 e  

  Reprinted from Hamilos [ 35 ]. With permission from Taylor and Francis Group LLC Books 
  a Continuous variables were compared by Student  t -test. Dichotomous variables were compared using chi-square analysis unless otherwise 
indicated 
  b The ethnic breakdown of these patients was as follows: Caucasian 91 %, Hispanic/Latino/South American 4 %, Asian 2 %, African-American 
1 %, Moroccan 1 %, and Iranian 1 % 
  c Based on information obtained from patients at their initial visit to the clinic 
  d Defi ned as having ≥4 episodes/year of acute rhinosinusitis exacerbations that respond to antibiotic treatment spaced between periods of wellness 
  e By Fisher exact test 
  f Cystic fi brosis and ciliary dyskinesia syndrome were not represented in this CRS population. Two patients in the CRS without NP group experi-
enced local complications, including one with an oral-antral fi stula and one with osteomyelitis of the maxillary sinus. None of the patients had an 
underlying vasculitis illness (Wegener’s, Churg-Strauss syndrome)  
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 In terms of medications, antibiotic use >4 x    per year was more common in CRSsNP, whereas oral steroid use greater than 
every 4 months was more frequent in CRSwNP [ 35 ]. A pattern of chronic recurrent infection was found in 20 % of the 
CRSsNP patients but was not found at all in CRSwNP patients. Hypogammaglobulinemia was also more prevalent in 
CRSsNP, although this did not reach statistical signifi cance. These features suggest that defects in either systemic or local 
immune function are more clinically relevant in CRSsNP than CRSwNP. In contrast, the prevalence of infection with either 
a gram- negative bacteria or  Staphylococcus aureus  was not statistically different in these subgroups. The prevalence of pollen 
allergy was also no different between subgroups, but allergy to house dust mite was more prevalent in patients with CRSwNP. 

 From a histopathologic perspective, studies comparing CRSsNP and CRSwNP have determined that glandular hyperpla-
sia and submucosal fi brosis are characteristic features of CRSsNP, whereas edematous tissue with sparse glands and little 
fi brosis is characteristic of CRSwNP [ 39 ]. CRSsNP is also characterized by a Th1 cytokine profi le and overexpression of 
TGF-β, whereas CRSwNP are characterized by a Th2 cytokine profi le and underexpression of TGF-β [ 39 ,  80 ]. 

    Impact of CRS Phenotype on Response to Surgical or Medical Treatment 

 Previous reports had also suggested that patients with CRSsNP and CRSwNP respond differently to surgical or medical 
management. Specifi cally, Senior et al. found that patients with “advanced mucosal disease” were more likely to show per-
sistence of mucosal disease following functional endoscopic sinus surgery, and these same patients were more likely to 
undergo revision surgery [ 81 ]. Stankiewicz and Deal et al. similarly showed that the presence of nasal polyps or polypoid 
rhinosinusitis had a negative impact on CRS surgical outcomes [ 82 ,  83 ]. In the latter study of 201 patients, CRSwNP patients 
had more severe symptoms, higher SNOT-20 scores prior to surgery, less improvement with sinus surgery and higher rate of 
repeat sinus surgery. Similarly, our group found that symptomatic relapses of CRS following intensive medical treatment 
occurred sooner in patients with current or past nasal polyps [ 84 ]. In that study, patients were assessed for relapses after 
receiving a combination of oral antibiotics and oral corticosteroids designed to eradicate infection and control mucosal 
infl ammation. Thus, there are important differences in the natural history of patients classifi ed as CRSsNP and CRSwNP 
with the latter representing the more severe and refractory subtype.   

    Application of CRS Classifi cation to Clinical Drug Trials 

 Unfortunately, despite efforts from the RI and EPOS groups to promote application of CRS subtypes to clinical drug trials 
[ 85 ], the term “rhinosinusitis” and the subclassifi cation of CRS into CRSsNP, CRSwNP, and AFRS have not been adopted 
by the US FDA nor widely adopted for clinical trial design in the USA. For example, in a registration trial of amphotericin 
B, defi ned chronic sinusitis did not distinguish patients with CRSsNP versus those with CRSwNP, did not select out patients 
with AFRS, did not require the presence of a positive fungal stain or culture at entry into the trial, and required “headache” 
to be a primary outcome variable with complete resolution of headache required to meet the defi nition of resolution 
(ClinicalTrials.gov Identifi er: NCT00425620).  

    Application of CRS Classifi cation to Clinical Practice 

 The application of CRS classifi cation to clinical practice is beyond the scope of this chapter but has been extensively dis-
cussed in the EPOS reports [ 19 ,  86 ,  87 ] and also addressed in a recent review [ 41 ].  

    Potential Future Refi nements to CRS Classifi cation 

 Certain key features of CRS are not well represented in the classifi cation scheme proposed by the RI in 2004 (Fig.  10.2 ). For 
instance, the roles of microbial colonization, innate immunity, and allergic (“eosinophilic”) infl ammation are not clearly 
described in the context of CRS subtypes. Signifi cant refi nements have occurred and should continue to evolve in our under-
standing of the role of local innate immunity and host-microbial interactions in disease pathogenesis [ 88 ] and mechanisms 
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leading to persistent local adaptive Th2 “allergic” infl ammation [ 89 ]. For example, biofi lm formation on sinonasal mucosal 
surfaces was fi rst described in 2004 [ 90 ] and has now been corroborated in several studies [ 91 ,  92 ]. The presence of bacterial 
biofi lm is associated with more severe preoperative disease (by radiologic and nasal endoscopic scoring) and worse symptoms, 
endoscopic scores, and persistent mucosal infl ammation following endoscopic sinus surgery [ 93 ,  94 ] (Figs.  10.6  and  10.7 ).

    Investigations into host-microbial interactions, innate immunity, and local adaptive Th2 responses are likely to converge 
in some areas (e.g., uncovering defects in local innate immunity predisposing to bacterial biofi lm formation) but diverge in 
others forcing us to reconsider current paradigms, such as the distinction between CRSsNP and CRSwNP. For example, a 
subgroup of “polypoid” CRS patients has been described [ 59 ], and this subgroup is associated with persistent bacterial infec-
tion unlike the low-level bacterial colonization with  Staphylococcus aureus  that typifi es CRSwNP (Hamilos, unpublished). 
It is possible that “polypoid” CRS is more likely to result from a defect in local innate immunity, whereas CRSwNP may be 
more likely to result from an underlying allergic infl ammatory disorder amplifi ed by low-level colonization with superantigen- 
producing  Staphylococcus aureus . In support of this, a recently described mouse model of nasal polyp formation is particu-
larly exciting, since it is dependent on local allergic infl ammation being amplifi ed by exposure of the mucosal surface to 
staphylococcal enterotoxin B [ 47 ]. Other factors, such as local hypoxia and elaboration of hypoxia-inducing factor-1 alpha 
(HIF-1α), may also be critical to stimulation of “epithelial-mesenchymal transition” leading to polyp formation [ 95 ]. 
Treatment “recalcitrant” nasal polyposis (CRSwNP) has also been described, and defects in local innate immunity (both 
congenital and acquired) have been described that may account for this phenotype [ 96 ,  97 ]. 

 Considering the multiplicity of factors that can contribute to the development of CRS, there may be no single paradigm 
that can adequately embrace all factors and account for overlap between clinical subtypes. Surely, certain clear-cut cases 
exist. For example, “pure polyp” CRSwNP patients are seen with advanced bilateral polyp disease and no evidence of bacte-
rial infection or fungal colonization. However, other subtypes, such as the “polypoid” subtype, appear to overlap the features 
of CRSsNP and CRSwNP with repeated sinus infections, microbial colonization, possibly defects in innate immunity, and 
adaptive Th2 responses all occurring concurrently. Considering the multiplicity of factors that can impact on local mucosal 
structure and function, perhaps it is best not to be hampered too much by efforts to subclassify CRS until we learn more about 
its underlying causes.     
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  Fig. 10.6    Revised clinicopathologic classifi cation of CRS based on contributive factors (innate/microbial/mucociliary/adaptive) in disease patho-
genesis or expression (Note: The contributive factors are not to be considered mutually exclusive)       
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    Chapter 11   
 Sinusitis, Rhinitis, Asthma, and the Single Airway Hypothesis 

             Christopher     C.     Chang     

           Introduction 

 Diseases of the sinuses are frequently a result of a dysregulation of immunologic function that may range from infection to 
allergic or autoimmune diseases. Sinus disease may be a part of multisystem or systemic conditions that frequently also 
involve the nasal passages, eyes, upper and lower airways, and even the gastrointestinal tract. It has been    proposed that parts 
of the human airway from top to bottom, including the nasal passages, sinuses, pharynx, bronchi, and bronchioles, are all of 
the same histomorphological makeup. The corollary of this theory is that a common airway will be uniformly susceptible to 
any insults or disease processes. Diseases of the lower and upper respiratory tract, therefore, are all intricately linked. The 
truth is, as always, not that simple. The reason for the interrelationships between these diseases may not be simply based on 
a single airway theory, but on systemic changes in immunologic paradigms of the individual during his or her lifetime. For 
example, immunologic and autoimmune conditions that affect both the sinuses and the lower airway are well known, as in 
the case of aspirin-exacerbated respiratory disease and granulomatosis with polyangiitis (GPA, formerly Wegener’s granulo-
matosis). The immunologic basis that leads to the susceptibility of both sinuses and lower airways in these diseases is a 
subject of ongoing research. 

 Epidemiological evidence for a connection between the upper and lower airways is abundant. For example, treatment of 
diseases of the upper airway often leads to clinical improvement in lower airway symptoms. The impact of upper airway 
infl ammation on lower airway diseases such as asthma has been clearly demonstrated, but the mechanisms of this interaction 
are not entirely clear. It may not be simply explained by a similar epithelial lining of the two structures [ 1 ].  

    Allergic Rhinitis, Sinusitis, and Asthma 

    Historical Evidence for a Relationship Between Allergic Rhinitis, Sinusitis, and Asthma 

 The idea that there are common features in upper and lower infl ammatory airway disease was described in some of the earli-
est recorded histories of medicine. Conditions consistent with asthma had been described in Egyptian recorded medical 
history over 2,400 years ago. The term “asthma” fi rst appeared in the Greek epic work “The Iliad” by Homer. In the twelfth 
century, Maimonides, in his “Treatise of Asthma,” actually described a patient whose asthma symptoms frequently started as 
a common cold. 

 In 1819, J Bostock describes his own affl iction in his paper, “A Periodical Affection of the Eyes and Chest,” in which he 
describes a condition that includes “the sneezings” and “a farther sensation of tightness in the chest, and a diffi culty of 
breathing, with a general irritation of the fauces and trachea,” thus linking lower and upper airways. 
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 In 1873, Charles Blackley, one of the fathers of allergology, described nasal and bronchial symptoms after exposure to 
pollen grains [ 2 ]. In 1883, it was proposed, but not proven, that aspiration of nasal secretions could lead to asthma exacerba-
tion. This theory has in fact never been proven, and modern studies have revealed that radiolabeled allergen introduced into 
the nose found its way not to the lower respiratory system, but to the digestive system [ 3 ,  4 ]. This does not, on the other hand, 
discount the possibility of upper airway pathology infl uencing lower airway symptoms. Even in the absence of direct contact 
or direct transmission of the inciting agent, other mechanisms may be in play. 

 In 1886, F.H. Bosworth published an article entitled, “Hay Fever, Asthma, and Allied Affections,” in which he describes 
the function of the nose in keeping tissues moist and mucous hydrated. He also addresses both “hay fever” and “hay asthma,” 
thereby also forging a link between upper and lower airways.  

    Epidemiological Evidence of a One Airway Disease 

 Evidence of a relationship between the upper and lower airways can be deemed from examination of epidemiological studies 
of three conditions, rhinitis, sinusitis, and asthma. It should be noted that these comparisons do not necessarily refl ect a role 
for atopy by itself, although many studies have specifi cally addressed the association of “allergic” rhinitis and asthma or 
sinusitis. In fact, it will be seen that these relationships may also exist when atopy is not involved, as in the case of nonallergic 
asthma, chronic obstructive pulmonary disease, or chronic rhinitis, to name a few conditions in which atopy may be irrele-
vant. Thus, the unifi ed airway concept extends beyond the borders of allergy [ 5 ]. 

    Rhinitis and Asthma 

 It has long been known that patients with allergic rhinitis have a higher incidence of asthma, and vice versa [ 6 ]. The rates 
vary from region to region, but a comprehensive review of the literature presented by Cruz et al. in their ARIA report 
describes coexistence of these two conditions in almost all regions of the world [ 7 ]. One of the exceptions was in certain 
areas in China, where only 6.2 % of asthmatic patients described concurrent nasal rhinitis symptoms. The rates of asthma in 
rhinitis patients and vice versa are presented in Table  11.1 . Much of the available data on the impact of allergic rhinitis on 
asthma is derived from the International Study of Asthma and Allergies in Childhood (ISAAC). Perennial rhinitis is consid-
ered to be a risk factor for nonatopic asthma [ 20 ,  21 ]. In the European Community Respiratory Health Survey, evaluation of 
20–44-year-old subjects revealed that asthma is more common in patients with both atopic and nonatopic individuals. 
Moreover, even in nonasthmatic patients, those with symptoms of rhinitis were more likely to have concurrent bronchial 
hyperresponsiveness. In a study in Rochester, Minnesota, health-care costs for patients with concurrent asthma and allergic 
rhinitis were found to be higher than for patients with asthma alone [ 22 ].

   Further supporting the common airway principle is the fact that there are nonallergic respiratory diseases that demonstrate 
an association between the lower and upper airways. Disease processes such as bronchiectasis, cystic fi brosis, primary cilia 
dyskinesia, α1-antitrypsin defi ciency, smoking, and Young’s syndrome all have concurrent upper and lower airway symp-
toms [ 23 ]. 

 In general, the increase in the rates of asthma in the past 30 years has been accompanied by an increase in the incidence 
of allergic rhinitis [ 24 – 26 ]. In “modern” Asian countries such as Japan, the prevalence of allergic rhinitis increased from 
3.8 % in 1984 to 32 % as reported in an AIRA update in 2008. The prevalence of asthma similarly increased from 4.6 % in 
1992 to 9.1 % in 2008 [ 25 ]. In “poorer” countries, the rates are still much lower, an example being Tibet, in which the rates 
of allergic rhinitis, current wheezing, and asthma were 5.2, 0.8, and 1.1 %, respectively [ 27 ]. In developing countries within 
Asia, the rates have already started to rise, mimicking the trend that has already occurred in developed countries. Between 
1995 and 2008, the prevalence of asthma in Thailand increased from 12.2 to 14.5 %, while the prevalence of allergic rhinitis 
increased from 37.9 to 50.6 % [ 28 ]. 

 A study of 22 grass allergic patients and 10 controls investigated the existence of bronchial hyperresponsiveness (BHR) 
and airway infl ammation in those with allergic rhinitis. In this study, the authors used bronchoprovocation with histamine 
and measurements of exhaled nitric oxide and exhaled breath concentrate levels of NO and pH to evaluate the presence of 
airway infl ammation. In allergic patients with BHR, they found that BHR and FeNO levels increased during the pollen sea-
son [ 29 ]. Further evidence of the link between rhinitis and asthma is presented in a study on 20 grass allergic patients, in 
whom a number of functional and infl ammatory parameters including nasal airfl ow, FEV1, eosinophils, IL4, and interferon-γ 
levels were measured. A Th2 cytokine profi le correlated with airway fl ow and was present in both the upper and lower air-
ways [ 30 ]. Studies such as these establish a link that supports the unifi ed airway concept. 
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 It is important to appreciate that rhinitis, itself, is a risk factor for asthma, whether or not the rhinitis is allergic in nature. 
In other words, the commonality between the upper and lower airway responsiveness cannot simply be attributed to a state 
of “atopy” [ 31 ]. This is an important consideration in our discussion on the pathogenesis of the one airway, one disease 
concept below.  

    Rhinosinusitis and Asthma 

 The association between rhinosinusitis and asthma has been studied, and results have been varied. In one series of 590 patients, 
the prevalence of asthma in allergic rhinitis, chronic sinusitis, and nonallergic rhinitis patients was 33, 42, and 8.7 %, respec-
tively [ 32 ]. Other sources estimate that between 60 and 90 % of patients with chronic rhinosinusitis may have evidence of 
asthma [ 33 ,  34 ]. The converse is also true, as up to 80 % of asthma patients may have evidence of chronic rhinosinusitis [ 34 ]. 
Morphological abnormalities of the sinuses have also been reported to occur more frequently in asthmatics [ 35 ]. 

 A Swedish study investigated the relationship between symptoms of asthma and chronic rhinosinusitis. The group utilized 
data extracted from the West Sweden Asthma Study and found that 2.1 % of the general population had “multi-symptom” 
asthma. They determined that symptoms of chronic rhinosinusitis were associated with a higher risk of having multi- 
symptom asthma rather than fewer-symptom asthma. Moreover, they found that the incidence of allergic rhinitis was no 
different between the multi- and fewer-symptom asthma groups but that rhinorrhea and nasal congestion were higher in the 
multisystem group [ 36 ]. 

 A study of 35 subjects with severe steroid-dependent asthma and 34 subjects with mild-to-moderate asthma revealed that 
74 % of the former group and 70 % of the latter group also had symptoms of sinonasal disease. It was also noted that 100 % 
of the severe asthmatics and 88 % of mild-to-moderate asthmatics had abnormal CT scans. The CT scan and clinical scores 
appeared to be more severe in the severe asthma group [ 37 ]. This fi nding was further confi rmed by Brinke et al., who discov-
ered that the frequency of abnormal CT scans in severe asthma patients was 84 %. They also noted that there was a correla-
tion between sinusitis in severe asthma patients and sputum eosinophilia, providing an additional link between the upper and 
lower airways [ 38 ]. A correlation has also been described between markers of airway infl ammation such as exhaled nitric 
oxide (eNO) and sinus CT scores and between eNO levels and nasal polyps [ 39 ].  

    Rhinosinusitis and Rhinitis 

 It has been estimated that allergic rhinitis may play a role in up to 30 % of cases of acute sinusitis and may be signifi cantly 
greater in cases of chronic sinusitis [ 40 ]. Twenty-six percent of patients with rhinosinusitis have been found to have concomi-
tant allergic rhinitis [ 41 ]. Another study of 40 allergic rhinitis patients and 30 controls showed that 67.5 % of perennial 
allergic rhinitis patients had evidence of sinusitis on CT scan, whereas these fi ndings were present in only 33.4 % of controls 
[ 42 ]. It has also been found that most patients with chronic rhinosinusitis are more likely to be sensitized to perennial aller-
gens over seasonal allergens. On the other hand, in examining the relationship between in vitro IgE sensitization to allergens 
(atopy) and the degree of severity of rhinosinusitis, there appeared to be no signifi cant correlation [ 43 ].  

    Rhinosinusitis and Upper and Lower Airway Infection 

 Chronic rhinosinusitis describes a persistent infl ammatory state in the sinuses that may or may not be a result of an infectious 
process. Both bacteria and viruses can infect the sinuses, and common bacteria found in sinusitis among immunocompetent 
hosts include  Haemophilus infl uenzae, Moraxella catarrhalis, Streptococcus pneumoniae , and  Staphylococcus aureus . 
Viruses frequently involve the sinuses in common upper respiratory tract infections and may play a pivotal role in the overlap 
between sinusitis and asthma. Although previous studies have failed to detect the presence of viruses in biopsy samples from 
the sinus mucosa in patients with chronic rhinosinusitis, the possibility still remains that a viral infection may have provided 
an initial infl ammatory stimulus [ 44 ].    

    Pathogenic Pathways That Link the Upper and Lower Airways 

 The pathogenic links between upper and lower airways have been attributed to various systems, including the nervous, cardiac, 
and pulmonary systems. The physical proximity and contiguous nature of the upper and lower airways can lead to common 
disease mechanisms. Similarities in the histomorphology of the two parts of the airway may also contribute to the comorbidity 
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between sinus disease, upper airway allergies and infections, and lower airway disease such as asthma and bronchiolitis. In 
addition, immune mechanisms, both local and systemic, may play a role in the unifi ed airway hypothesis (Fig.  11.1 ).

      Functions of the Nose 

 The nose possesses several normal functions that may explain a relationship between nasal disease and lower airway disease 
(Table  11.2 ) [ 45 ]. Cilia in the nose are important in fi ltering out foreign particulate material, including allergens and adju-
vants that may potentiate allergenic effects. Moreover, air that passes through the nose and around the nasal turbinates 
becomes “air-conditioned,” so as to reduce its ability to trigger a hypersensitivity reaction [ 45 ]. The nose also serves to 
humidify inhaled air. Slowing down the fl ow of air through the generation of turbinate air by nasal turbulence helps to keep 
the mucosa surfaces hydrated for subsequent breaths.

   Normal breathing draws air in through the nose. If the nose is not patent, then we become mouth breathers. When we 
become mouth breathers, all of the normal functions of the nose are not utilized fully. Cold, dry, unfi ltered air has the poten-
tial to lead to asthma symptoms [ 46 ,  47 ]. Rhinitis sicca, a form of dry nose syndrome or atrophic rhinitis, is an example 
whereby the normal air-conditioning function is compromised which could exacerbate or serve as a nidus for sinusitis and/
or asthma [ 48 ]. The nose also provides us with a sense of smell, which can serve as a protective mechanism to avoid areas of 
potentially harmful inhalants [ 49 ].  

    Anatomical and Histomorphological Comparison of the Upper and Lower Airways 

 The mucosal surfaces of the lower and upper airways demonstrate signifi cant similarities. Both the lower and upper airway 
mucosae consist of a pseudostratifi ed columnar ciliated epithelium which covers a reticular basement membrane. Ciliated 
cells predominate over goblet cells, and triangular basal cells also populate the tracheal and bronchial epithelium [ 50 ]. The 
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  Fig. 11.1    Histopathologic and 
immunologic parallels between 
the upper and lower airways: a 
schematic representation       
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basal cells are small cells which attach to the basement membrane [ 51 ,  52 ]. Under the basal cells lies the subepithelium or 
lamina propria. Blood vessels populated the submucosa, along with nerves, mucous glands, infl ammatory cell infi ltrates, and 
other vascular elements. The bronchioles of the lower airway also possess airway smooth muscle cells arranged in a helical 
pattern, while the nasal mucosa has more subepithelial capillaries and venous cavernous sinusoids. Clara cells are more 
unique to the lower airway and predominately exist in the membranous bronchioles. Clara cell-specifi c protein may have a 
role in the generation of local infl ammatory responses in the airway (Table  11.3 ) [ 53 ]. In the trachea, bronchi and bronchioles 
are cartilage that starts in the upper airway and gradually becomes less prominent toward the periphery of the lung. The 
18–20 C-shaped rings in the trachea become even less complete rings in the bronchi and disappear by a bronchiolar diameter 
of about 1 mm.

   When we review the gross anatomy of the upper and lower airways, specifi cally when comparing the nose and bronchi, 
the differences appear more signifi cant than the similarities. The upper airway passages within the nose are surrounded by a 
rigid framework consisting of bony parts, whereas the lower airway is an elastic, easily pliable tube within a relatively fl ex-
ible environment. This may explain the effectiveness of β-agonists in the treatment of lower airway conditions such as 
asthma. This part of the airway, with its smooth airway muscle outside layer, is pliable enough to respond to these broncho-
dilator drugs, whereas the upper airway is relatively unmovable [ 54 ].  

    Infl ammatory Changes in the Upper and Lower Airways 

 The medical evaluation of the upper and lower airways is generally initiated by rigid or fl exible nasal rhinolaryngoscopy of 
the nose and upper airway and/or bronchoscopy for the lower airway. In general, rhinolaryngoscopy is performed by otolar-
yngologists or allergists, while pulmonologists usually perform bronchoscopy. Infl ammation of the nose can be evaluated by 
obtaining nasal washings, biopsies, or smears for examination of the cellular infi ltrate. Samples obtained during bronchoscopy 
may include biopsies, bronchial brushings, bronchoalveolar lavage, and culture specimens. Expressed sputum can be gener-
ated under varying conditions including hypertonic saline. Tests performed on these samples may include cytology and histol-
ogy of mucosal surface to identify infl ammatory cells such as eosinophils, presence of proinfl ammatory Th1 and Th2 cytokine 
profi les, and secreted mediators of infl ammation such as eosinophilic cationic protein, leukotrienes, or prostaglandins. 

 Fiber-optic rhinolaryngoscopy is simple to perform and presents fewer limitations compared to bronchoscopy. Limitations 
of fi ber-optic rhinolaryngoscopy include the inability of the scope to penetrate into the sinuses unless there has been previous 
sinus surgery and the lack of biopsy sampling during most offi ce procedures. Rigid rhinoscopy however allows the user to 
biopsy a specifi c site and directly samples with localized suction any suspicious secretions from the sinus cavities. Limitations 
of bronchoscopy include the inability of the scope to penetrate into the distal or terminal bronchioles, thus the evaluation 
being limited to larger lower airways. 

  Table 11.2    Functions of the 
nose and upper airway  

 Warming  Prevents cold-air-induced bronchospasm 
 Filtering  Limits access of allergens and irritants to the lower airway 
 Humidifi cation  Prevents dry-air-induced bronchial hyperresponsiveness (especially in EIB) 
 Smell  Helps us avoid danger signals 
 Creating turbulence  Turbinates reduce laminar fl ow for facilitation of other functions listed 
 Expulsion  Sneezing helps to expel dangerous material from the airways 
 Moisture recovery  Recover water from exhaled air 

   EIB  exercise-induced bronchospasm  

   Table 11.3    Similarities and 
differences in the cellular and 
histological characteristics in 
the upper and lower airways  

  Similarities  
 Pseudostratifi ed columnar ciliated epithelium over a reticular basement membrane 
 Goblet cells 
 Triangular basal cells 
 Lamina propria 
  Differences  
 Lower airway has airway smooth muscle cells in a helical pattern 
 Upper airway has more subepithelial capillaries and venous cavernous sinusoids 
 Clara cells are more important in lower airway 
 Cartilage in upper airway becomes less prominent in the lung 

C.C. Chang



181

 An emerging measure of infl ammation among more and more medical practitioners is the measurement of fractional 
exhaled nitric oxide (FeNO). Like peripheral blood eosinophilia and IgE, FeNO measurements are indicative of a systemic 
eosinophilic infl ammatory response. At the present time, fractional exhaled nitric oxide has been utilized as a diagnostic and 
monitoring tool for lower airway disease such as asthma [ 55 ,  56 ]. Its role in upper airway disease and other eosinophilic 
disorders is not yet elucidated. 

 The infl ammatory changes that occur in the lower and upper airway as a result of the atopic state were investigated in a 
study of 19 subjects with allergic asthma and rhinitis, 18 subjects with allergic rhinitis but no asthma, 8 atopic subjects with 
neither allergic rhinitis nor allergic asthma, and 16 nonatopic controls [ 57 ]. The authors found that the number of eosinophils 
was elevated in patients with rhinitis, whether or not they had asthma, when compared with the atopic non-symptomatic 
group and the control group. Thickening of the reticular basement membrane in both the upper and lower airways was also 
detected in the former two groups in a manner similar to the eosinophilia fi ndings. In all groups of atopic individuals, there 
was signifi cantly increased epithelial desquamation. Airway remodeling, defi ned as a change in structure of the mucosa and 
submucosa of the airway, specifi cally epithelial fragility, thickening of the reticular basement membrane, airway smooth 
muscle mass increase, and fi brosis [ 58 ], was detectable in the lower airway but not in the nasal mucosa. The reverse is also 
true whereby evidence of infl ammatory markers in upper airways has been detected in patients with lower airway disease, 
including nonallergic asthma and chronic obstructive pulmonary disease (COPD) [ 5 ]. Nitric oxide, a marker of infl amma-
tion, has been attributed to both lower airway infl ammation and nasal polyposis. A study of surgical tissue from 15 patients 
with nasal polyps demonstrated an increase in all three isoforms of nitric oxide synthetase in leukocytes from nasal polyp 
tissue which contrasts from normal middle turbinate tissue [ 59 ]. 

 The parallels between the upper and lower airway patency were also studied in 221 children aged 6 years in the Copenhagen 
Prospective Study on Asthma in Childhood. An association was found between decongested nasal airway patency and post- 
bronchodilator FEV1, after correction for confounding variables, including sex, FVC, body size, and atopic disease. The authors 
proposed that this association refl ected a common physiologic basis for comorbidities of the lower and upper airways [ 60 ].  

    Systemic and Lower Airway Effects of Allergen Exposure in the Nose 

 One of the mechanisms proposed for the linkage of the upper and lower airways is the systemic effect generated by allergen 
exposure in the nasal passages. As described above, the nose functions as a regulator of bronchial homeostasis. Besides the 
physical effects on air characteristics the nose imparts, it also functions as a fi ltration device. Allergenic particles are one of 
the primary entities that are fi ltered by the nose. In doing so, the nose is subject to the infl ammatory effects triggered by the 
exposure to allergen in a hypersensitive host. 

 Although infl ammatory effects are fi rst localized to the nose, additional studies have also revealed evidence of systemic 
effects. A systemic effect has been shown to occur in mouse models following the induction of a nasal allergic response. The 
exposure of  Staphylococcus aureus  endotoxin B in the nose has been shown to lead to a systemic release of Th2 cytokines 
including IL-4, IL-5, and IL-13 in a mouse model. In addition, an increase in bronchial eosinophilia was also detected [ 61 ]. 
Immunologic unity has also been demonstrated in human studies. A correlation between IL-4, interferon-γ, eosinophilia in 
nasal cytology specimens, nasal airfl ow, and airway function (FEV1) was detected in a study of 20 patients with seasonal 
allergic rhinitis and asthma [ 30 ]. A nasal allergen provocation study showed that out of season nasal introduction of grass 
pollen leads to the infi ltration of eosinophils into the epithelium and lamina propria of both the nasal and bronchial mucosae 
24 h after nasal provocation. In addition, increased levels of ICAM-1 and an increase in the percentage of CD31 vascular 
endothelial expression of ICAM1, E-selectin, and VCAM1 were detected in the nasal and bronchial mucosae. The authors 
concluded that out of season nasal provocation in patients with grass allergy leads to infl ammatory infi ltrates and cytokine 
and chemokine expression in both the upper and lower airways [ 62 ]. 

 Clinical markers of lower airway infl ammation following dust mite nasal challenge have been described. In a study of 10 
nonallergic children, 16 children with rhinitis alone, and 15 children with rhinitis and asthma, ages 6–10 years, Marcucci 
et al. studied bronchial symptoms, nasal-specifi c IgE, nasal and sputum eosinophilic cationic protein (ECP) and tryptase, 
spirometry, and exhaled nitric oxide (eNO) [ 63 ]. The authors conducted the nasal challenge at the beginning of the study in 
July (considered a low exposure time) and at the end of the study (during the winter which was considered a high exposure 
season). The results showed that baseline nasal IgE levels were higher in the summertime compared to winter. Also elevated 
from baseline in allergic or asthmatic subjects compared to controls were sputum ECP and exhaled nitric oxide eNO levels. 
The response to nasal challenge in asthmatics was mixed, with 3/15 asthmatics experiencing an increase in ECP in summer 
but 11/15 experiencing the increase in the wintertime. A similar result was seen in the rhinitis patients. Again, a more fre-
quent response in eNO to nasal challenge was seen in the winter compared to the summer. The link between lower airway 
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and upper airway is perhaps best illustrated in this study from the observed increase in sputum ECP and eNO levels in asth-
matic children in winter upon nasal challenge with dust mite allergen. However, in rhinitis patients, only the increase in eNO 
was detected after challenge in winter. 

 An increase in sputum ECP has also been detected after nasal allergen challenge with grass or birch pollen in 16 nonasth-
matic seasonal allergic rhinitis patients between the ages of 22 and 33 [ 64 ]. 

 Other cytokines studied included IL-5, sICAM (soluble intracellular adhesion molecule), and IL-10. The authors noted 
that in peripheral blood or sputum, there was no change in eosinophils after placebo or allergen challenge, but the plasma 
levels of IL-5 did increase after challenge. The increase in IL-5 correlated with an increase in sputum ECP and sICAM after 
nasal allergen challenge. However, sputum IL-10 levels decreased after nasal allergen provocation compared to challenge 
with placebo.  

    Bronchoprovocation Effects in the Upper Airway 

 The united airway theory proposes that the effects between the lower and upper airways should be bidirectional. A study in 
eight nonasthmatic grass pollen allergic patients and eight healthy controls compared the effects of bronchoprovocation with 
grass pollen extract [ 65 ]. Nasal and bronchial biopsy was performed in all cases at three time points, baseline, 1 h after chal-
lenge, and at 24 h after challenge. At 24 h following segmental bronchial provocation (SBP), there was an increase in blood 
eosinophil levels only in allergic patients compared to controls, suggesting a systemic effect of bronchial allergen challenge 
in sensitized patients. Bronchial biopsy results revealed that BMK13+ cells, or eosinophils, increased in allergic rhinitis 
patients in the bronchial segments challenged by allergen or saline, suggesting a local effect. IL-5-positive cells were 
increased in locally challenged epithelium in allergic rhinitis patients as well. At 24 h post bronchial challenge, nasal biop-
sies revealed that the number of BMK13+ cells detected in the nasal lamina propria and the number of IL-5-positive cells in 
the nasal epithelium were both increased in allergic rhinitis patients. Eotaxin-positive cells were also increased in the nasal 
subepithelium as well as the nasal lamina propria in allergic patients. 

 Braunstahl studied the effects of bronchoprovocation (SBP) on mast cell and basophil numbers in the nasal and bronchial 
mucosa of allergic rhinitis patients [ 66 ]. In this study, the authors found an increase in basophils in the bronchial mucosa 
following SBP. In contrast, the numbers of chymase mast cells (MC C ) and chymase/tryptase (MC TC ) mast cells were decreased 
in the nasal mucosa of allergic patients, whereas the numbers of basophils actually increased. The authors also noted an 
increase in the levels of interleukin-5 in the blood of allergic patients after SBP. Together, these studies support the induction 
of an infl ammatory response in the upper airway in response to provocation with allergen in the lower airway.  

    The Role of Viral Respiratory Diseases in the Pathogenesis of Rhinitis, Sinusitis, and Asthma 

 It is well known that one of the main triggers of an asthma exacerbation, especially in children, is a viral respiratory infection. 
Studies have shown that viruses may be associated with up to 80 % of all asthma exacerbations in children and up to 50 % 
in adults [ 67 ]. It has also been demonstrated that objective measurements of asthma exacerbation, such as a decrease in 
forced expiratory volume in 1 s (FEV 1 ), result after infection with rhinovirus in an experimental setting [ 68 ]. Changes in 
other measures of airway hyperresponsiveness and infl ammatory cell infi ltration have also been described [ 69 ]. 

 The most common upper respiratory viral infection is caused by rhinovirus. Other viruses incriminated in upper respira-
tory tract infections include metapneumonia virus, enterovirus, adenovirus, respiratory syncytial virus (RSV), coronavirus, 
and picornavirus. Viral infectious diseases that affect the upper airway can lead to lower airway disease by virtue of the 
resultant interference with normal function of the nose. However, there may be other mechanisms by which upper respiratory 
infections can affect lower airway function. Whether or not these are direct effects of the virus reaching the lower airways, 
or systemic infl ammatory effects that impact the lower airway, is not clear. Various mechanisms have been proposed. 
Rhinovirus has, in fact, been isolated in bronchial specimens of individuals infected in the upper airway [ 70 ,  71 ]. Other 
mechanisms may be related to infl ammatory changes mediated by cytokines and chemokines triggered by viral interaction 
within cellular elements of the upper respiratory tract. 

 The immunologic mechanisms that link rhinovirus upper respiratory infections with lower respiratory symptoms may 
involve activation of the nuclear factor κB (NFκB) pathway, a critical mechanism for the activation of multiple proinfl amma-
tory genes [ 72 ]. It is known that rhinovirus binds to an intracellular adhesion molecule, leading to infection of airway 
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epithelial cells. Included among the many functions that are mediated by activation of NFκB is the upregulation of an adhe-
sion molecule known as intracellular adhesion molecule (ICAM)-1. Binding of rhinovirus to ICAM-1 allows rhinovirus to 
enter airway epithelial cells and leads to further activation of other proinfl ammatory mediators, which subsequently leads to 
recruitment of other proinfl ammatory cells such as neutrophils, monocytes, lymphocytes, and eosinophils. This positive 
feedback loop involving upregulation of the expression of ICAM-1 opens the door for further infection by rhinovirus. What 
results is the induction of an infl ammatory state that is enhanced by the expression of multiple proinfl ammatory cytokines, 
including IL-1, IL-6, IL-8, RANTES, and IL-16. Further recruitment of infl ammatory cells to the bronchial tree can ulti-
mately lead to lower airway infl ammatory symptoms, including cough, wheezing, and dyspnea [ 70 ]. 

 Since asthma subjects tend to have a cytokine profi le skewed toward a Th2 paradigm, a rhinovirus infection of the upper 
airway may result in lower production of interferon-γ. A reduction of interferon-γ may accentuate a lower airway involve-
ment in asthma. It has also been shown that granulocyte colony-stimulating factor (G-CSF) levels are increased both locally 
(in the nose) and systemically (in the circulation) of allergic subjects subjected to experimental rhinovirus-16 infection. 
Increased G-CSF levels lead to higher neutrophil counts and activity and may play a role in the increased infl ammatory state 
at sites distant from the upper airway. Other cells that may be stimulated and infi ltrate to the lower airway include eosino-
phils, lymphocytes, monocytes, and macrophages [ 73 ]. The effects of viral infections extend to selected nonasthmatic sub-
jects with respiratory disease as well [ 68 ]. In adults, more than 40 % of exacerbations of COPD can be linked to an upper 
respiratory infection [ 74 ].  

    Chronic Rhinosinusitis and Asthma 

 Chronic rhinosinusitis with and without nasal polyps is associated with an infl ammatory state that involves increased serum 
IL-5 and an increased eosinophilia within the bone marrow. Immunologically, this pattern is similar to that seen in asthma. 
There are also parallels between the cytokine profi les in the sinus tissue of patients with chronic rhinosinusitis and in the 
bronchial tissue of patients with asthma. Histological fi ndings in chronic rhinosinusitis include epithelial shedding and thick-
ening of the basement membrane, which are hallmarks of asthmatic bronchitis. Eosinophilic degranulation and release of 
mediators such as eosinophilic cationic protein have been demonstrated to occur in the nose and in the lower airway in 
patients with sinusitis and asthma. 

 Interleukin-17 is a cytokine with known effects in asthma. It is a proinfl ammatory cytokine released by Th17 cells, which 
is thought to be involved in neutrophilic infi ltration of the bronchial tissue in patients with asthma. Saitoh et al. demonstrated 
that IL-17 is increased in nasal polyps compared to normal sinus tissue and correlated this with an increase in eosinophils 
and CD4+ T lymphocytes. They were also able to correlate the extent of basement membrane thickening with IL-17 levels 
[ 75 ]. These observations suggest a common role of IL-17 in both the upper and lower airways.  

    Fungi as a Model for Unifying Lower Airway and Upper Airway Disease 

 An interesting observation of the ability of fungi to generate an infl ammatory airway disease, such as allergic bronchopul-
monary aspergillosis in the lungs and allergic fungal sinusitis in the sinuses, further supports the concept of a unifi ed upper 
and lower respiratory tract. Pakdaman et al. have reviewed the possible role of fungi as superantigens or as adjuncts that 
enhance the infl ammatory response, suggesting that the similarities in the histomorphology of the upper and lower airways 
present a common target for fungi. In their reviews, they discuss how fungi may be the initial infl ammatory insult that leads 
to chronic airway infl ammation [ 76 – 78 ].  

    Nasal Polyps and Asthma 

 A Japanese study investigated the cytokine profi le of 19 patients with chronic rhinosinusitis with nasal polyps compared to 
9 patients without nasal polyps and 14 normal controls [ 79 ]. They found elevated levels of eosinophil cationic protein (ECP), 
 Staphylococcal  enterotoxin-IgE (SAE-IgE), IgE, and IL-5 only in the group with rhinosinusitis with nasal polyps. The polyp 
group demonstrated a skewing toward a Th2 cytokine profi le with relatively lower TGF-β levels, while the group with 
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rhinosinusitis without nasal polyps demonstrated higher TGF-β levels suggesting a Th1 profi le. A very interesting compo-
nent of this small study was the fact that 31.6 % of the patients with rhinosinusitis with nasal polyps had asthma, while none 
in the group without polyps had asthma. 

 A paper comparing the histological and morphological differences between nasal polyps and asthma raised an interesting 
question concerning the unique infrequency of polyps in the lung compared to the upper airway mucosa and other organ 
systems with a mucosal surface such as the gastrointestinal and urinary tracts [ 80 ]. So what is it about lung mucosa that 
renders it less prone to the development of polyps? The authors suggest that this observation could be explained by compar-
ing differing mucosal characteristics of the nose and the lung. One factor that stands out is TGF-β which plays an important 
role in the remodeling process. Epithelial injury results from increased TGF-β, which is upregulated in asthmatics and down-
regulated in nasal polyposis. On the other hand, the presence of TGF-β in the lung prevents the development of polyps. In 
the nose, the nasal reticular basement membrane becomes less thickened which is a feature of nasal polyposis. Incidentally, 
TGF-β also plays a protective role in the development of benign polyps in the large intestine as well, in that a mutation of 
SMAD4 disrupts TGF-β signaling pathways in juvenile polyposis syndrome.  

    The Nasobronchial and Nasopharyngeal Refl ex 

 Nasobronchial and nasopharyngeal refl ex mechanisms have been mentioned in support of a unifi ed airway in health and 
disease. Bucca has reported that increased lower airway hyperresponsiveness occurs in patients with sinusitis. In some of 
these patients, the increased airway hyperresponsiveness also included extrathoracic airway hyperresponsiveness, as mea-
sured by MIF 50 . The authors suggested that the mechanism by which this occurs is through activation of a nasopharyngeal- 
bronchial refl ex. A study of 24 nonasthmatic patients with sinusitis investigated the relationship between pharyngeal mucosal 
changes and bronchial hyperresponsiveness. The authors used histamine PC 20  as a threshold for bronchial responsiveness and 
PC 25 MIF 50  as a threshold for extrathoracic airway hyperresponsiveness. In these patients, they found that the epithelial thin-
ning, representing pharyngeal mucosa damage, correlated with extrathoracic airway hyperresponsiveness. Bronchial hyper-
responsiveness was also associated with long-standing sinusitis, increased submucosal nerve density, increased eosinophils 
in the nasal lavage fl uid, and a lower PC 25 MIF 50 . The authors interpreted these results as an indication that pharyngeal dam-
age contributes to airway dysfunction through the stimulation of mucosal nerve endings to activate constrictive refl exes 
leading to increased extrathoracic airway hyperresponsiveness. They also postulated that it is pharyngeal damage and the 
failure of normal physiologic fi ltering functions that grant access of irritants and allergens to submucosal nerve endings [ 81 ].  

    Gravitational Factors and Postnasal Drainage 

 Whether or not nasal secretions can stimulate lower airway infl ammatory response by direct contact is a matter of great 
debate [ 82 ]. Intuitively, it seems to make sense that postnasal drip, facilitated by gravity, will end up in the lower airway. If 
the mucous contains allergic or infl ammatory mediators, then an infl ammatory response in the lower airways is expected. 
However, in two separate studies, nasal application of radioactive-labeled allergen only showed deposition in the digestive 
tract and not in the lower respiratory tract [ 3 ,  4 ]. In contrast, there have been studies to support the concept that a cough can 
be associated with postnasal drip [ 83 – 85 ], suggesting an alternative mechanism for the effect of upper airway secretions on 
lower airway infl ammation. It is possible that aspiration of stomach contents may be responsible for a cough in these patients 
or that the stimulation of pharyngolaryngeal receptors by infl ammatory mediators emanating may be the key mechanism for 
postnasal drip-related cough [ 86 ]. 

 A summary of the potential pathogenic mechanisms behind the link between the upper and lower airways is illustrated in Fig.  11.2 .

              Other Clinical Associations 

    Aspirin-Exacerbated Respiratory Disease 

 Aspirin-exacerbated respiratory disease (AERD), also known previously as Samter’s triad, describes a perennial condition 
comprised of three components, namely, aspirin sensitivity, asthma, and chronic rhinosinusitis with nasal polyposis. The 
rhinitis/nasal polyposis symptoms include rhinorrhea, nasal congestion, sneezing, and anosmia. Both asthma and the chronic 
rhinosinusitis in AERD are characterized by eosinophilic infi ltrates in the mucosa of the corresponding tissues. 
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 Aspirin-induced asthma is a surprisingly common phenomenon [ 87 ]. Data has suggested that the prevalence of aspirin- 
induced asthma is much higher in adults than in children (21 % vs. 5 %). Asthma is usually diagnosed 2–3 years after the 
onset of upper airway symptoms and is commonly diffi cult to treat. Nasal polyps are recurrent and frequently require mul-
tiple surgeries. The aspirin sensitivity usually occurs in these patients who were previously able to tolerate aspirin. Aspirin 
is a nonsteroidal anti-infl ammatory drug (NSAID), and its mode of action is through inhibition of cyclooxygenase 1. The 
result of this inhibition is an increase in the substrate arachidonic acid, leading to increased activity of the lipoxygenase 
pathway and the release of leukotrienes into the circulation and surrounding tissue. Leukotrienes are potent mediators of 
infl ammation. The details of aspirin-exacerbated respiratory disease are discussed in other chapters of this book. This discus-
sion will focus only on why this mechanism predisposes patients to disease of both the upper and lower airways, in the 
context of a unifi ed airway disease. 

 In the respiratory tract, mast cells and other secretory cells of the respiratory tract can release leukotrienes upon 
stimulation. LTC4 synthase is the key enzyme catalyzing the synthesis of leukotriene C4, which binds to the leukotriene 
receptor, CysLTR1, to trigger infl ammatory mediator release. It has been found that CysLTR1 is upregulated in patients 
with AERD, and CysLTR1-positive cells are reduced after intranasal desensitization with aspirin. The high cysteinyl 
leukotriene level is accompanied by a low production of prostaglandin E2 [ 88 ]. Cyclooxygenase-2 is downregulated in 
the nasal polyps of aspirin-sensitive patients. Eosinophils from nasal polyps in AERD patients show increased expres-
sion of LTC4 synthase [ 89 ]. 

 In the airway, excessive production of cysteinyl leukotrienes leads to induction of airway smooth muscle contraction, 
increased vascular permeability, and airway remodeling. Abnormalities in the arachidonic acid pathway are the mecha-
nism for induction of these effects, as occurs in nasal polyp tissue. Levels of prostaglandin E2 receptor expression are 
reduced in airway leukocytes in asthmatic patients with aspirin sensitivity [ 90 ]. Eosinophils from the bronchial biopsies 
in patients with asthma also demonstrated increased LTC4 synthase [ 91 ]. Together, these observations of common 
pathologic features in both the mucosa of nasal polyps and asthma support a common susceptibility in distant parts of 
the airway.  

    An Autoinfl ammatory Link Between Sinuses and Lung 

 Several autoimmune diseases involve the upper and lower airways, specifi cally the sinuses and the lungs. These include 
Wegener’s granulomatosis and Churg-Strauss syndrome. The types of autoimmune diseases that affect the lung are thought 
to be related to small-vessel vasculitides. Whether involvement of the lung and sinuses in these conditions is strictly a func-
tion of vascular pathology or other mechanisms that would impact both parts of the airway is not known.  

Allergic
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Prostaglandin E2

Mast cell infiltration
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 Fig. 11.2    Links between the upper and lower airways: 
mechanisms of the one airway, one disease hypothesis  
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    Sinuses and the GI Tract 

 Gastroesophageal refl ux has been shown to be a comorbid condition of asthma. As early as the 1,800 s, William Osler had 
identifi ed a link between the gastrointestinal and respiratory systems, noting that overeating can induce coughing paroxysms 
in asthmatics [ 92 ]. In general, the majority of asthmatic subjects will describe having symptoms of refl ux. Similarly, many 
patients with asthma will complain of respiratory symptoms related to refl ux. Even to this day, it is not yet clear if asthma 
causes refl ux or vice versa. A study on upper airway obstruction and gastroesophageal refl ux performed in dogs suggested 
that it is the upper airway obstruction that causes gastroesophageal refl ux by generation of a negative inspiratory pressure. 
Temporally, they showed that it was induction of the airway obstruction that led to gastroesophageal refl ux about 1 week 
after creation of the obstruction [ 93 ]. Why abnormal pressures on the esophagus in airway obstruction can predispose 
patients to refl ux can be explained by Bernoulli’s principle [ 94 ]. Bernoulli’s principle states that there is an inverse relation-
ship between the velocity of a fl uid through a tube and the pressure exerted perpendicularly by that fl uid. On the other hand, 
it has been suggested that gastroesophageal refl ux can trigger asthma through aspiration-induced infl ammation resulting in 
hyperresponsiveness of the airway. In support of this concept, a review of the literature suggests that treatment of symptom-
atic gastroesophageal refl ux improves asthma symptoms [ 95 ]. However, this has not been valid in the case of silent or asymp-
tomatic gastroesophageal refl ux. The effects of refl ux on asthma thus remain unclear. It is probable that putting these two 
events together produces a vicious cycle, where one disease exacerbates the other. Treatment of either disease will break the 
cycle and improve symptoms. 

 A critical review of the literature focused on analyzing three concepts as supporting evidence for a role of GER in 
sinusitis. Firstly, the authors noted that a higher prevalence of gastroesophageal refl ux exists in patients with hard-to-
treat sinusitis. Secondly, they reviewed the pathogenic mechanisms for GER and sinusitis and were able to formulate 
a plausible explanation for a relationship. Part of this evidence included the observation that gastric acid contents can 
be found in the middle ear of patients with otitis media with effusion [ 96 ]. Additionally, Wong et al. showed that a 
hyperactive refl ux can induce autonomic nervous system and lead to sinonasal edema, a compromise in normal drain-
age, and chronic rhinosinusitis [ 98 ]. This was previously described by Pinto et al. [ 97 ]. Thirdly, patients who had suc-
cessful treatment of gastroesophageal refl ux experienced a higher degree of resolution of sinus symptoms and global 
well-being [ 98 ,  99 ]. The authors present an algorithm that involves using acid-lowering drugs like proton pump inhibi-
tors in the treatment of sinusitis [ 100 ]. 

 The independent relationships between gastroesophageal refl ux and asthma and sinusitis suggest a common susceptibility 
throughout the entire respiratory tract to contents of the stomach. While the exact mechanism for these effects is unknown, 
the correlation seems to support a one airway, one disease model.  

    Upper Airway Disease and Laryngitis 

 An interesting extension of the one airway, one disease concept is related to the link between rhinitis and laryngitis. 
A study of 134 allergic rhinitis patients, 54 nonallergic rhinitis patients, and 62 normal controls demonstrated that 
those patients with either allergic or nonallergic rhinitis had a markedly signifi cant higher rate of dysphonia than 
patients without rhinitis (32.8, 26.9, and 8.1 %, respectively). The presence of asthma and the use of inhaled cortico-
steroids were confounding variables that were controlled for in the study. Curiously, however, the use of intranasal 
corticosteroids, while presumed to be either an exclusion criteria or a variable that would be controlled for, was not 
specifi cally mentioned in the paper [ 101 ]. Earlier reports have also noted that allergic rhinitis patients who may benefi t 
from immunotherapy were at least three times more likely to have dysphonia than normal controls [ 102 ]. Other inves-
tigators have also proposed a link between vocal cord problems and allergic rhinitis symptoms that may or may not be 
simply attributed to postnasal drainage [ 103 ,  104 ]. The relationship between sinusitis and voice abnormalities has also 
been proposed, and parameters necessary to evaluate vocal characteristics in sinusitis patients were established, 
although no differences in these parameters were detected in this pilot study of 10 chronic sinusitis and 9 control sub-
jects. The authors proposed that at least 126 patients would be needed to conduct a study that would demonstrate reli-
able and statistically valid results [ 105 ].   
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    How Treatment of One Disease Affects the Other 

    The Effect of Treatment of Sinusitis on Asthma 

    Pharmacotherapy of Allergic Rhinitis, Sinusitis, and Asthma 

 The treatment of allergic rhinitis with medications led to interesting observations regarding the effectiveness of these 
drugs to also treat asthma [ 106 ,  107 ]. Effective treatment of allergic rhinitis has been associated with a reduced fre-
quency of emergency department visits for asthma and a reduced risk for hospitalization for asthma [ 108 ]. Antihistamines 
used to treat allergic rhinitis may have some benefi t in asthma. Glucocorticoids, of course, will treat both areas of the 
respiratory tract, when applied “topically” to that region. Perhaps more interesting is the effect of immunotherapy on 
asthma. Because it is believed that immunotherapy works on a systemic basis to modulate the immune system, then one 
might infer that immunotherapy used to treat allergic rhinitis should help with allergic asthma as well. In fact, numer-
ous studies have supported the role of immunotherapy in asthma [ 109 ]. An illustration of the parallel strategies in 
treatment of allergic rhinitis and asthma is shown in Table  11.4 .

   Numerous studies in the pediatric population have suggested that treatment of sinusitis in patients with concurrent asthma 
leads to a more rapid resolution of their exacerbation [ 110 ]. 

 A discussion of the role of leukotriene pathway medications is important because of the existence of disease complex 
known as Samter’s triad, which consists of nasal polyposis, aspirin sensitivity, and severe asthma and is now referred to as 
aspirin-exacerbated respiratory disease (AERD). The role of aspirin in sinusitis is discussed in the chapter on aspirin-induced 
sinus disease. Leukotriene receptor antagonists such as montelukast have been found to have effi cacy in the treatment of both 
allergic rhinitis and asthma [ 111 ,  112 ]. Leukotriene receptor antagonists have also been found to play a role in the treatment 
of chronic sinusitis. These conclusions have mostly been established through the study of leukotriene receptor antagonists in 
the treatment of AERD whereby both asthma (the intended indication) and chronic sinusitis (unintended consequence) have 
shown improvement [ 113 ]. 

 In chronic sinusitis, the eosinophil and the mast cell have been the most commonly implicated cell types. Inhibiting 
the proinfl ammatory activity of eosinophils has been shown to reduce IL-4 and IL-5 levels. Anti-IL5 has been found to 
be effective in the treatment of nasal polyps [ 114 ]. Anti-IL4 has been proposed as a therapy for asthma, by virtue of its 
potential effect on decreasing IL-4 levels. IL-4 has been shown to be able to increase CysLT1 and CysLT2 receptor levels 
in eosinophils and lymphocytes. Thus, targeting of cytokine pathways may be a means to reduce the effects of leukotri-
enes. A pilot study of mepolizumab for treatment sinusitis in Churg-Strauss syndrome led to improvement in all seven 
patients after 4 months of treatment [ 115 ]. Withdrawal of the drug led to a reversal of the benefi cial effects of 
mepolizumab. 

 In addition to targeting cytokines generated by eosinophils and mast cells, imatinib, a tyrosine kinase inhibitor, has also 
been found to directly inhibit activation and function of these cell lines. A study of eight patients with chronic hypereosino-
philic sinusitis showed that imatinib could lead to decreased eosinophils in the blood in most subjects and symptom improve-
ment in about half of the subjects [ 116 ].  

   Table 11.4    Comparison of the classifi cation systems and treatment of allergic rhinitis and asthma   

 Allergic rhinitis  Asthma 

 Controller med  Rescue med  Controller med  Rescue med 

 Mild intermittent  None  Antihistamines  None  β-agonist 
 Mild persistent  Intranasal steroid  Antihistamine  Inhaled steroid  β-agonist 
 Moderate 

persistent 
 Intranasal steroid, leukotriene receptor 

antagonist 
 Antihistamine  Inhaled steroid, leukotriene 

receptor antagonist 
 β-agonist 

 Severe persistent  Intranasal steroid, leukotriene receptor 
antagonist, immunotherapy 

 Antihistamine  Inhaled steroid, leukotriene 
receptor antagonist 

 β-agonist, oral or 
parenteral steroids 
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    Immunotherapy in Allergic Rhinitis and Asthma 

 One of the risk factors for adverse reactions to immunotherapy is asthma. However, immunotherapy has also been associated 
with improvements in asthma. In fact, this observation may further support the existence of a one airway, one disease para-
digm, since the benefi t of this mode of therapy extends to both upper and lower airways [ 72 ].  

    Anti-IgE Therapy in Allergic Rhinitis and Asthma 

 Omalizumab is a recombinant humanized monoclonal antibody (primarily IgG1 class) directed against IgE [ 117 ]. 
Omalizumab was fi rst developed for the treatment of moderate to severe persistent asthma. However, it has also been studied 
for the treatment of upper airway allergic rhinitis as well. A randomized controlled trial studying the effect of omalizumab 
on allergic rhinitis symptoms was conducted on 536 patients between the ages of 12 and 75 years [ 118 ]. Outcome measures 
included self-assessment of daily nasal symptom scores, antihistamine use, and quality-of-life assessments. Free IgE levels 
were also measured. The results indicated that omalizumab was an effective mode of therapy with improvements in all three 
outcome measures. No increase in adverse side effects was noted in the treatment group compared with the placebo group. 
Similar results were found in studies on the use of omalizumab in birch pollen- [ 119 ] and cedar pollen-induced seasonal 
allergic rhinitis [ 120 ]. In the lower airway, Holgate et al. showed that omalizumab has similar benefi cial effects in asthma, 
and patients were more likely to be able to reduce their inhaled corticosteroid usage with an accompanying reduction in 
asthma-related hospitalizations and emergency room visits [ 121 ]. Quality-of-life improvements were also detected in the 
INNOVATE study, one of the earlier studies on the effectiveness of omalizumab in allergic asthma [ 122 ]. The benefi cial 
effects seen that are common throughout the respiratory tract, in both the upper and lower airways, suggest a common 
mechanism that can be targeted by a single agent.  

    Parallel Management of Allergic Rhinitis and Asthma 

 Classifi cation of asthma into various categories based on risk and control has been an ongoing project since the early 1990s. 
There have been several iterations of these guidelines with the most recent version focusing on impairment and risk. 
Controller medications and rescue medications have been relatively clearly delineated, and treatment and management algo-
rithms have been introduced to assist physicians and other caregivers. More recently, a similar set of classifi cation and guide-
lines have also been introduced for the treatment of allergic rhinitis as well [ 21 ,  123 ]. The most recent version of these 
guidelines was introduced in 2008 and was put forth by the Grading of Recommendations, Assessment, Development, and 
Evaluation (GRADE) working group and the Allergic Rhinitis and Its Impact on Asthma (ARIA) guideline panel, by review 
of systemic reviews and best available evidence [ 124 ]. 

 The approaches to classifying allergic rhinitis and asthma have been remarkably similar, and probably by design, to refl ect 
the similarities between the two diseases. Both are fi rst categorized into intermittent and persistent, then the persistent form 
is divided into mild, moderate, and severe groups. The fi rst-line treatment is with topical (either inhaled or intranasal) corti-
costeroids, refl ecting the need to provide anti-infl ammatory control that is based on pathologic observations already dis-
cussed above. Other maintenance medications include the leukotriene receptor antagonists, montelukast, zafi rlukast, and 
pranlukast, which, as a class effect, may be variably effective in treating symptoms of both the lower and upper respiratory 
tract. Antihistamines are useful in allergic rhinitis, and their role in allergic asthma is not quite so clear. But the overall paral-
lels in the current recommendations for treatment of upper and lower airway allergic disease are nearly identical, as illus-
trated in Table  11.3 , given more prudence to the one airway, one disease theory.  

    The Effect of Surgical Treatment of Sinus Disease on Asthma 

 A prospective study of 68 asthma patients who also had nasal polyposis was conducted to investigate whether or not surgical 
treatment of the nasal disease led to improvement in asthma [ 125 ]. The study lasted 21 weeks, and various asthma-related 
parameters were evaluated as therapeutic endpoints. Upper airway parameters include both subjective measures such as nasal 
congestion and rhinorrhea and objective measures such as peak nasal inspiratory fl ow. Lower airway parameters included 
symptoms of asthma such as cough and dyspnea along with objective tests including peak expiratory fl ow rate measurements 
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and lung function tests. The study included adult patients and also evaluated the use of fl uticasone propionate nasal spray 
prior to surgery in a double-blind randomized controlled format. The results of the study indicated that functional endoscopic 
sinus surgery led to a signifi cant improvement in both upper and lower airway symptoms, as well as improvements in objec-
tive measurements in both parts of the airway. The inclusion of a double-blind randomized controlled trial of presurgical 
fl uticasone confounds the data somewhat and does not answer the question the investigators had regarding the effectiveness 
of presurgical use of nasal steroids to improve surgical outcome. 

 A more recent study evaluated whether or not improvements in asthma were sustained after functional endoscopic sinus 
surgery. Fifty-one adult patients with both nasal polyposis and asthma underwent functional endoscopic surgery. The 
improvements in subjective and objective lower and upper airway parameters that occurred immediately after surgery were 
maintained 1 year post surgery [ 126 ]. Another study provided long-term data (average 6.5 years) on 30 patients with asthma 
who underwent functional endoscopic sinus surgery. Subjective and objective parameters of asthma severity were recorded, 
including utilization of hospital visits, medication use, and clinical symptoms. A sustained improvement was noted in all 
parameters [ 127 ]. 

 A corollary of these noted benefi ts of sinus surgery in improving asthma was demonstrated in a study of 510 patients with 
chronic rhinosinusitis, of whom 68 underwent revision endoscopic sinus surgery. This study showed that biofi lm-forming 
bacteria and asthma were independently associated with a risk for refractory chronic rhinosinusitis requiring revision endo-
scopic surgery.    This would suggest that treatment of asthma may be an important factor in determining the effi cacy of surgi-
cal treatment of sinus disease, illustrating the bidirectional nature of the association between asthma and sinus disease. 

 Diffi cult-to-treat asthma may result from a failure to recognize and treat comorbid conditions associated with asthma. 
These may include allergic rhinitis, perennial rhinitis, nonallergic rhinitis with eosinophilia, viral bronchitis, pneumo-
nia, atelectasis, chronic postnasal drip, gastroesophageal refl ux, obstructive sleep apnea, and rhinosinusitis. These rela-
tionships are illustrated in Fig.  11.3 . An algorithm depicting an approach to the treatment of diffi cult asthma is shown in 
Fig.  11.4 .
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  Fig. 11.3    Comorbid conditions associated with asthma       
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          Conclusions 

 From ancient times, physicians have appreciated the connection between the upper airway and lower airway. Throughout 
history, the link has been consolidated, and our understanding of the pathogenic mechanisms behind this link has been cul-
tivated, and now it is no longer simply an intuitive or presumed relationship. Several mechanisms are in play, and these 
involve neural, vascular, immunologic, and physical pathways. It is now known that there are anatomical and histomorpho-
logical similarities between the upper and lower airways that would lead one to believe that effects on one part of the airway 
should be duplicated in other parts. However, there are also differences between the upper and lower airways. The relation-
ship between the upper and lower airways may in fact be mediated by a multitude of factors. Nasobronchial refl exes may 
trigger vascular changes between the two parts of the airway. Allergen challenge to one part of the airway may trigger local 
changes that can lead to similar changes in other parts of the airway but may also mediate infl ammatory effects by a systemic 
infl ammatory response, leading to infi ltration of infl ammatory cells and generation of infl ammatory cytokines in distant sites. 
It has been shown that this may involve the action of Th2 cytokines such as IL-4, IL-5, and IL-13, and that Th1 cytokines 
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  Fig. 11.4    Diffi cult-to-treat asthma: an algorithm       
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such as TGF-β may actually provide a protective effect. There are similar cytological changes in nasal polyp tissue and lower 
airway tissue, but polyps themselves are not often seen in the lower airway. Further research on the pathologic mechanisms 
of upper and lower airway infl ammation will bring about a better understanding of the similarities and differences of infl am-
mation in these two areas of a contiguous organ and hopefully lead to better and safer therapeutic modalities.     
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    Chapter 12   
 Nonsteroidal Anti-infl ammatory Drug Hypersensitivity 
and Sinus Disease 

             Jinny     E.     Chang      ,     Andrew     A.     White     , and     Ronald     A.     Simon     

           Introduction 

    Some chronic    rhinosinusitis patients have concurrent nasal polyposis, asthma, and aspirin sensitivity. These patients have 
aspirin-exacerbated respiratory disease (AERD). AERD is a condition consisting of both upper and lower airway infl amma-
tion with respiratory reactions to cyclooxygenase-1 (COX-1) inhibitors including aspirin (ASA) and nonsteroidal anti- 
infl ammatory drugs (NSAIDs). First described by Widal in 1922 [ 1 ], it has been referred to as Samter’s triad after Samter 
and Beers revisited the disease in 1968 [ 2 ]. The disease has also been referred to as aspirin-sensitive asthma and aspirin- 
intolerant asthma but is most aptly described by aspirin-exacerbated respiratory disease. AERD is characterized by the tetrad 
of adult onset of asthma, chronic rhinosinusitis with nasal polyposis, and ASA/NSAID sensitivity.  

    Initial Clinical Presentation 

 Many patients with AERD report that they can pinpoint the start of their disease with a viral upper respiratory infection in 
their late teens to middle age. The mean age of presentation however is approximately 34 years old [ 3 ]. The initial symptoms 
mimic a viral illness but seem persistent beyond the window of a typical infection and include chronic nasal congestion, 
rhinorrhea, and postnasal drip. This symptomatology evolves further into chronic rhinosinusitis with development of nasal 
polyposis, asthma, and anosmia within 1–5 years [ 4 ]. Interestingly, the sensitivity to ASA/NSAID can develop at any time in 
the course of the patient’s disease. The reaction to aspirin can involve both upper and lower airway reactions including naso-
ocular reactions (tearing, rhinorrhea, nasal congestion) and shortness of breath from laryngospasm and/or bronchospasm. 

 There is usually no pattern of familial inheritance or ethnic predilection in AERD. AERD is marginally more prevalent 
among females (57 % vs. 43 % males) [ 5 ]. 

 There are many differences between CRS in AERD and CRS alone. CRS in AERD includes the other components of the 
tetrad in AERD of nasal polyposis, asthma, and aspirin sensitivity. Furthermore, the disease course, severity, and character-
istics of AERD-associated CRS more profoundly affect quality of life. These will be discussed in greater detail later in this 
chapter. It is unclear at this time if the differences are due to the comorbidities affecting both upper and/or lower airways or 
possibly due to differences in the inherent pathophysiology of the disease.  
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    Asthma and AERD 

 Approximately 34 million Americans and most patients with AERD have been diagnosed with asthma by a healthcare pro-
vider [ 6 ]. Asthma in AERD, like all forms of chronic asthma, is a chronic infl ammatory disorder of the airways associated 
with airway hyperresponsiveness that leads to recurrent episodes of wheezing, breathlessness, chest tightness, and coughing 
[ 7 ]. These episodes are associated with airfl ow obstruction that often reverses spontaneously or with treatment. The generally 
accepted degree of reversibility in forced expiratory volume in 1 s (FEV1) that indicates a diagnosis of asthma is 12 % and 
200 mL from the pre-bronchodilator value [ 7 ]. Immunohistopathologic features of asthma include infl ammatory cell infi ltra-
tion with neutrophils, eosinophils, lymphocytes, mast cell activation, and epithelial injury presenting as bronchoconstriction, 
airway edema, airway hyperresponsiveness, and airway remodeling. The clinical spectrum of asthma is highly variable in 
degree of presentation and clinical progression. The treatment goal of asthma is defi ned as using appropriate treatment which 
results in only occasional fl are-ups with rare severe exacerbations. The mainstay medications for the treatment of AERD- 
associated asthma is consistent with standard asthma treatment guidelines and include short-acting beta agonists, long-acting 
beta agonists, leukotriene modifi ers, inhaled corticosteroids, and systemic corticosteroids in cases of exacerbations. A step-
wise approach to asthma therapy has been published as a national guideline and global strategy [ 7 ,  8 ] and should be refer-
enced when determining which medications to start patients on. 

 The incidence and prevalence of asthma are rising in both adults and children [ 6 ]. While asthma is commonly thought of 
as a disease starting in childhood, onset can occur in adulthood. In AERD, patients generally experience adult-onset asthma. 
AERD comprises a relatively small proportion of asthmatics (up to 5 %) [ 9 ], but given the high prevalence of asthma, there 
are noteworthy number of patients with AERD. 

 Asthma in AERD patients behave differently than asthma in the general population.  The Epidemiology and Natural 
History of Asthma: Outcomes and Treatment Regimens  study observed severe or diffi cult-to-treat asthma patients [ 10 ]. When 
comparing AERD patients ( n  = 459) with non-aspirin-sensitive asthma ( n  = 2,848), AERD patients had markers of more 
severe disease. AERD patients had objective markers of lung impairment with lower mean post-bronchodilator percent pre-
dicted FEV1 (75.3 % vs. 79.9 % ( p  < 0.001) as well as higher intubation rates of 20 % vs. 11 % ( p  < .001). Among patients 
who required intubation, 8 % of asthma exacerbations were actually triggered by an NSAID. AERD patients also had more 
severe asthma by physician assessment (66 % vs. 49 %  p  < .001) and increased rates of high-dose inhaled corticosteroid use 
34 % vs. 26 % ( p  < .001). In a study at Scripps Clinic, 230 of 300 (77 %) AERD patients had taken systemic corticosteroids 
in the previous year [ 5 ]. Daily prednisone was used in 51 of 230 (22 %) AERD patients, with an average of 7.5 mg/day, and 
39 of 230 (17 %) were taking prednisone every other day. Short courses of prednisone for treatment of sinusitis or respiratory 
infl ammation were taken in the past by 140 of 230 (61 %) of subjects during the year before undergoing a positive challenge 
to aspirin confi rming AERD. Koga et al. studied a Japanese population of asthmatics, and AERD patients were much more 
likely (34.4 % vs. 5.4 %) to have multiple asthma exacerbations during the previous year and used higher inhaled corticoste-
roid maintenance dose including oral steroids [ 11 ]. This data suggests that AERD patients most commonly exhibit charac-
teristics of severe asthma. 

 In general, severe asthma is more common in patients with CRS when compared to those without CRS [ 12 ]. The associa-
tion becomes even stronger for asthmatic patients with chronic rhinosinusitis and nasal polyposis (CRSwNP) [ 13 ,  14 ]. It 
comes as no surprise that in AERD where both the upper and lower airways are involved with chronic infl ammation, evi-
dence of CRS would indicate worse disease. The diffuse airway involvement characteristic of AERD suggests that the treat-
ment of asthma in these patients requires careful monitoring, medication use and compliance, and control of both the upper 
and lower airways concurrently.  

    Aspirin/NSAID Sensitivity in AERD 

 NSAIDs are used for their analgesic, antipyretic, and anti-infl ammatory properties and are one of the most commonly admin-
istered medications. NSAIDs are a mainstay therapy for patients with arthritides to achieve pain relief and an acceptable 
quality of life. Aspirin is also used for primary and secondary prevention of cardiovascular events and strokes [ 15 ,  16 ]. 
Patients with AERD develop ASA/NSAID sensitivity anytime along their disease course as previously described. Until the 
sentinel event, these patients have a history of tolerating ASA/NSAID without respiratory reactions. Remarkably, symptoms 
of rhinorrhea, nasal congestion, laryngospasm, and bronchospasm following ASA/NSAID exposure are specifi c to ASA and 
COX-1 inhibitors. Specialized COX-2 inhibitors have not proven to be involved, and AERD patients appear able to tolerate 
COX-2 inhibitors [ 17 ,  18 ] (Table  12.1 ).
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       Chronic Rhinosinusitis in AERD 

 CRS is the second most prevalent chronic medical condition and affects approximately 1 in 7 adults [ 19 ]. CRSwNP com-
prises 20–33 % of CRS disease [ 20 ]. AERD patients suffering from CRSwNP comprise of up to 15 % of total patients with 
CRSwNP. The histopathology of AERD-related CRSwNP demonstrates eosinophil-dominant infl ammation and is character-
ized as hyperplastic sinusitis. In fact, chronic hyperplastic eosinophilic sinusitis has been used as a predictor of AERD by a 
study done by Mascia et al. [ 21 ]. 

 CRSwNP is one of the most common indications for sinus surgery [ 22 ]. In 1994 alone, approximately 200,000 sinus 
surgeries for CRSwNP were performed in the United States. AERD patients have a more aggressive form of nasal/sinus 
polyposis based on symptom scores, objective CT and endoscopies, and frequency of repeat surgical procedures [ 23 ]. In 
general, the presence of polyps is associated with higher preoperative CT scores and higher preoperative and postoperative 
symptom scores [ 24 ]. However, aspirin-sensitive patients have signifi cantly worse preoperative CT and endoscopy scores 
when compared to aspirin-tolerant patients with CRS [ 25 ]. 

 It has been suggested that the AERD patients are predisposed to secondary infections and biofi lm formation as the polyp-
oid tissue is abnormal and lacks a ciliary mucosal blanket [ 26 ]. The implied decreased ciliary clearance and biofi lm forma-
tion superimposed on the already swollen AERD sinus membranes may lead to manifestations of more aggressive disease. 
While a similar proportion of aspirin-sensitive and aspirin-tolerant CRS patients improve following functional endoscopic 
sinus surgery (FESS) using quality of life (QOL) instruments [ 25 ], Kim et al. found that patients with AERD had 10 times 
as many previous FESS procedures than those without AERD. Furthermore, these authors found that AERD patients had 
higher rates of symptom recurrence (nasal obstruction, facial pain, postnasal drip, and anosmia) at 6-month follow-up [ 27 ]. 
AERD patients appear to have higher rates of symptom recurrence, are much less likely to retain long-term benefi ts from 
FESS, and are more likely to require repeated future sinus procedures [ 28 – 30 ]. 

 It has been suggested that this more aggressive form of polyp disease is secondary to a greater degree of infl ammation and 
mucosal hyperplasia in AERD, as evidenced by CT imaging scores of the sinuses when compared to aspirin-tolerant asth-
matics [ 21 ]. In a study over a 12-month period, CRS patients received an average of 2.7 antibiotic courses and used nasal 
steroids and prescription antihistamines 18.3 and 16.3 weeks, respectively [ 31 ]. In contrast, patients with AERD suffer an 
average of 5.5 sinus infections per year [ 5 ].  

    Anosmia/Hyposmia in AERD 

 Anosmia or hyposmia is a frequent complaint of AERD patients. Decreased or loss of ability to smell can impair QOL. 
Problems associated with anosmia include taste disturbance, anorexia, and health risks such as not being able to smell smoke 
in an emergency. Olfactory function correlates best with mucosal infl ammation in contrast to nasal patency in chronic rhino-
sinusitis [ 32 ]. Therefore, one would expect that FESS would not commonly resolve anosmia in AERD. In fact, recovery of 

    Table 12.1    Examples of inhibitors   

  Examples of COX-1 inhibitors  
 Aspirin 
 Ibuprofen 
 Ketorolac 
 Indomethacin 
 Diclofenac 
 Naproxen 
 Nabumetone 
 Etodolac 
 Sulindac 
 Ketoprofen 
  Examples of COX-2 inhibitors  
 Celecoxib 
 Rofecoxib a  
 Valdecoxib a  

   a Taken off the US market  
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a normal sense of smell remained limited in post-FESS AERD patients in a study of olfactory outcome using Sniffi n’ Sticks 
6 months following FESS [ 33 ].  

    Pathogenesis of AERD 

 The pathogenesis of AERD is not yet clear. Aspirin and NSAIDs are nonselective COX-1 inhibitors that promote a shunt of 
arachidonic acid (AA) metabolism toward the 5-lipoxygenase pathway and alter the synthesis of prostaglandins (PG). The 
resultant AA metabolic shift increases the release of infl ammatory mediators such as cysteinyl leukotrienes (LTs) LTC4, 
LTD4, and LTE4 which are potent bronchoconstrictors [ 34 ]. The altered metabolic pathway also leads to a decrease in PGE2, 
a well-known suppressor of infl ammation [ 6 ,  9 ]. The interplay of proinfl ammatory metabolites and a decrease in infl amma-
tory suppressors may play a role in AERD development (Fig.  12.1 ).

   Like many other diseases, environmental factors and their effects on epigenetics may play a role in AERD development. 
To date, environmental tobacco smoke including prenatal exposure to tobacco has been linked to asthma [ 35 ]. However, 
epidemiologic research on environmental tobacco smoke and CRS has not been conclusive [ 36 ]. A recent case-control study 
has linked 5 years of environmental tobacco smoke during adulthood with CRS [ 37 ]. However, AERD may be different. In 
a recent study examining the association between AERD development and exposure to environmental tobacco smoke during 
childhood and adulthood, the exposure during both childhood and adulthood demonstrated an odds ratio (OR) of 5.09 
(95 %CI, 2.75–9.43) [ 38 ]. Active tobacco smoke also proved to be associated with AERD development (OR, 1.54; 95 % 
confi dence interval [CI], 1.04–2.28). In the same study, no statistically signifi cant risk was found in patients who experienced 
adulthood environmental tobacco smoke alone, perhaps highlighting the importance of childhood exposure in development 
of AERD. 

 Given the clinical history of viral infection as a possible trigger for AERD patients and accumulated studies on the role 
of upper respiratory viral infections as triggers for asthma development and subsequent exacerbations, viral infection may be 
the potential “hit” in a multifactorial cascade that leads to AERD. In fact, one hypothesis suggests that the onset and 
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perpetuation of AERD begins with a rhinovirus infection. Due to defects in immune regulators found in AERD, there is 
perpetuation of viral infection/susceptibility. In a study using reverse transcription polymerase chain reaction, the results of 
bronchial biopsies of 7 of 7 AERD patients were positive for rhinovirus RNA [ 39 ]. While this fi nding was not limited to 
asthmatic patients with AERD, this may be a clue that AERD patients lack important antiviral protective responses. In fact, 
since viral respiratory infections are one of the most common provoking factors of acute asthma exacerbations in both chil-
dren and adults with all varieties of asthma [ 40 ], it is plausible that all asthmatic patients may lack important antiviral protec-
tive responses in airway epithelium such as innate immune responses (interferon secretion, macrophage, and TH1 cell 
dysfunction) and poorly functioning mucociliary clearance. Such an altered immune response to rhinovirus infection could 
be enhanced through epithelial cells exposed to cigarette smoke and possibly closing the link between the asthmatic patient 
and an increased risk for AERD [ 41 ]. 

 While genetic studies in AERD patients have suggested a variability of genes that might promote susceptibility [ 42 ], poly-
morphisms identifying defi nitive molecular candidates for the pathogenesis or biomarkers of AERD have not been found. 
Examples of polymorphisms identifi ed for AERD include LTC4 synthase (LTC4S), cysteinyl-LT receptors, and prostaglan-
din E receptor [ 43 ]. However, genetic data demonstrating an association with AERD have been confl icting. In a Polish study 
of AERD patients, an LTC4S SNP with increased transcription of the enzyme LTC4S has been previously described [ 44 ]. 
Neither phenotype nor enzyme functionality has been replicated in a US population [ 45 ]. In fact, the same LTC4S polymor-
phism was associated with chronic hyperplastic eosinophilic sinusitis and was independent of aspirin sensitivity [ 46 ]. 

 In another study, cysteinyl-LT receptor 1 promoter SNP in AERD patients was shown to be a useful marker for predicting 
montelukast requirements to control asthma symptoms [ 42 ]. In the same study, SNPs in various genes, including  LTC4S , 
 COX-2,  and  TBXA2R  (thromboxane A2 receptor), were studied without revealing the same clinical relevance. 

 Non-Mendelian inheritance is highlighted in aspirin sensitivity as only 5.1 % of patients have a familial occurrence [ 47 ]. 
Given the likely multifactorial nature of AERD, further genetic evaluation may uncover numerous SNPs. Perhaps a specifi c 
pattern will emerge in the future that will point to the key culprit in the pathogenesis of AERD. Currently, it is unclear what 
clinical implication genetic evaluation may have on diagnostic or therapeutic approaches to AERD. Although genetic polymor-
phisms may serve as biomarkers for AERD research, establishing AERD in the individual patient remains a clinical diagnosis.  

    Burden of Disease in AERD 

 Burden of disease can be divided into direct and indirect costs. Direct costs include money spent on physician visits, medica-
tions, operations, or procedural costs such as surgery. Indirect costs include missed work/school days as well as loss of 
productivity. AERD is a unique syndrome with a tetrad of disorders; therefore, the burden of disease is an aggregate for the 
overlapping components of CRSwNP, asthma, and aspirin sensitivity. The burden additionally includes the effects of com-
mon comorbid condition such as allergic rhinitis. Due to the overlays in direct and indirect costs from each disease compo-
nent, data for each condition cannot be simply added together. However, we can infer that there is a high degree of strain on 
AERD patients. As this is a disease without a cure, the burden of disease would also be cumulative. 

    Asthma 

 The healthcare costs for all asthmatics in the United States were $50.1 billion in 2007 [ 48 ]. Analyzing productivity, the 
United States lost about $3,300 per person with asthma each year from 2002 to 2007 in medical expenses, missed school and 
work days, and early deaths. As asthma in AERD is unveiled in adulthood, adult data should be highlighted. In 2007, adults 
with asthma had 7.2 million visits to private physician offi ces, 1.11 million emergency department visits, and 600,000 hos-
pital outpatient department visits [ 49 ]. In 2008, adult patients with asthma missed 14.2 million workdays due to their asthma, 
and nearly 34 % missed at least 1 work day due to asthma in the previous year [ 49 ]. While these numbers should be adjusted 
to the proportion of AERD patients (up to 5 % of asthmatics), the cost-related load remains high.  

    The Impact of Asthma Control 

 Severe and diffi cult-to-control asthma is a common phenotype in AERD. Healthcare expenditure (offi ce visits and drug 
costs) for asthmatic patients whose symptoms were well controlled was $6,352 vs. $14,212 for uncontrolled disease [ 50 ]. 
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Uncontrolled asthma also leads to a rise in indirect costs. In 1,199 patients with moderate to severe asthma who completed 
the Asthma Therapy Assessment Questionnaire (ATAQ) scores ranging from 0 to 4 (0 indicating no asthma control prob-
lems), decreasing levels of asthma control were associated with greater prevalence of sleep problems, depression, functional 
impairment, and effect on work and regular activities [ 51 ].  

    Aspirin Sensitivity 

 For those with aspirin sensitivity, alternative approaches in cardiac care, such as clopidogrel, make aspirin therapy a more 
cost-effective choice by tenfold for quality-adjusted life year (QALY) gained [ 52 ]. When anti-infl ammatory or analgesic 
medications are required, selective COX-2 inhibitors [ 17 ,  18 ] are well tolerated in AERD patients. However, the direct cost 
of these medications is considerably higher when compared to over-the-counter NSAIDs [ 53 ]. Even AERD patients who 
know they must avoid COX-1 inhibitors sometimes inadvertently take aspirin or other NSAIDs, leading to a costly fl are of 
symptoms. Following aspirin desensitization, however, patients with AERD are able to tolerate aspirin and other NSAIDs 
again and experience disease improvement leading to a cost-saving benefi t.  

    Allergic Rhinitis 

 Allergic rhinitis is not a defi ned element of AERD; however, 66 % of patients have positive skin testing and clinically 
demonstrate a range of allergic severity [ 47 ]. In some patients, symptoms are mild and do not add morbidity to AERD. 
In others, atopic disease is severe and leads to additional symptoms that confound the AERD picture. As a disease, the 
mean annual expenditure for those with an out-of-pocket expense related to allergic rhinitis was $520 per person in 2005 
[ 54 ]. Allergic rhinitis was the fi fth most costly disease in a study evaluating ten different diseases in 375,000 employees 
[ 55 ]. Productivity is an indirect cost and Blaiss et al. showed that patients rated their productivity at work when symp-
tomatic vs. asymptomatic was 95 % vs. 72 % [ 56 ]. Allergic rhinitis patients also have sleep deprivation and sexual 
impairment [ 57 ]. For AERD patients, many of the direct and indirect costs of CRS and asthma are amplifi ed by any 
coexisting allergically triggered airway dysfunction.   

    Treatment in AERD 

 AERD is a unique infl ammatory condition of the respiratory tract. Although several treatments options are similar in effec-
tiveness to therapy used in other infl ammatory sinus diseases, it is the option of aspirin desensitization that sets AERD apart 
in terms of treatment from all other diseases of the sinuses. 

    AERD and Desensitization 

 Desensitization to ASA in AERD becomes an integral pillar of treatment for many patients. In this setting, desensitization 
refers to the regular administration of ASA in order to maintain a desensitized state. The actual “desensitization procedure” 
takes place under the supervision of an allergist and generally requires 2 days to accomplish, but as a therapy, desensitization 
is the long-term administration of aspirin to maintain a desensitized state. The benefi ts from ASA desensitization occur only 
in the setting of regular daily administration of ASA and are lost approximately 48 h after the last dose is taken. For most 
patients, desensitization is undertaken in an effort to better control underlying airway infl ammation. Patients with a compel-
ling need for ASA therapy such as for cardiovascular disease [ 58 ] or those with rheumatologic conditions requiring regular 
NSAIDs gain both the respiratory disease benefi ts as well as the benefi ts from ASA or NSAIDs on the other coexistent 
diseases. 

 Numerous studies quantify the benefi t from ASA therapy in AERD [ 47 ,  59 – 62 ]. In the upper airways, a decrease in sinus 
surgery requirements, a decrease in sinus infections, and an improvement in sense of smell have all been shown. Similarly, 
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the lower airways benefi t with effects that include decreased need for systemic corticosteroids, less emergency room visits 
and hospitalizations for asthma, and improvement in asthma symptoms. Another obvious benefi t of ASA desensitization is 
the ability to use this medication daily for cardiovascular indications [ 58 ]. Therefore, ASA desensitization should be consid-
ered for the individual with a need for unacceptably high doses of systemic corticosteroids and recalcitrant sinus disease 
requiring repeated surgical interventions or those with persistent ongoing symptoms that have not responded to other con-
ventional therapies [ 63 ]. While the process of aspirin desensitization itself is a direct cost to the AERD patient, the procedure 
can decrease both direct and indirect costs. In an economic analysis of aspirin desensitization of AERD, a study showed that 
ambulatory desensitization for AERD cost $6,768 per QALY saved ($18.54 per additional symptom-free day). Aspirin 
desensitization for AERD remained cost-effective (<$50,000 per QALY saved) across a wide range of assumptions. While 
this is not a direct study of patients with AERD vs. patients without the disease, it shows a signifi cant difference in those with 
AERD and those with better-controlled AERD as a result of aspirin desensitization [ 64 ].  

    Dose of Aspirin for Desensitization 

 The bulk of evidence shows that the dose of ASA necessary to treat the airway disease is in the range of 650 to 1,300 mg of 
ASA per day (dose 325 mg, 1 tablet twice daily to 2 tablets twice daily). In one smaller study, 100 mg of daily ASA was 
ineffective while 300 mg was effective at controlling sinus disease [ 65 ]. Therefore, 300–325 mg of daily ASA therapy rep-
resents the lower limits of effectiveness of chronic ASA therapy in AERD. Doses of 325 mg per day are less likely to give 
clinical benefi t when compared with higher doses [ 66 ]. A recent report identifi ed the diffi culty in predicting the dose of ASA 
that patients will have an optimum response to. In this study patients were randomly assigned to 650 or 1,300 mg cumulative 
daily ASA dose. While both doses were effective, about half of the patients in the high-dose arm were able to decrease to a 
650 mg daily dose, while half of the group initially randomized to the 650 mg daily dose found it necessary to increase to the 
high dose (1,300 mg daily dose) due to inadequate symptom control [ 61 ]. This suggests the presence of a dose effect of ASA 
therapy in AERD. While some patients may have a benefi t from ASA doses in the 300 mg daily range, many of these would 
likely enjoy a greater benefi t to their respiratory tree by increasing the ASA dose.  

    Side Effects 

 Chronic ASA therapy is not without risk. Dyspepsia ranks as the most common reason that patients discontinue or reduce 
the dose of ASA [ 61 ]. Bleeding or ecchymosis and urticaria/angioedema were also some of the more common reasons for 
ASA cessation. Another less common but more severe adverse effect is gastric bleeding (2/172) [ 47 ]. At the end of 1 year, 
between 14 and 16 % of patients will discontinue ASA due to adverse effects [ 47 ,  61 ]. Another adverse effect of ASA or 
NSAID therapy is acute kidney injury. Many patients are on angiotensin converting enzyme inhibitors or angiotensin recep-
tor blockers at the time of ASA desensitization. Co-therapy with either of these antihypertensives and ASA can increase the 
risk of acute kidney injury and should be taken into consideration if long-term treatment with ASA is planned [ 67 ]. Although 
the benefi ts of aspirin desensitization will outweigh the risks for most patients, an informed discussion of the risks of lifetime 
treatment with aspirin is warranted.  

    ASA Desensitization Specifi cs 

 Over the last two decades, great improvements to the protocol for aspirin desensitization have been made. What once used 
to be carried out as an inpatient over the course of a week can now be performed over the course of 2 days as an outpatient 
for most individuals. Improvements in the use of prophylactic agents taken during the time of desensitization and alternative 
techniques such as local nasal ketorolac application have made aspirin desensitization accessible to many local  allergists/
immunologists.  

 The desensitization should take place after a properly selected patient is identifi ed. Patients should have stable airway 
disease and an FEV1 > 70 %. Stable airways can be identifi ed by performing two FEV1 maneuvers in the weeks before 
desensitization. Patients with unstable airways should be given systemic steroids to optimize pulmonary function during 
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desensitization. Also, the addition of a long-acting beta agonist during the desensitization likely prevents instability of the 
airways during the desensitization and limits the chances of falsely identifying a drop in pulmonary function from airway 
instability during the challenge as a positive aspirin challenge. While not all patients necessarily need to have an intravenous 
line started before the desensitization, it should be considered in patients where a more aggressive reaction is anticipated. 
Finally, all desensitization centers should have resuscitation equipment available and experienced nursing staff to assist in 
the treatment and monitoring of reactions when they occur. While most ASA desensitizations can be performed in an outpa-
tient setting, some physicians still choose to perform desensitization as an inpatient due to nursing requirements or inability 
to adequately manage asthmatic reactions in the clinic.  

    Aspirin Desensitization Protocol 

 Doses are administered starting at approximately 30 mg ASA. The dose which causes the reaction is termed the “provoking 
dose.” The reaction is treated and then the same dose is then repeated. In most cases the reaction to the second dose is attenu-
ated if not absent altogether. Initial protocols used doses of 30, 45, 60, 100, and 150 mg of aspirin. These doses need to be 
created in a compounding pharmacy and may not be practical for many clinics. Table  12 . 2  shows an alternative dosing 
strategy based on splitting 81 mg aspirin with a pill cutter. This is another acceptable strategy to create the necessary doses 
for desensitization. The desensitization is completed when the patient has received 325 mg of ASA without reaction. Older 
protocols continued desensitization until 650 mg of aspirin was successfully given, but in a large series of patients, no 
patient reacted after the 650 mg dose, so giving this dose is no longer necessary to complete desensitization. Without con-
tinued dosing, the desensitized state lasts approximately 48 h. After this time, if no more ASA is administered, desensitiza-
tion will be lost completely by 96 h. It is incumbent on the patient to understand that ASA desensitization is an ongoing 
treatment.

       Nasal Ketorolac 

 In the United States, the only accessible form of ASA has been in an oral formulation. The use of an aqueous form of aspirin 
(lysine-aspirin) is well documented in many other countries around the world to be useful in nasal challenges, intravenous 
challenges, or bronchial inhalation challenges. In fact, previous desensitization and ongoing treatment with nasal L-ASA has 
been reported [ 68 ]. Although the United States does not have an FDA-approved aqueous preparation of ASA, ketorolac (a 
potent COX-1 inhibitor) is available for intravenous or intramuscular administration for pain. In a simple dilution with saline, 
this can then be administered nasally either for a diagnostic challenge or to enhance the aspirin challenge [ 69 ,  70 ]. 

   Table 12.2    Sample outpatient aspirin desensitization protocol   

 Prior to desensitization 
  1. Document airway stability with FEV1 >60–70 % predicted (>1.5 L absolute) 
  2. FEV1 every hour × 3 h with <10 % variability 
  3. Start montelukast 10 mg daily for 7 days prior 
  4. Adequately control underlying airway disease with ICS/LABA 
  5. If evidence of low FEV1 or instability, start systemic corticosteroids 
  6. No antihistamines 48 h prior to challenge 
 Protocol 
  1. Start intravenous line with heparin lock 
  2. First dose 20.25–40.5 mg a  
  3. Subsequent doses: 60, 81, 101, 162.5 (1/2 of 325 mg), and 325 mg 
  4. Doses are administered every 3 h with clinical assessment and FEV1 each hour b  
  5. Reactions generally occur between 20 and 100 mg (see Table  12.1  for treatment) 
  6. After the patient has stabilized, readminister the “provoking dose” 
  7. If time limits the readministration of the provoking dose, it can be given at the beginning of day 2 
  8. The desensitization can be stopped when 325 mg of aspirin is administered without reaction 
  9. Discharge patient on 650 mg of aspirin twice daily 

  Reprinted from Lee et al. [ 61 ]. With permission from Elsevier 
  a Some protocols recommend dosing every 90 min 
  b Doses can be made using a pill cutter to an 81 mg aspirin  
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 An initial pilot study demonstrated that the sensitivity and specifi city of nasal ketorolac compared favorably with L-ASA 
in various European studies. Interestingly, in this pilot study, several patients clearly reacted to the nasal challenge, but sub-
sequent dosing with oral aspirin led to no further reaction, suggesting that desensitization was completed during the nasal 
ketorolac nasal application. 

 A subsequent study demonstrated that when used during the initial phases of aspirin desensitization by decreasing the 
severity of gastrointestinal or laryngeal symptoms and also by improving the time it takes to completely desensitize the 
patient from 3 to 2 days. The ease of use of nasal ketorolac and the favorable improvement in symptoms during desensitiza-
tion make this a useful addition for clinical use.  

    Leukotriene-Modifying Drugs (LTMDs) in AERD and During Desensitization 

 Given the dramatic outpouring of leukotriene mediators in the AERD reaction, the use of pharmacologic therapy targeting 
this particular pathway would seem to offer promise in treatment of the underlying disease and attenuation of the acute reac-
tion to ASA in AERD. In the United States, the leukotriene receptor antagonists montelukast and zafi rlukast are available, as 
is the 5-lipoxygenase inhibitor zileuton. In treatment of the underlying infl ammatory airway disease in AERD, both zileuton 
and montelukast have been evaluated. Zileuton was associated with improvement in pulmonary function, need for less rescue 
inhaler use, and improvement in sense of smell [ 71 ]. In a similar double-blinded, placebo-controlled trial of 80 patients, 
montelukast was shown to improve several measures of asthma including FEV1 [ 72 ]. Similarly, an improvement in nasal 
symptoms and function was observed after a 4-week trial of montelukast when compared with placebo [ 73 ]. What is unex-
pected is that AERD patients do not have an enhanced response to leukotriene modifi er drugs. The response to treatment 
appears to be roughly similar to the non-AERD asthmatic population [ 74 ,  75 ]. 

 However, during the reaction from ASA, LTMDs, particularly montelukast, have an important modulatory role. 
Montelukast has been studied the most, likely due to its ready availability in the United States. It is clear that the use of 
montelukast during ASA challenges changes the nature of the reaction. Reactions shift from involving both the upper 
and lower airways to primarily upper airway reactions [ 76 ,  77 ]. This has been shown to decrease the magnitude drop in 
FEV1, thereby enhancing the safety of these reactions [ 78 ]. In these studies, the negative challenge rate remained 
unchanged from historical rates prior to the introduction of LTMDs to the market or to the negative challenge rate in 
those patients not taking an LTMD. Thus, there does not appear to be a signifi cant risk that the entire ASA reaction could 
be completely masked by the use of montelukast. One study challenged 10 patients with ASA before and then while 
using montelukast. In one of these ten patients, the reaction appeared to be blocked completely by montelukast [ 79 ]. So, 
while likely very rare, there may be patients who undergo a “silent” challenge or desensitization to ASA while taking an 
LTMD. 

 In other studies, pranlukast use during ASA challenge led to diminished respiratory reactions yet failed to decrease 
aspirin-induced leukotriene production [ 80 ]. In studies evaluating the nasal response, montelukast pretreatment protected 
against local effects from nasal ASA-lysine challenge with no difference observed between a 10 and 40 mg montelukast dose 
[ 81 ]. In a 4-week placebo-controlled trial, montelukast signifi cantly improved nasal fl ow and symptoms to nasal ASA-lysine 
challenge [ 74 ]. Discordant results evaluating zileuton in protection of the ASA-induced reaction exist. Israel and colleagues 
found zileuton to completely protect the upper and lower airways from ASA challenge at a predetermined provoking dose 
[ 82 ]. Increasing doses of ASA were not investigated. Pauls et al. found that zileuton did not offer complete protection to any 
of six patients undergoing ASA challenge and desensitization [ 83 ]. The authors conclude that zileuton may offer a degree of 
benefi t by shifting the response to a higher dose of ASA, but that complete blockade of the ASA-induced reaction by zileuton 
likely does not occur. 

 These studies demonstrate that LTMD therapy can be considered as part of the maintenance therapy for the AERD patient, 
recognizing that benefi t to the airways would not be any different than in aspirin-tolerant asthma. But, during the acute 
desensitization process, LTMD therapy, specifi cally montelukast, should be strongly considered as a means of increasing the 
safety of the oral challenge.  

    Local Nasal Desensitization 

 Several studies have evaluated a role of ASA-lysine in desensitization, primarily to treat nasal polyposis [ 68 ,  84 – 86 ]. Of 
these, two have demonstrated an improvement in outcomes with intranasal chronic ASA-lysine administration, yet the only 
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double-blinded controlled trial failed to show signifi cant clinical benefi t [ 86 ]. Further studies in this regard are recommended 
to address this important issue.  

    Desensitization Events 

 The mechanism behind ASA desensitization remains unclear. It certainly represents a uniquely different desensitization 
process when compared with traditional allergen immunotherapy which effects a long-term immunological change or stan-
dard antibiotic desensitization which allows continued use of the drug on a regular basis but leads to no long-term immuno-
logical effect. In ASA desensitization, the continued use of ASA exerts a disease-modifying effect, yet permanent effects are 
not seen in that the ability to safely take ASA is lost after 48–96 h have elapsed from the last dose [ 87 ]. The benefi cial effects 
of ASA desensitization are thought to rapidly wane after that time. 

 Several concepts have shaped the degree to which the mechanism of ASA desensitization is understood. Leukotriene B4, 
one of the products of AA metabolism, is reduced after ASA desensitization to levels seen in normal controls [ 88 ]. In AERD 
patients after acute and chronic desensitization, a rise in urinary LTE 4  still occurred with administration of ASA, but this rise 
was less intense than during the ASA-provoked reaction. Despite the increase in urinary LTE 4 , there was no concomitant 
decrease in FEV1 [ 89 ]. Airway responsiveness to inhaled LTE 4  decreases markedly on the day following ASA desensitiza-
tion [ 90 ,  91 ]. Cys-LT1 receptors are elevated at baseline in AERD patients, yet decrease to levels seen in ASA-tolerant 
asthmatics after chronic desensitization [ 92 ]. These fi ndings support a conclusion that in the desensitized individual, although 
leukotrienes are still produced, they are no longer able to effect the pronounced infl ammatory changes. 

 A recent paper by Katial et al. demonstrated a decrease in sputum IL-4 6 months following aspirin desensitization [ 62 ]. 
This important observation corroborates observations by in vitro studies showing that aspirin, at therapeutic levels, can 
decrease IL-4 through a STAT6 mechanism. It is likely that it is through off-target, non-COX-1-mediated pathways that ASA 
exerts an anti-infl ammatory benefi t. CysLT receptor production, as well as several other infl ammatory pathways in AERD, 
is dependent on IL-4. It is certainly possible that the benefi cial effects of aspirin desensitization may be mediated by blocking 
IL-4 activity. This concept is worthy of further extensive study. 

 It is unclear why this possible anti-IL4 effect of aspirin in AERD is not effective in the approach to patients with nasal 
polyps or asthma that do not have AERD. It is still unknown why aspirin therapy is only effective in AERD, as well as why 
AERD only occurs in a minority of patients with a similar phenotype of chronic sinusitis, nasal polyposis, and asthma.  

    Concomitant Allergic Diseases of the Sinuses 

 Aspirin desensitization in AERD can be achieved in nearly every patient, but approximately 10–15 % of patients will not 
receive benefi t from ongoing aspirin therapy. It is unknown why not all patients obtain benefi t from aspirin therapy, particu-
larly since there is such a consistent phenotype to this infl ammatory disease of the sinuses. It is likely though that in addition 
to AERD, many of these patients may have severe allergic rhinitis and some also may develop allergic fungal sinusitis. Some 
patients also may be found to have a humeral immunodefi ciency. Therefore, clinicians must be persistent in evaluating and 
treating these conditions when they coexist with AERD.  

    Additional Therapies for Asthma 

 AERD is a condition that involves the entire respiratory tract. While ASA is a proven therapy for AERD, it is not a cure, and 
when patients have symptoms of asthma, it is critical that asthma symptoms be treated. Generally, most AERD patients will 
likely require an inhaled corticosteroid for control of lower airway infl ammation with systemic corticosteroid use in cases of 
severe exacerbations. A stepwise approach to asthma therapy has been published as a national guideline, and an updated 
version should be referenced when determining starting medication as well as maintaining asthma control. Close monitoring 
of symptoms and treatment from a trained physician along with objective measurements such as FEV1 is recommended. In 
the case of AERD, asthma maintenance requires great care given the morbidity and possible mortality issues that arise given 
the severity of the asthma.   
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    Conclusion 

 AERD is defi ned by concurrent condition of chronic rhinosinusitis with nasal polyposis, asthma, and aspirin/NSAID sensi-
tivity. The sensitivity to aspirin and other NSAIDs presents as upper and/or lower airway reactions including naso-ocular 
reactions and shortness of breath from laryngospasm and/or bronchospasm. Patients with presumed AERD should avoid 
aspirin and other NSAIDs. Patients who have AERD can be diagnosed clinically; however, only aspirin challenge can con-
fi rm the diagnosis.    Aspirin desensitization can both allow patients with AERD to tolerate aspirin and other NSAIDs as well 
as aid in the treatment of AERD. The management of AERD requires vigilant treatment of all the components of AERD with 
multiple controller agents as exacerbation of each condition can overlap and affect the overall disease state of AERD.     
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    Chapter 13   
 Headache and Sinonasal Disease 

             Michael     J.     Marmura       and     Stephen     D.     Silberstein     

           Introduction 

    Headache disorders are extremely common in clinical practice and frequently cause frontal or sinus pain and pressure. Many 
patients attribute their symptoms to sinus pathology, which may bring them to the attention of an otolaryngologist and aller-
gist. Primary headache disorders, such as migraine and cluster headache, which commonly produce associated autonomic 
symptoms, such as tearing, ptosis, rhinorrhea, conjunctival injection, or facial fl ushing, may cause patients or clinicians to 
wrongly diagnose “sinus headache” [ 1 ]. 

 Clinicians who treat sinus disease should be familiar with common headache disorders, such as migraine and tension-type 
headache, and trigeminal autonomic cephalalgias, such as cluster headache, that present with frontal pain. Sinusitis, more 
accurately rhinosinusitis, does not usually cause severe headache and is usually diagnosed on the basis of clinical symptoms 
and imaging studies. Sphenoid sinusitis, however, may present with intractable headache without typical sinusitis symptoms. 
The anatomy of the nasal cavity may contribute to headache presentation or location and may cause chronic pain. This chap-
ter focuses on the common headaches that might present with frontal headache, reviews common secondary headaches, and 
outlines the diagnosis and treatment of headache associated with sinusitis.  

    Headache Disorders and the Sinus 

 Headache and rhinosinusitis are both extremely common. In most cases diagnosing either is relatively straightforward. Many 
patients will not seek medical attention for mild cases of either disorder. Acute rhinosinusitis usually involves nasal airway 
infl ammation and infection of one or more paranasal sinuses. Viral infections are the most common cause of upper airway 
infl ammation and up to 2 % of patients develop bacterial infections [ 2 ]. Common symptoms include nasal discharge, tooth pain, 
anosmia or hyposmia, pain when bending forward, fever, malaise, and facial pain or headache. The sinus areas affected predict 
the pain’s location, but severe headache is relatively uncommon. In fact, the sinuses are not particularly pain sensitive [ 3 ]. 

 Recurrent frontal headache in a patient without signs of sinusitis is more typically caused by a primary headache disorder. 
Migraine and other headaches commonly produce frontal or facial pain during attacks. Nasal congestion is a common 
migraine prodrome [ 4 ]. Parasympathetic fi bers of the sphenopalatine ganglion and their surrounding blood vessels in the 
pterygopalatine fossa commonly produce autonomic symptoms that may be mistaken for sinus disease in association with 
headache attacks [ 5 ]. These autonomic symptoms, common in migraine and obligatory in cluster headache (CH), include 
nasal congestion or rhinorrhea, conjunctival injection or lacrimation, and eyelid edema.  
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    Referred Pain and Wolff’s Experiments 

 The phenomenon of referred pain is well known to health-care providers with examples such as shoulder pain being triggered 
from gall bladder or cardiac dysfunction. Although the exact mechanisms remain obscure, the concept of axonal refl ex initi-
ated through the nasal mucosa and the release of neuropeptides has long been discussed [ 6 ] (Fig.  13.1 ). Harold Wolff, in his 
classic experiments in the 1940s, defi ned patterns of referred pain from stimulating the various points in the nasal cavity [ 7 ] 
(Table  13.1 ). Wolff evaluated the pain distribution and intensity referred from stimulating the nasal and sinus mucosa of 
human volunteers with a blunt probe, faradic electric current, and epinephrine-soaked cotton pledgets. His study group was 
composed of fi ve normal subjects, ten subjects who were post-complete excision of a left acoustic neuroma with facial nerve 
resection, fi ve with CRS, four with acute rhinosinusitis, and one subject with an oroantral fi stula. Wolff came to three basic 
conclusions:

      1.    The mucosa covering the sinus ostia are the most pain-sensitive areas in the sinonasal cavity, followed by the turbinates, 
and then the septum and mucosa within the sinuses.   

   2.    Stimulation within the sinonasal cavity produced referred pain rather than pain at the site of stimulation.   
   3.    If a headache was not associated with infl ammation and engorgement of the turbinates, it was in all probability not 

referred from nasal and sinus structures [ 8 ].    

  Subsequent studies have suggested that the middle turbinate is more sensitive than the inferior turbinate using a pressure 
probe and gives credence to the nasal contact point theory as a possible headache source (see below) [ 9 ]. 
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  Fig. 13.1    Diagram depicting how an intranasal irritant stimulus (mechanical, thermal, chemical, or infl ammatory) can induce referred refl ex pain 
in other areas in the distribution of the trigeminal nervous system, as well as autonomic phenomena. The intranasal stimulus initiates an ortho-
dromic sensory impulse back to the CNS. However, the signal may also get rerouted along other branches of the stimulated nerve (antidromic 
conduction). These branches innervate pain-sensitive structures such as the dura, eye, and skin of the scalp. The release of substance P ( SP ) as a 
result of antidromic conduction at these other peripheral terminals leads to infl ammatory events pictured. Since SP-immunoreactive nerves have 
been found in high concentration around the sphenopalatine ganglion, refl ex parasympathetic stimulation may also ensue. The CNS probably 
modulates incoming impulses through a variety of mechanisms, including the infl uence of enkephalins ( EK ) (Reprinted from Clerico [ 6 ]. With 
permission from John Wiley & Sons, Inc.)       
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 The chemosensory innervation of the nasal respiratory epithelium has been more recently investigated, and the informa-
tion sheds some light on why certain individual patients complain of headache from nasal stimuli and sinus infection while 
others do not. The nasal mucosa is the fi rst tissue of the body to have contact with potentially toxic agents within the inhaled 
airstream. Consequently, a number of protective neurovascular mechanisms are associated with the nasal mucosa. The nasal 
respiratory epithelium is densely innervated by the fi rst and second branches of the trigeminal nerve. This intranasal sensory 
system provides feedback to protective neuromechanisms about our airborne environment. Thus, humidity, temperature, and 
irritation of inhaled air are all directly analyzed. Many agents, such as dust, smoke, or irritative gases such as some perfumes, 
activate trigeminal nerve fi bers that innervate the epithelium, triggering local axon refl exes. These have been shown to gener-
ate, for example, calcitonin gene-related peptide and substance P liberation and nasopulmonary refl exes such as sneezing and 
coughing to prevent noxious substances from entering the respiratory system [ 10 ]. Innervation of the nasal/sinus epithelium 
depends on two major trigeminal fi ber systems: the unmyelinated C-fi bers and the myelinated Ad-fi bers [ 11 ]. C-fi bers stimu-
lation induces a burning pain sensation and Ad-fi bers mediate a sharp, stinging sensation [ 12 ]. 

 A number of studies have established that intranasal trigeminal fi bers act as a detection system for noxious chemicals and 
trigger a protective respiratory response [ 13 – 16 ]. 

 The nerve endings of trigeminal fi bers in the nasal mucosa are not covered by squamous epithelium which provides most 
chemicals and infl ammatory mediators ready access to receptors that innervate the nasal mucosa and increases their sensitiv-
ity to painful stimuli [ 17 ]. In a study by Meusel et al., the authors found that trigeminal sensitivity of the human nasal mucosa 
varies in relation to the site of stimulation and to the type of chemical irritants with the posterior region of the nasal cavity, 
namely, the posterior septum and the lateral side wall of the posterior nasal cavity, being the most sensitive to noxious stimuli 
[ 18 ]. Several authors have shown specifi c distribution patterns of sensory immune reactivity and sensitivity within the nasal 
mucosa. For example, Scheibe et al. showed repeatedly that the anterior nasal septum is more sensitive to stimulation by 
CO2, ethyl acetate, and acetic acid compared with other locations within the nasal cavity [ 19 ]. Frasnelli et al. reported that 
the anterior region is more sensitive to chemical irritation, while the opposite is true for mechanical stimulation [ 20 ]. Taken 
together, these observations indicate that irritants entering the nasal cavity trigger a defense mechanism in the human airway. 
The posterior region of the nose appears to be specifi cally responsive to pungent and cooling agents, and the middle turbinate 
and septal wall to pressure and some noxious stimuli. 

 In summary, these studies suggest that the chemosensory system within the respiratory mucosa of the nasal cavity is not 
homogeneous but rather heterogeneous with various specifi c functions. It is not unreasonable to consider that some patients, 
through the irritant effect of noxious stimuli (such as perfume, smoke, gases) or a neurovascular response to a milieu of 
infl ammatory mediators, can experience pain and a headache through trigeminal nerve receptor stimulation from inspired air 
or from a mucosal impaction site.  

   Table 13.1    Summary of 
Wolff’s intranasal 
stimulation studies on 
human volunteers   

 Site stimulated  Pain intensity  Pain quality  Pain distribution 

 Nasopharynx  1+ to 2+  Aching  Throat 
 Septum  1+ to 2+  –  Local 
  Middle  Zygoma, preauricular 
  Ethmoid  Outer, inner canthus 
 Inferior turbinate  4+ to 6+  Dull, aching 
  Anterior  Upper teeth 
  Middle  Under eye, zygoma, ear 
  Posterior  Same as above 
 Middle turbinate  4+ to 6+  –  Zygoma, ear, temple 
 Superior turbinate  –  Medial canthus, forehead, lateral nose 
 Natural maxillary os  6+ to 9+  Sharp, burning  Local, nasopharynx, molars, zygoma, temple 
 Nasofrontal duct  5+ to 7+  –  Medial canthus, under eye, zygoma, temple 
 Frontal sinus  1/2+  –  Forehead 
 Ethmoid sinus  5+ to 6+  – 
  Anterior  Over eye, medial canthus, upper jaw, deep in eye 
  Posterior  Aching  Upper teeth, lateral canthus, lateral nose 
 Sphenoid sinus 
  Anterior wall  5+ to 6+  –  “Deep in head,” over eye, upper teeth 
  Interior  1+ to 2+  Vertex of skull 
 Maxillary sinus  Mild  – 
  Roof  Eye 
  Lower lateral wall  Jaw, molars 

  Based on data from Ref. [ 7 ]  
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    Primary Headache Disorders 

    Migraine 

 Migraine is a very common, highly disabling primary headache disorder. Attacks consist of moderate to severe pain that is 
often unilateral, with a throbbing or pulsating quality that is aggravated by movement. Associated symptoms, such as nausea 
or vomiting and autonomic dysfunction, are common and physical activity usually worsens symptoms. During migraine, most 
sufferers are sensitive to light (photophobia), noise (phonophobia), and odors (osmophobia). Multiple triggers, including 
stress, foods, weather changes, menstrual changes, or sleep changes, can lead to attacks. About 20 % of patients experience an 
aura involving neurologic symptoms. Visual auras are the most common [ 21 ]. Migraine has a 1-year prevalence of approxi-
mately 18 % in women and 8 % in men and is most common between the ages of 25 and 55 [ 22 ]. If the headaches occur fewer 
than 15 days per month, it is classifi ed as episodic migraine; if headache occur 15 or more days per month (of which at least 
8 are migraine), it is classifi ed as chronic migraine [ 1 ]. Individuals with migraine cannot work the equivalent of 1 day per 
month on average, although the most disabled patients account for the majority of those on disability [ 23 ]. Patients who have 
a recurrent headache accompanied by nausea, light sensitivity, or any disability overwhelmingly have migraine [ 24 ]. 

 The current accepted criteria for migraine without aura are as follows [ 1 ]: 
 Diagnostic criteria:

    A.    At least fi ve attacks fulfi lling criteria B–D   
   B.    Headache attacks lasting 4–72 h (untreated or unsuccessfully treated)   
   C.    Headache has at least two of the following characteristics:

    1.    Unilateral location   
   2.    Pulsating quality   
   3.    Moderate or severe pain intensity   
   4.    Aggravation by or causing avoidance of routine physical activity (e.g., walking or climbing stairs)       

   D.    During headache at least one of the following:

    1.    Nausea and/or vomiting   
   2.    Photophobia and phonophobia       

   E.    Not attributed to another disorder     

 Migraine is now recognized as a neurologic disorder that is generally inherited. It is estimated that about 70–80 % of 
migraine sufferers have a relative with migraine [ 25 ]. Migraine and severe headaches are often underreported in fi rst-degree 
relatives in family history interviews, meaning a negative family history may underestimate the true prevalence [ 26 ]. 

 Although rhinosinusitis is common, moderate or severe headache is more likely to indicate migraine. Because migraine 
and other primary headaches often present with frontal, ocular, or facial pain, patients or clinicians may falsely attribute their 
symptoms to sinus disease. Making an accurate diagnosis reassures the patient, prevents unnecessary diagnostic testing, and 
allows better treatment with migraine-specifi c medications [ 27 ]. 

 The ICHD-II does not recognize chronic rhinosinusitis as a cause of headache. Many patients or clinicians incorrectly 
diagnose primary headache disorders as “sinus headache” due to the location of their pain or the parasympathetic symptoms 
that accompany attacks. Eross and colleagues evaluated 100 consecutive patients with self-diagnosed sinus headache. The 
actual diagnoses were migraine (52 %), probable migraine (23 %), chronic migraine (11 %), other unclassifi able headaches 
(9 %), cluster headaches (1 %), and hemicrania continua (1 %). Only 3 % of patients could be accurately diagnosed as head-
ache attributable to rhinosinusitis [ 28 ]. Nasal congestion was present in 73 % of patients and postnasal drip in 56 %. Most 
reported pain is triggered by changes in weather or season, and many noted changes with allergies or altitude, which are also 
common migraine triggers [ 29 ]. 

 Orbital or retro-orbital pain, rhinorrhea, nasal congestion, miosis, lacrimation, and facial sweating are common in both 
primary headache disorders and rhinosinusitis. The proximity of the parasympathetic nerves to the trigeminal nerves may 
explain this overlap.  

    Cluster Headache and Other Trigeminal Autonomic Cephalalgias 

 Trigeminal autonomic cephalalgias (TAC) are a group of primary headache disorders characterized by unilateral headache 
and autonomic features. Cluster headache is the most common, with a prevalence of up to 3 per 1,000 persons [ 30 ]. 
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 The current accepted criteria for cluster headache are as follows [ 1 ]:

    A.    At least fi ve attacks fulfi lling criteria B–E   
   B.    Severe or very severe unilateral orbital, supraorbital, and/or temporal pain lasting 15–180 min if untreated   
   C.    Headache is accompanied by at least one of the following:

•    Ipsilateral conjunctival injection and/or lacrimation  
•   Ipsilateral nasal congestion and/or rhinorrhea  
•   Ipsilateral eyelid edema  
•   Ipsilateral forehead and facial sweating  
•   Ipsilateral miosis and/or ptosis  
•   A sense of restless or agitation      

   D.    Attacks occur from one every other day to eight per day   
   E.    Not attributed to another disorder    

  Unlike migraine, cluster headache is more common in men. Recent case series report the male to female ratio to be 
between 2.5:1 and 3.5:1. Cluster headache can begin at any age, but most commonly begins in the second to fourth decade 
of life. The majority of cluster headache sufferers are smokers and may be more likely to consume excessive coffee. About 
4 % of patients have a family history of cluster headaches. Cluster headache is 5–18 times more common in fi rst-degree rela-
tives, suggesting a genetic link for the disease [ 31 ]. 

 Cluster headache is one of the most painful conditions we see in clinical practice. The pain typically becomes maximally 
intense within 10 min. Attacks often occur with circadian patterns, often nocturnally starting about 1–2 h after sleep onset. 
This suggests a correlation with the rapid eye movement sleep stage and may be related to oxygen desaturation and obstruc-
tive sleep apnea in some patients [ 32 ]. Light and sound sensitivity are unusual, but alcohol is a common trigger for attacks. 
Common pain descriptors include burning, boring, or screwing. Some patients report a feeling of a “hot poker in the eye.” A 
minority of patients experience throbbing or pulsating pain [ 33 ]. Some patients experience fl uctuations of pain during an 
attack, and a few experience milder head pain between attacks [ 34 ]. Cluster headache pain is typically located over the retro- 
orbital, supraorbital, or temporal area, but may occur in the jaw, cheek, teeth, ear, nose, or neck. 

 Many patients report seasonal attacks, with cycles of attacks lasting weeks to months, with periods of remission. The major-
ity of cluster headache patients experience cycles of attacks about twice a year to every 2 years, although some patients go 
many years between cycles. A typical cycle lasts 1–3 months, often with a seasonal pattern, with the cycle always beginning 
around the same month of the year. Cluster headache attacks tend to be milder at the beginning and near the end of a cycle. 

 Treatment of acute cluster headaches includes sumatriptan injection and inhaled oxygen. Oxygen may work by blocking 
the release of infl ammatory neuropeptides, including calcitonin gene-related peptide [ 35 ]. Given the frequent nature of cluster 
headaches, preventive treatment is usually indicated, and corticosteroids are often effective for short-term use in CH cycles. 

 Differentiating between migraine and cluster headache is usually straightforward, but occasionally the disorders overlap 
[ 36 ]. The following table reviews the distinguishing features of these two distinct diseases (Table  13.2 ).

   Paroxysmal hemicrania is a trigeminal autonomic cephalalgia with shorter-lasting (usually 5–30 min), unilateral attacks 
that occur 5 or more times per day, accompanied by autonomic symptoms. The disorder resolves completely with therapeutic 
doses of indomethacin. Short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing 
(SUNCT) are very short lasting (5 s to 4 min), with orbital or frontal pain. Autonomic symptoms are usually dramatic, and 

   Table 13.2    Migraine and cluster headache: clinical features   

 Clinical features  Migraine  Cluster 

 Severe attacks  >4 h  2 h or less 
 Side  Often bilateral  Strictly unilateral 
 Location  Frontal, occipital, ocular, temporal, neck  Usually ocular 
 Character of pain  Usually throbbing/pulsating  Often boring, stabbing 
 Onset and cessation  Usually gradual  Rapid 
 Movement/activity  Worsens symptoms  May improve symptoms 
 Autonomic features  Occasionally  Always 
 More common in  Women  Men 
 Attacks triggered by alcohol  Common, but headache hours later  Almost always, often severe within minutes 
 Response to subcutaneous sumatriptan  Usually  Almost always 
 Response to high-fl ow oxygen  Unknown  Usually 
 Seasonal attacks  Occasionally  Common 
 Circadian periodicity  Uncommon  Very common 

13 Headache and Sinonasal Disease



214

patients may experience dozens or even hundreds of attacks per day. Hemicrania continua is a strictly unilateral, constant 
headache with milder autonomic features. Technically, hemicrania continua is not a trigeminal autonomic cephalgia, but it 
does have an absolute response to indomethacin [ 1 ]. 

 Multiple case reports of secondary trigeminal autonomic cephalgias exist in the literature, and neuroimaging should be 
performed if any unusual features are present (Table  13.3 ).

   A recent area of interest is the use of sphenopalatine ganglion blockade or stimulation to treat cluster headaches and other 
disorders characterized by headache and autonomic symptoms. Blocking the sphenopalatine ganglion after endoscopic sur-
gery appears to improve postoperative analgesia [ 37 ]. Intranasal lidocaine has been proposed as a possible treatment of 
cluster headaches [ 38 ]. Stimulating the sphenopalatine ganglion may be effective in both the acute and chronic treatment of 
migraine and particularly cluster attacks [ 38 – 40 ].  

    Facial Pain and Trigeminal Neuralgia 

 Trigeminal neuralgia is a short-lasting, sharp, and distinct pain in the face, usually lasting only seconds. This shock-like pain 
may be precipitated by touching the affected area or by seemingly trivial stimuli, such as wind or talking. Trigeminal neural-
gia is most common in elderly patients (ICHD 2004) and felt to be related to compression of the trigeminal nerve by a vas-
cular loop in most cases [ 1 ,  41 ]. Secondary causes, such as multiple sclerosis and posterior fossa tumors, have been described, 
but sinus disease does not usually cause TN [ 42 ]. Most individuals have pain-free periods between attacks, but others have 
constant pain, and these patients have a worse prognosis [ 43 ]. The attacks are typically located in multiple areas with V2 and 
combinations such as V2 and V3 being the most common distribution.   

    Secondary Headaches 

    Headache Attributed to Sinusitis 

 Rhinosinusitis is a common illness characterized by nasal discharge (sometimes purulent), nasal congestion, hyposmia or 
anosmia, facial pain or headache worse with bending forward, fever, malaise, maxillary tooth pain, halitosis, and pain with 
mastication. Rhinosinusitis is divided into four categories based on the time frame and symptoms of the disease as follows:

•     Acute rhinosinusitis : One day to 4 weeks, usually viral if less than 7 days, often bacterial if >1 week, with complete reso-
lution of symptoms  

•    Recurrent rhinosinusitis : Four or more episodes of at least 7 days in a year  
•    Subacute rhinosinusitis:  Four to 12  weeks   
•    Chronic rhinosinusitis:  Signs or symptoms last more than 12 weeks    

 The International Classifi cation of Headache Disorders, 2nd edition defi nes headache attributed to rhinosinusitis as fol-
lows [ 1 ]:

    A.    Frontal headache accompanied by pain in one or more regions of the face, ears, or teeth, fulfi lling criteria C and D.   
   B.    Clinical, nasal endoscopic, CT and/or MRI imaging, and/or laboratory evidence of acute or acute-on-chronic rhinosinusitis.   

   Table 13.3    Mimics of trigeminal autonomic cephalalgias   

 Condition  Distinguishing features 

  Ophthalmic disorders  
 Acute angle-closure glaucoma  Severe conjunctival injection, pupil poorly reactive, mid-dilated, cloudy cornea, elevated intraocular pressure 
 Corneal erosion  Sharp pain, moderately injected, dull cornea, vision loss 
 Optic neuritis  Vision loss, afferent papillary defect 
  Vascular disorders  
 Carotid/vertebral dissection  Thunderclap onset (both), facial pain, Horner’s syndrome (carotid), neck pain, cerebellar symptoms 

(vertebral) 
 Giant cell arteritis  Jaw claudication, polymyalgia rheumatica, amaurosis fugax, increased sedimentation rate and/or c-reactive 

protein 
 Pituitary tumors  Visual fi eld loss, endocrine abnormalities (elevated prolactin) 
 Herpes zoster (V1)  Rash, severe allodynia, cranial nerve palsies 
 Multiple sclerosis  Acute SUNCT during an exacerbation has been reported 
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   C.    Headache and facial pain develop simultaneously with onset or acute exacerbation of rhinosinusitis.   
   D.    Headache and/or facial pain resolves within 7 days after remission or successful treatment of acute or acute-on-chronic 

rhinosinusitis.    

  Headache location and severity, however, does  not  predict the presence of infection [ 44 ]. Other symptoms such as maxil-
lary toothache are more predictive of sinusitis but less common. Hyposmia and purulent nasal discharge are strong predictors 
of sinus infection [ 45 ,  46 ]. 

 The clinical predictors of rhinosinusitis are shown in Table  13.4 .
   The four major pairs of sinuses and their association with pain are as follows:

•     Maxillary sinuses:  The largest sinuses, the maxillary sinuses, are present at birth and located anteriorly within the maxilla. 
Acute infl ammation can cause pain in the cheeks, upper teeth (particularly molar), and jaw (Fig.  13.2 ).

  Table 13.4    Predictors of rhinosinusitis  

 Major  Minor 

 Maxillary toothache  Cough 
 Abnormal transillumination  Ear pain/fullness 
 Purulent or colored nasal discharge  Halitosis 
 Poor response to decongestants  Headache 
 Fever (acute only)  Fatigue 
 Anosmia/hyposmia  Fever (chronic) 
 Facial pain/pressure a  

   a Facial pain/pressure must be accompanied by other major 
nasal symptom or sign for the diagnosis of rhinosinusitis  

  Fig. 13.2    Area of pain in acute maxillary sinusitis (Courtesy of David W. Kennedy, MD, FACS, FRCSI)       
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•       Ethmoid sinuses : Located between the eyes, behind the bridge of the nose, the ethmoid sinuses are present and fi lled with 
fl uid at birth but become pneumatized in the fi rst year of life. Infl ammation tends to cause pain behind the eyes and nose 
(Fig.  13.3 ).

•       Frontal sinuses : Located above the eyes, these sinuses variably develop by about 6 years of age and can be unilateral. 
Infl ammation may cause pain in the forehead (Fig.  13.4 ).

•       Sphenoid sinuses:  Located behind the eyes and nasal structures, the sphenoid sinuses are present at birth, but pneumatiza-
tion does not begin until around age three. Infl ammation may produce earache, deep aching at the vertex, and neck pain 
(Fig.  13.5 ).  Neurologic symptoms can also be generated from the  cavernous sinuses, which are lateral to the sphenoid 
sinus and contain the third, fourth, fi fth, and sixth cranial nerves and the internal carotid arteries. Symptoms of cavernous 
sinus syndrome include ophthalmoplegia, proptosis, Horner syndrome, and trigeminal sensory loss. Potential causes of 
neurologic symptoms associated with the sphenoid sinus and cavernous sinus include infection, infl ammatory disorders 
such as Tolosa-Hunt syndrome, vascular problems such as internal carotid artery aneurysm, trauma, and neoplasm.

          Sphenoid Sinusitis and Its Unique Association with Headache and Other Neurologic Symptoms 

 Maxillary, frontal, and ethmoid sinusitis are usually associated with nasal discharge and may be diagnosed with direct 
examination, endoscopy, or CT scanning. Clinicians are usually able to identify most cases of acute, subacute, and 

  Fig. 13.3    Area of referred pain in acute ethmoid sinusitis (Courtesy of David W. Kennedy, MD, FACS, FRCSI)       
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chronic sinusitis. However, about 3 % of those with sinusitis have sphenoid sinusitis, which, due to its location, is dif-
fi cult to diagnose clinically without radiographic or endoscopic confi rmation. Symptoms such as postnasal drip or dis-
charge are less common in sphenoid sinusitis and headache becomes more common. In a case series of 30 patients, 
headache was the most prominent symptom [ 47 ]. The headache of sphenoid sinusitis is often severe, with either frontal, 
retro-orbital, or temporal pain. Pain may radiate to the occipital or trigeminal (V1–V3) regions. Usually sphenoid sinus-
itis occurs with pansinusitis, but it may occur alone, causing acute or subacute headache. Mucocele and neoplasm are 
potential noninfectious causes of sphenoid sinus disease and should be considered in the differential diagnosis [ 48 ] 
(Table  13.5 ).

   Sinus infections, especially sphenoid sinusitis, may produce serious complications when the diagnosis is missed or treat-
ment is ineffective, leading to head pain and a variety of neurologic abnormalities depending on the location of the complica-
tion. Those serious medical conditions are summarized as follows:

    1.    Orbital diseases (cellulitis, edema, abscess)   
   2.    Epidural or cerebral abscess   
   3.    Meningitis   
   4.    Superior sagittal sinus thrombosis   
   5.    Cavernous sinus thrombosis, ophthalmoplegia   
   6.    Pituitary insuffi ciency   
   7.    Mucocele (retention cyst)      

  Fig. 13.4    Areas of referred pain seen in acute frontal sinusitis (Courtesy of David W. Kennedy, MD, FACS, FRCSI)       
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    Nasal or Contact Point Headache 

 Physicians for years have pondered on whether or not the existence of chronic headache can be due to nasal contact points 
on sensitive structures (Fig.  13.6 ). Septal deformations with a contact point on the lateral nasal wall may produce episodic 
or transient headache. McAuliffe et al. reported that the nasal turbinates and sinus ostia were more sensitive than the general 
nasal lining of the septum and sinuses [ 49 ]. These abnormalities may be ignored by radiologists and should be considered in 
cases of headache refractory to standard therapy. ENT evaluation may be useful, and intranasal blockade with an anesthetic 
such as lidocaine may confi rm the diagnosis. If diagnosed correctly, removal of the contact point may improve headaches.

   Given that these radiologic abnormalities are common in patients without headache, it is unclear if contact point headache 
can occur without a central disorder, such as a genetic predisposition to migraine or headache. Schønsted-Madsen et al. noted 
that successful surgical intervention that relieved sinus obstruction was most effective in relieving sinusitis-associated head-
ache [ 50 ]. A lack of controlled trials makes the relationship between contract points and headache diffi cult to determine [ 51 ] 
(Figs.  13.7  and  13.8 ).

        Low-Pressure Headache 

 Low-pressure headache is characterized by orthostatic head pain. The most common cause is a leak of cerebrospinal fl uid 
(CSF), usually in the cervical spine. MRI of the brain with gadolinium is usually abnormal and suggests a CNS origin to the 

  Fig. 13.5    Patterns of referred pain in acute sphenoid sinusitis (Courtesy of David W. Kennedy, MD, FACS, FRCSI)       

  Table 13.5    Common clinical 
features of sphenoid sinusitis  

 Interferes with sleep  Progressive symptoms 

 Facial paresthesias  Fever 
 Visual loss/cranial nerve palsies  Not relieved with analgesics 
 Occipital, periorbital, or temporal (less often vertex) 

headache 
 Aggravated by standing, walking, bending, 

or coughing 
 Nausea and vomiting  Eyelid ptosis 
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head pain. Other common abnormalities seen in this setting include pachymeningeal enhancement, low-lying cerebellar 
tonsils, subdural fl uid collections, engorged pituitary and venous sinuses, and small ventricles [ 52 ,  53 ]. Multiple cases of 
CSF rhinorrhea due to nasal trauma, pituitary tumor, or iatrogenic complications of sinus surgery have been described, often 
with headache as a prominent symptom [ 54 ]. However, it is unclear if CSF rhinorrhea always causes orthostatic headache 
when present. 

 The primary goal of endoscopic surgery to repair CSF leaks is to prevent ascending meningitis [ 55 ]. Neuroimaging is 
indicated whenever CSF leak is suspected. Cisternography with nasal pledgets is useful in confi rming the diagnosis. CSF 

a b

  Fig. 13.6    Schematic demonstrating the phenomenon of mucosal contact causing a pain refl ex with hyperalgesia. ( a ) Depicts two mucosa-covered 
structures with intact sensory supply in close approximation but not contacting each other. ( b ) Demonstrates that with mucosal contact, such as by 
the continued pneumatization of a concha bullosa or the continued growth of a septal spur ( arrows ), sensory stimulation results in the transmission 
of an electrical signal back to the CNS ( arrow heads ), as well as the release of neuropeptides (such as SP) at the site of stimulation and the sur-
rounding mucosa ( shaded area ). This local release of SP excites other free nerve endings and induces infl ammatory changes in the mucosa       

  Fig. 13.7    Left-sided septal spur ( asterisk ) impacting the inferior 
turbinate ( IT ) as seen with a 0° nasal telescope. Injection of the spur 
with local anesthesia abolished the patient’s pain, suggesting that the 
septum, rather than the inferior turbinate, was the cause of pain.  MT  
middle turbinate       
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leaks from the skull base producing orthostatic headache are exceedingly rare. Scheivink et al. report no cases of CSF leaks 
at the skull base in 273 consecutive cases at a large tertiary center [ 56 ].  

    Allergy and Headache 

 Although sinus congestion and tearing are common in migraine due to parasympathetic activation, headache in this setting 
is rarely related to sinus disease. In contrast, there appears to be an increased prevalence of migraine in persons with allergic 
rhinitis or atopy who, in turn, experience a higher frequency of sinus disease [ 57 ,  58 ]. Allergic rhinitis, like migraine, is an 
extremely common disorder that typically presents in early adulthood. Martin et al. evaluated 536 consecutive patients pre-
senting at an allergy clinic, 174 of whom met criteria for migraine. In this group, the treatment of allergies with immuno-
therapy was signifi cantly associated with less migraine frequency and disabling discomfort. This study supports some 
causative or infl uencing connection between atopic disorders and migraine headaches [ 59 ].   

    Conclusion 

 Many patients conclude that facial pain, with or without congestion, is a sinus-related event. Scientifi c evidence points to the 
exact opposite conclusion. This is particularly true for the head pain sufferer who has no direct evidence of airway infl am-
mation and normal sinus CT imaging where the majority of such patients are found to be experiencing migraine headaches. 
It is important for the primary care provider to look closely for defi nitive signs and symptoms of sinus infection before pre-
scribing antibiotics for a patient whose primary complaint is headache. The otolaryngologist must be cautious in associating 
variations in nasal structural and/or abnormal sinus CT fi ndings of mucosal thickening as a source of an individual patient’s 
head pain. Though a higher proportion of atopic patients experience migraine headaches as compared to the general popula-
tion, the allergist must be cautious in identifying atopic triggers as a source of head pain or suggesting that the treatment of 
atopic disease will resolve a head pain problem. The triggers and sources of a headache problem are potentially as heteroge-
neous as the neuroreceptor responses of the nasal mucosa.     

  Fig. 13.8    Left nasal contact    point (arrow) in a patient with chronic 
migraine (Reprinted from Rozen [ 51 ]. With permission from Wolter 
Kluwers Health)       
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    Chapter 14   
 Immunodefi ciency and Sinus Disease 

             Stephen     J.     McGeady       and     Gary     A.     Incaudo     

          Introduction 

 The hallmark    of immune defi ciency is recurrent, unusual, or persistent infection. Primary immune defi ciency diseases (PID) 
refer to a genetically heterogenous group of disorders in which different components of the host defense system are intrinsi-
cally impaired. There are more than 120 genes that have been implicated in PID which account for more than 180 primary 
immunodefi ciency diseases described and the number keeps expanding [ 1 ]. Primary immunodefi ciency diseases are com-
monly recognized due to recurrent or diffi cult to treat sinopulmonary or gastrointestinal tract infections, organ abscesses, 
autoimmunity, or systemic signs, such as prolonged fever or failure to thrive. Although the clinical characteristics of PIDs 
are widespread, they commonly present with chronic or recurrent airway infections such as recurrent sinopulmonary infec-
tions and chronic otitis media. Their infrequency suggests that screening for immunodefi ciency is  NOT  necessary with iso-
lated episodes of acute bacterial rhinosinusitis. The probabilities of a positive screening study for PID increase in patients 
with chronic rhinosinusitis refractory to medical therapy and requiring surgical management. This is particularly true of 
primary antibody defi ciency (PAD) disorders. Although there are limited studies defi ning the frequency of PID in CRS, some 
specifi c antibody defi ciencies have been reported in nearly 12 % of recalcitrant CRS surgical patients [ 2 ]. Medical care pro-
viders seeing patients with recurrent or chronic CS must keep PID, particularly PAD on their radar screen. 

 Immune defi ciency can also present secondary to another medical problem. Primary and secondary immunodefi ciencies 
have many clinical similarities in that their clinical presentation results from an immune dysfunction. Secondary immunode-
fi ciencies may occur after immunosuppression to prevent graft rejection after transplantation, during treatment of systemic 
autoimmune disease or cancer with immune-modulating drugs, or during certain viral infections such as human immunode-
fi ciency virus (HIV). HIV can result in a sudden onset of immunodefi ciency and lead to recurrent or fatal infection with 
opportunistic organisms. Additionally, secondary immunodefi ciencies can be seen in B-lymphoproliferative disorders such 
as chronic lymphatic leukemia, myeloma, and Waldenstrom’s macroglobulinemia [ 3 ]. Because of the diversity of immune 
defects, range of ages at clinical presentation, and different clinical manifestations, distinguishing patients with primary or 
secondary immune defi ciencies in clinical practice can be challenging. 

 The incidence and prevalence of PID have been estimated in a patient survey and population-based analysis. The Immune 
Defi ciency Foundation (IDF) provided the fi rst population-based estimate of the prevalence of PID in the United States in 
2005 [ 4 ]. They conducted a national telephone survey of about 10,000 randomly selected households and found that about 1 
in 1,200 individuals in the United States (or 250,000 people) has been diagnosed with PID. The fi rst population-based analy-
sis of the incidence of PID was conducted in Olmsted County, Minnesota (2,000 US census population of 124,277) [ 5 ]. This 
historical cohort study conducted from January 1, 1976, to December 31, 2006, showed that the overall incidence of PID for 
the 31-year period was 4.6 per 100,000 person-years. The rate of PID, as measured in incidence per 100,000 person-years, 
increased from 2.4 from 1976 to 1980, to 5.5 from 1996 to 2000, and to 10.3 from 2001 to 2006. These fi gures suggest that 
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earlier studies likely underestimated the true incidence of PID. The higher incidence fi gures in more recent studies suggest 
better diagnostic techniques and broader health-care provider awareness of PID. In general, with the exception of IgA defi -
ciency, all forms of PID are rare and have an overall prevalence of approximately 1:10,000 live births. 

 A broad classifi cation of PIDs can be primarily based on the chief component(s) of the immune system affected resulting 
in at least four broad categories:

    1.    Defects in adaptive immune responses including primary antibody production (B cell), cellular function (T cell), or com-
bined T and B cell defects   

   2.    Defects in innate immunity, primarily phagocyte-associated defects   
   3.    Toll-like receptor-mediated signaling defects   
   4.    Complement defi ciencies     

 These categories are by no means exclusive, and there can be considerable clinical and immunologic overlap between them. 
There are other approaches to classifi cation that can include immunophenotyping for specifi c PIDs which is beyond the scope 
of this text [ 6 ]. Of    the more than 180 phenotypes of PID, the fi ve most commonly associated most with sinus disease are PADs; 
common variable immunodefi ciency (CVID), IgA defi ciency, Bruton’s XLA, B cell intrinsic immunoglobulin class switch 
recombination (Ig-CSR) defi ciencies (formerly hyper-IgM syndromes), and IgG subclass defi ciency (Table  14.1 ). The reason for 
an increased likelihood of PAD in CRS is thought to be due to antibodies being the principal host immune defense of mucosal 
surfaces. The presence of secreted antibody in the mucus secretions that bathe the mucosal lining of the sinuses and nasal pas-
sages is thought to be essential to resist infection, and some immunodefi ciencies may fail to provide such antibody. The number 
of potentially pathogenic microbes in inspired air to which these mucosal surfaces are exposed is enormous, and the presence of 
secreted antibody together with innate immune mechanisms is thought to be the bulwark of host defense.

   A comprehensive review of all PID disorders is beyond the scope of this text. Rather, this chapter will present practical 
information on sinusitis-associated immune defi ciency disorders and present some differentiating features of several impor-
tant diseases as they relate to age and clinical presentation. We will then review an approach that uses the most basic tests 
and clues in patients with CRS to begin an assessment of immunity in patients who are suspected of having underlying 
immune defi ciency. A review of some of the more specifi c and sophisticated methods of diagnosis is included. Finally, a brief 
overview of treatment will be described to familiarize a medical care provider with concepts of antibody defi ciency treat-
ment. In the end, any patient found to have an immune defi ciency should be referred to a specialist in immunology for a 
consultation and management plan. The most important message in this chapter for primary care, ENT, and allergy special-
ists is to maintain a high index of suspicion and never hesitate to look for immune defi ciency in patients who are not respond-
ing to care as expected, have a family history of PID, have unusual infectious complications from sinusitis or otitis, or present 
with additional sites of recurrent infection beyond the paranasal sinuses and middle ear space.  

   A Primer on the Immune System, B Cell, and Antibody Production 

 The human immune system is a conglomeration of cells and molecules that cooperate to protect the host from infectious 
agents. This immune system also provides a surveillance ability to monitor the integrity of host tissues. Although the immune 
system is incredibly intricate and elaborate, its function can be distilled into two basic roles: recognition of a foreign sub-
stance that is not the host and removal of such agents through a diverse repertoire of cells and proteins that act in concert to 
initiate and complete the removal process. 

 The human body has three levels of immune defense. The fi rst is the  physical barrier  to infection that is provided, in the nose 
and sinuses, by the  mucosal surface . The nose is the body’s air fi lter. Therefore, the mucosal surface is exposed to a wide array of 
infectious agents and toxic materials. Any infectious agent attempting to gain entry to the body must fi rst breach the mucosal 
barrier. The mucosal barrier system of the nose and paranasal sinuses is reviewed in detail in Chap.   3    . The second level of defense 
is the  innate immune system . This is a broad-acting defensive layer that primarily attempts to kill infectious agents from the 
moment they enter the body. The innate immune system recognizes pattern recognition molecules that are foreign to those present 

    Table 14.1    Primary antibody 
defi ciency disorders  

 1. X-linked (Bruton’s or XLA) and autosomal recessive (ARH) hypo-/agammaglobulinemia 
 2. B cell intrinsic immunoglobulin class switch recombination (Ig-CSR) defi ciencies (formerly hyper-IgM 

syndromes) 
 3. Common variable immunodefi ciency (CVID) 
 4. IgG subclass defi ciency 
 5. IgA defi ciency 
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in the body. The key players in the innate immune system include macrophages, neutrophils, and soluble proteins such as comple-
ment and lysozymes. The innate immune system is also responsible for alerting the cells that operate the third level of defense, 
the  adaptive or acquired immune system . The adaptive immune responses take longer to achieve functional signifi cance, perhaps 
4–5 days after the innate immune response has been triggered but is specifi cally designed to react defi nitively with the infectious 
agent. Importantly, the adaptive immune response is capable of improving upon each encounter with a particular infectious agent, 
a process termed immunologic memory responsiveness. This memory adaptive function is carried forward in the body through 
memory lymphocytes without the need for continuous antigen stimulation. 

 The  adaptive immune response  is mediated primarily by two sets of lymphocytes:  T lymphocytes  and  B lymphocytes . These 
cells display specifi c receptors on their surface membranes that can be structured to recognize an almost limitless array of 
foreign structures called antigens. One of the primary and most important products of T and B cell activation are  immuno-
globulins . Immunoglobulins are produced by plasma cells which represent the fi nal stage of B lymphocyte differentiation. B 
cells are divided into two types, referred to as B-1    and B-2 (Fig.  14.1 ). B-1 cells are part of the innate (nonspecifi c fi rst line of 
defense) immune system and produce immunoglobulins (Ig) distinguished by their recognition of self-antigens [ 8 ,  9 ]. B-2 cells 
are present in secondary lymphoid organs and are generally considered to be mediators of adaptive (acquired) immunity [ 10 , 
 11 ]. They include a predominant population of follicular (FO) and a minor population of marginal zone (MZ) B cells within 
the lymph nodes and spleen, both of which can undergo immunoglobulin class switching and differentiate into memory cells.
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  Fig. 14.1    B-1 and B-2 development. B-2 cells ( top ) are produced in the bone marrow after birth. Common lymphoid progenitors ( CLPs ) mature 
sequentially through B cell intermediates into immature sIgM + B cells (shown as “B cell” in fi gure). Immature sIgM + cells migrate to the spleen 
where they mature through B-2 cell transitional 1 ( T1 ) and transitional 2 and 3 ( T2  and  T3 ) stages into follicular ( FO ) or marginal zone ( MZ ) B 
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   B-1 and B-2 cells develop in distinct “waves” during human development. B cells originate from hematopoietic stem cells 
and undergo maturation in the fetal bone marrow and fetal liver. Following birth, the predominant B cell is the B-2 cell which 
undergoes maturation and proliferation in the bone marrow (Fig.  14.2 ) [ 7 ]. In the bone marrow, a rearrangement of the B cell 
receptor genes occurs. Successful expression of the fi rst μ heavy chain followed by either the kappa or lambda light chain on 
the cell surface allows the B cell to differentiate to a mature, antigen-naïve B cell. The mature B cell, with IgM and IgD on 
the surface, then leaves the bone marrow and circulates though the body looking for trouble and understands self from 
non- self. Defects in B cell development lead to a variety of antibody defi ciency states which vary according to the stage in 
maturity in which the block occurs (Fig.  14.3 ). Primary antibody defi ciency disorders (PAD) comprise virtually all the PIDs 
that might present to the primary care provider, pediatrician, otolaryngologist, internist, or allergist for evaluation of chronic 
or recurrent rhinosinusitis and will be discussed next (Table  14.1 ).

       Clinical Patterns in Primary Antibody Defi ciency (PAD) Disorders 

 The heterogeneity of antibody defi ciency disorders produces different clinical presentations although the hallmark of PID, 
recurrent infection, remains a common theme. Patients with PAD can present either in early childhood or in adulthood 
depending on the severity of the disorder. This pattern usually coincides with how early in the B cell development pathway 
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the defect occurs; the earlier the defect, the more clinically severe the disorder. This variability is also not simply based upon 
the degree of antibody defi ciency, but also varies with epigenetic factors such as modifying genetic alterations, age of the 
patient at the time of diagnosis, and environmental exposures [ 13 ,  14 ]. All forms of primary immunodefi ciencies are charac-
terized by increased susceptibility to recurrent infection, severe infections, or both. In addition, given the complexity of the 
human immune system and the wide diversity of immune disorders possible, it is no wonder that PIDs can also present with 
involvement in virtually every organ system in the body. Therefore, we see a broad pattern of clinical disease that can extend 
beyond infection in patients with PADs (Table  14.2 ).

   Typically, PAD patients present a mixed clinical history of recurrent upper and lower respiratory tract infections such as 
sinusitis, otitis media, and pneumonia. Infections can also be seen in other areas such as skin abscesses and urinary tract 
infections. The most common infectious agents are  Streptococcus pneumoniae  and  Haemophilus infl uenzae , but infections 
with  Staphylococcus  and  Giardia lamblia  are also found frequently. Patients with agammaglobulinemia are unusually sus-
ceptible to enteroviral infections [ 15 ]. More serious complications involve clinical entities beyond infection such as granu-
lomatous disease of the lung, liver, and spleen and idiopathic diffuse lymphadenopathy with monoclonal or oligoclonal 
populations of lymphocytes often complicated by splenomegaly. Caring for these comorbidities can be challenging and can 
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sometimes result in thrombocytopenia requiring a splenectomy. Furthermore, autoimmunity such as autoimmune hemolytic 
anemia, lymphoproliferative malignancy such as non-Hodgkin’s lymphoma, and gastric cancer are observed more com-
monly in PAD patients compared to the general population [ 16 ,  17 ] (Table  14.1 ). 

 As always, a good history is the best starting point. Table  14.2  outlines the array of potential problems seen in patients 
with PAD and Table  14.3  the typical presenting symptoms in cohorts with PAD. In any patient with CRS, a single severe 
infection or coexisting lymphoid or granulomatous disease may be the fi rst inference of a primary or secondary underlying 
immune disorder. In general, the fi rst and foremost complaint will be recurrent bacterial infection of the upper and lower 
airway space. Inquiring about the family history is important to be alert to possible genetic disorders although mutations in 
PAD may be new and many PIDs present without a positive family history [ 24 ]. In evaluating any patient with recurrent or 

      Table 14.2    Organ-specifi c complications of PAD         

 Upper airway/ear space 
  Recurrent and/or chronic rhinosinusitis 
  Recurrent and/or chronic otitis media 
  Mastoiditis 
 Lower airway 
  Pneumonia 
  Lung abscesses 
  Bronchiectasis 
  Bronchial wall thickening, bronchitis symptoms 
 Gastrointestinal 
  Atrophic gastritis/pernicious anemia 
  Villous atrophy 
  Infl ammatory bowel disease 
  Celiac disease 
  Chronic diarrhea 
  Infectious diarrhea 
  Nodular lymphoid hyperplasia 
 Hepatic 
  Primary biliary cirrhosis 
  Sclerosing cholangitis 
  Granulomatous liver disease 
  Hepatomegaly 
  Infectious hepatitis (rare) 
 Splenic 
  Splenomegaly with or without generalized lymphadenopathy 
  Thrombocytopenia 
 Hematologic 
  Idiopathic thrombocytopenic purpura 
  Autoimmune hemolytic anemia 
  Neutropenia 
 Neurologic 
  Bacterial infections 
  Idiopathic neurodegenerative disease 
 Rheumatologic 
  SLE particularly juvenile 
  Nonspecifi c arthritis 
  Juvenile rheumatoid arthritis 
 Endocrine 
  Graves disease 
  Type 1 diabetes mellitus 
 Cutaneous 
  Infection/abscess 
  Granuloma formation 
  Erythroderma 
 Malignancy 
  Lymphomas, especially non-Hodgkin’s 
  Epithelial malignancy, especially gastric carcinoma 
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chronic rhinosinusitis, a search for comorbid conditions, particularly pulmonary, autoimmune, and gastrointestinal disorders, 
will help identify those patients who need a more expansive differential diagnosis as to causes.

      Clinical Features of Specifi c Antibody Defi ciency Disorders 

   Early B Cell Developmental Defects 

   Bruton’s and Autosomal Recessive Hypo-/Agammaglobulinemia 

 As shown in Fig.  14.3 , defects in the B cell signaling pathways mediated by Bruton’s tyrosine kinase (Btk) and the adaptor 
B cell linker (BLNK) lead to an arrest at the pro-B cell stage of development. In all cases, there is a block at the pro-B and 
pre-B cell stage of differentiation in the bone marrow resulting in a virtual absence of circulating B lymphocytes seen on 
fl ow cytometry. In contrast to the Btk mutation which is X-linked, mutations in the μ heavy chain (μH), light chain lambda 
5 (λ5), and BLNK cause an autosomal recessive form of agammaglobulinemia [ 25 – 28 ]. As the pre-B cell receptor complex 
has been dissected, two additional defects in pre-B cell function has been more recently identifi ed. Gene mutations in the 
pre-B cell receptor anchoring molecules, CD79a and CD79b, have also been described as generators of agammaglobulin-
emia [ 29 ,  30 ]. 

 Mutation in the gene encoding Btk in an early stage of B cell development produces X-linked agammaglobulinemia 
(Bruton’s disease) [ 31 ]. Defects in Btk (Bruton’s tyrosine kinase) are the most common form (85 %) of early-onset hypo-/
agammaglobulinemia. The autosomal recessive mutations in μ heavy chain account for 5 % of early-onset hypo-/agamma-
globulinemia, and defects in several others comprise the remainder [ 16 ]. Although the autosomal recessive forms and Btk 
defects share a similar phenotype, the Btk mutation tends to be clinically more severe resulting in signifi cant recurrent infec-
tions of the ear, sinus, and lung starting in early childhood. In addition to bacterial infections, patients with agammaglobu-
linemia are uniquely susceptible to enteroviral infections which sometimes lead to meningoencephalitis or severe 
dermatomyositis and mycoplasma infections underscoring the complex interdependency of the human immune system. In 
essence, genetic defects identifi ed in agammaglobulinemia patient all affect pre-B cell receptor expression or downstream 
signaling which results in a block in precursor B cell differentiation, a lack of circulating mature B cells, and a profound 
reduction in antibody formation (Fig.  14.3 ). It should be noted that the Btk defect can be incomplete in less severely affected 
patients with Bruton’s disease resulting in some B cells and immunoglobulin appearing in the peripheral blood.   

   B Cell Defects Following B Cell Maturation 

   B Cell Intrinsic Immunoglobulin Class Switch Recombination (Ig-CSR) Defi ciencies 

 Further development of a mature B cell into a plasma cell capable of producing a repertoire of antibodies requires two key 
processes: class switch recombination and somatic hypermutation. Mature B cells have, on their surface, IgM. Defects early 
in the process whereby a mature B cell becomes a plasma cell have been termed, in the past, “hyper-IgM syndromes” due to 
the commonly abundant IgM in these patients with little IgA, IgG, and IgE. The newer terminology prefers to identify these 
disorders as “B cell intrinsic immunoglobulin class switch recombination (Ig-CSR) defi ciencies” which better describes the 

   Table 14.3    Presenting    location of infection in cohorts of patients with PAD   

 Site of infection 

 Respiratory/chest including pneumonia (%)  66  77  58  37  69  90 
 Recurrent sinus infections (%)  60  98 a   38  19  80  66 
 Gastrointestinal infections (%)  17  6  12  7  19  38 
 Cutaneous infections (%)  5  1  19  13 
 CNS/meningitis (%)  6  2  6  2  9  4 
 Septic arthritis/osteomyelitis (%)  1  2  7  2  1 
 Ophthalmic infections (%)  10  2 
  References   [ 18 ]  [ 19 ]  [ 20 ]  [ 21 ]  [ 22 ]  [ 23 ] 

   a Data includes sinusitis, bronchitis, and otitis media  

14 Immunodefi ciency and Sinus Disease



230

general abnormality. Considerable progress has been made in defi ning the genetic mutations responsible for Ig-CSR defi -
ciencies. In spite of such progress, approximately 15 % of class-switching defects remain genetically undefi ned [ 32 ,  33 ]. 
A detailed overview of each of the known defects is beyond the scope of this text. Furthermore, the clinical phenotype is 
similar among all of these disorders making such descriptions laborious to the practicing clinician, and there are no addi-
tional therapeutic applications currently available as a result of identifying different subsets. 

 The only exception to the common clinical presentation among the various subgroups of Ig-CSR defi ciencies is CD40    
ligand defi ciency. In general, B cells require two signals to become productively activated and for class switching between 
antibodies. This most likely represents a safeguard to limit the production of autoantibodies. One is the B cell co-receptor com-
plex mentioned earlier which is capable of interacting with opsonized or coated antigenic material such as complement gener-
ated through the innate immune system. The other form of co-stimulation required by B cells is provided by T lymphocytes 
through their membrane-associated CD40 ligand (CD40L) (Fig.  14.4 ) [ 34 ]. This ligand or receptor engages the surface CD40 
on the mature B cell and provides a vital stimulus for class switching and somatic hypermutation. A signifi cant number of 
patients with Ig-CSR defi ciencies have an X-linked form of a disease involving point mutations and deletions in the T cell 
CD40L. These mutations largely map to the part of the molecule involved in the interaction with the B cell CD40 rendering the 
T cell incapable of transmitting the necessary signals for immunoglobulin class switching. In this circumstance, the result is a 
more severe combined immunodefi ciency often with infections by opportunistic organisms such as  Pneumocystis jirovecii , 
 Toxoplasma , and  Cryptosporidium . Neutropenia is also seen on the CBC in 65 % of patients with CD40L defi ciency. An auto-
somal recessive form of CD40L defect exists that results in a clinical phenotype similar to other Ig-CSR defi ciency states [ 35 ].

      Common Variable Immunodefi ciency (CVID) or Idiopathic Hypogammaglobulinemia 

 Common variable immune defi ciency (CVID) is the most common form of clinically signifi cant primary immunodefi ciency 
with an incidence of between 1:30,000 and 1:50,000. In contrast to the gene mutations mentioned earlier which clinically 
present in childhood, CVID most commonly presents in adulthood. Although the diagnosis is typically made around 30 years 
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of age, about 28 % of patients are less than 21 years of age at diagnosis, and many others give a history of clinical events 
suggestive of an immune disorder well before the age of diagnosis [ 19 ,  36 ]. Generally, health-care providers are reluctant to 
diagnose CVID in young children (under age 4) because physiologic immaturity can mimic CVID in the early years. In addi-
tion, the possibility of immune defects in children under the age of 4 years opens a greater array of PID disorders to be 
considered. In general, most CVID patients experience a delay in the diagnosis of approximately 6–7 years from disease 
onset [ 37 ]. Even then, some patients with CVID are surprisingly free of infections at presentation and see a provider for 
another problem initially such as selected autoimmune or infl ammatory problems common in CVID (Table  14.2 ). CVID is 
then innocently uncovered during the investigation of these comorbidities. 

 CVID is characterized by reduced serum levels of IgG and usually either IgA and/or IgM by at least two standard devia-
tions below the age-adjusted mean. The defi nition of CVID also includes demonstrating a functional defi ciency in antibody 
quality with reduced or absent isohemagglutinins (antibodies to non-self surface antigens – both IgG and IgM) and/or a poor 
response to vaccines (an IgG function) in a patient of more than 2 years of age in whom other causes of immune defi ciency 
have been ruled out [ 38 ]. Most patients have variable numbers of circulating B cells but always in excess of 1 % of lympho-
cytes (Table  14.4 ).

   CVID is the most common PAD and the least understood. In contrast to the other PAD noted above, genetic mutations in 
CVID have been identifi ed in <5 % of patients suggesting this syndrome might well be polygenic. In fact, CVID is a diagnosis 
of exclusion in >95 % of cases making this truly a heterogenous group of disorders with a wide range of clinical phenotypes and 
a broad array of clinical complications that can go far beyond recurrent respiratory infections [ 39 ]. About 20 % of patients with 
CVID have signs of autoimmunity and/or lymphoproliferation [ 40 ]. In general, nearly a third of CVID patients will have infec-
tions only without complications, 28 % will have chronic lung disease or autoimmunity, 15 % gastrointestinal disease, nearly 
10 % granulomatous or liver disease, 8 % lymphomas and other lymphoid malignancies, and 7 % other cancers [ 37 ,  41 ]. 

 CVID patients can usually be classifi ed into two main groups by disease phenotype that generally remains consistent over 
time. One group contains subjects who present primarily with a history of recurrent infections and a second group who may 
have infections, but in addition, present with a variety of infl ammatory and/or autoimmune conditions. For the second group 
of patients, these comorbid conditions typically emerged as the most diffi cult to deal with in that they often require forms of 
immune suppression for control which may aggravate the infectious predisposition. Furthermore, in contrast to the infectious 
predisposition, the infl ammatory/autoimmune comorbidities typically do not respond to IVIG therapeutics. The two group 
categorization became evident when studying large collections of patients. In the largest European study, 334 subjects from 
the European Society for Immune Defi ciency (ESID) were followed for an average of 25.5 years; 71 % had one or more 
infl ammatory/autoimmune complications and the reminder had infections only [ 36 ]. In the US group, of 476 patients studied 
from one medical center, 68 % had one or more infl ammatory/autoimmune manifestations of their CVID and the rest had 
infections only [ 37 ]. 

    Table 14.4    Key immunologic/genetic features of major primary antibody defi ciency disorders   

 Disease  B cells  Immunoglobulins  Inheritance  Gene mutations 

 Pre-B cell  Absent/low  IgA, IgG, IgM ↓↓  AR  BLNK, IGHM, CD79A, CD79B 
 Receptor defect chain  μ5 surrogate light 
 XLA  Absent/low  IgA, IgG, IgM ↓↓  X-linked  Btk 
 Ig-CSR defects  Normal  Normal/elevated IgM  X-linked  CD40L 

 Low IgG and IgA  AR  CD40 
 AR  AID 
 AR  UNG 
 AR  PMS2 

 CVID  ≥1 %  One or more Ig↓  None  Heterozygous defects 
 Most normal  Impaired response to  (e.g., TNFRSF13B → TACI) 
 Some low  Vaccination/infection  Homozygous defects (e.g., ICOS) 

 CD19 
 >95 % no gene identifi ed 

 IgA defi ciency  Normal  IgA ≤ 0.07 g/L  None  Unknown 
 Some IgG subclass ↓ 
 Especially IgG2 

 IgG subclass  Normal  Normal IgG, IgA, IgM  None  Unknown defi ciency 

   Blnk  B cell linker,  Btk  Bruton’s tyrosine kinase,  IGHM  Igμ heavy chain,  AID  activation-induced cytidine deaminase,  UNG  uracil N-glycosidase, 
 PMS2  post-meiotic segregation,  TNFRSF13B  tumor necrosis factor receptor superfamily member 13B,  ICOS  inducible co-stimulator,  TACI  trans-
membrane activator  
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 The most common autoimmune diseases in CVID in all studies were immune thrombocytopenia followed by autoimmune 
hemolytic anemia. Other autoimmune conditions reported from the US study included (alphabetically listed) anticardiolipin 
antibody, antiphospholipid syndrome, autoimmune thyroid disease, diabetes mellitus, infl ammatory bowel disease, juvenile 
rheumatoid arthritis, multiple sclerosis, neutropenia, pernicious anemia, primary biliary cirrhosis, psoriasis, rheumatoid 
arthritis, systemic lupus erythematosus, uveitis, vasculitis, and vitiligo [ 37 ]. 

 The gene defects that have been described in CVID to date are shown in Table  14.4  and Fig.  14.5 . The fi rst genetic defect 
identifi ed as being associated with CVID was the ICOS (inducible co-stimulator) gene. ICOS is expressed on activated T 
cells and interacts with its ligand, ICOSL, B cells, and dendritic cells. ICOS-ICOSL interaction is important for T/B cell co-
activation, CD40-mediated class switching for plasma cells to change antibody production, the secretion of proinfl ammatory 
cytokines, and the development of the Th2 immune response [ 42 ] (Fig.  14.6 ). Mutations in inducible T cell co-stimulator 
(ICOS) or the B cell co-receptor CD19 are occasionally found in patients with CVID. However, ICOS and CD19 defects are 
not as frequent as mutations in transmembrane activator and calcium modulator and cyclophilin ligand interactor (TACI), 
which has been found to affect 8 % of patients with CVID [ 44 ] (Fig.  14.7 ).

     TACI, which is expressed by B cells, has been shown to induce immunoglobulin class switching after binding either of its 
ligands: transmembrane B cell-activating factor (BAFF) receptor (BAFF-R) and a proliferation-inducing ligand (APRIL) 
(Fig.  14.7 ). Accordingly, individuals with mutations that interfere with binding of APRIL appear to have impaired B cell 
proliferation and defective class switching in response to interleukin-10 and APRIL or BAFF. As a result, these individuals 
experience humoral immunodefi ciency characterized by low serum IgM level and impaired IgG and IgA production, making 
them susceptible to recurrent bacterial infections. Lymphoproliferation and signs of autoimmunity are also evident in TACI- 
defi cient individuals suggesting a role for TACI and BAFF-R in the induction of autoimmunity. TACI and BAFF-R belong 
to the TNF receptor superfamily and are crucial for the development and maintenance of the antibody-producing immune 
response [ 37 ,  42 ]. Mutation of both TACI alleles is always associated with insuffi cient antibody production and, frequently, 
with CVID. It is generally thought that heterozygous TACI mutations predispose to CVID instead of actually causing the 
disease and underscores the complexity of this group of disorders [ 44 ]. Data supporting this concept are: (1) 2 % of the con-
trol population carry a mutant TACI allele, (2) CVID develops most of the time in the absence of TACI mutations, (3) a 
heterozygous TACI mutation did not segregate with disease in one familial case of CVID, and (4) in the case of two brothers 
with a homozygous TACI mutation, one was affected with CVID but the other had hypogammaglobulinemia with no clinical 
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signs of immunodefi ciency. These observations suggest that in the case of TACI mutations, other genetic or environmental 
factors are likely required to produce clinically active CVID [ 41 ,  45 ]. 

 The common genetic basis of CVID and IgA defi ciency has long been suspected, as these disorders have been shown to 
coexist within families [ 46 ]. The gene location for this CVID/IgA defi ciency association appears to reside in the TACI/BAFF 
complex. Patients with CVID and IgA defi ciency have been described with mutations in TACI in several studies [ 44 – 46 ]. 
Furthermore   , a patient with CVID lacking BAFF-R with accompanying severe B cell lymphopenia has been reported [ 47 ]. 
If it can be confi rmed that a mutation in BAFF-R can cause the B cell lymphopenic/CVID phenotype, it will suggest that 
human B cells strongly rely on BAFF signals for their survival (Fig.  14.7 ). 

 Another antibody defi ciency syndrome that falls within the CVID group of defi ciencies is due to mutations in the CD19 
complex. The CD19 complex consists of CD19, CD21, CD81, and CD225. It is responsible for reducing the threshold for 
antigen-dependent stimulation of the B cell receptor. Defects in the CD19 gene complex have been described as a source of 
antibody defi ciencies in several studies [ 48 – 51 ]. 

 In summary, CVID commonly presents as an individual who has had normal immune parameters for the early part of their 
life but then undergoes a waning of immunoglobulin levels. Eventually, these individuals typically develop recurrent sinopul-
monary infections as immunoglobulin levels decline, and the ability to produce adequate antibody responses is lost. Such a 
decline suggests the possibility of a gene-environment interaction playing a role in the pathogenesis of CVID. The identifi ed 
genetic defects in CVID to date are few compared to the number and variety of affected individuals. Furthermore, the few 
identifi ed genetic defects in CVID affect different steps or processes in B cell differentiation suggesting that the overall under-
lying immunopathological mechanisms and genetic defects are, in fact, heterogenous and diverse. In the end, as the specifi c 
genetic defects underlying individual patients with CVID are identifi ed, most researchers suggest that CVID be defi ned by the 
gene mutation rather than lumped into a broad classifi cation as is currently the practice. Despite a complexity of defi nitions, 
CVID remains identifi able and mostly treatable. While the prevalence of CVID in the general population suggests that it is an 
uncommon condition, it is much more prevalent in cohorts of patients with recurrent CRS infection. The diagnosis should 
especially be considered in individuals who develop complex, persistent, or recurrent CRS infections, particularly if the clini-
cal history also contains one or more of the other PAD-associated comorbid conditions mentioned in Table  14.2 .   

   IgG Subclass Defi ciency 

 Although controversial, there is some data to suggest that patients with IgG subclass defi ciency experience a high frequency 
of respiratory tract infections (Table  14.5 ). However, a defi ciency in an individual IgG subclass can occur in as many as 2 % 
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of the healthy population suggesting that a careful immunologic investigation is required in these subjects before a diagnosis 
of PAD can be made [ 52 ]. As an isolated problem, IgG subclass defi ciency may eventually be dropped as a primary antibody 
defi ciency disorder and given clinical relevance only when bundled with other immune disorders such as IgA defi ciency. The 
age at which each of the IgG subclasses reaches adult levels varies, and every age group in childhood has its own normal 
levels [ 53 ,  54 ].

   Human IgG can be subdivided into four subclasses: IgG1, IgG2, IgG3, and IgG4. IgG1 makes up most of the total IgG 
(66 %), followed by IgG2 (24 %), IgG3 (7 %), and IgG4 (3 %) [ 55 ,  56 ]. IgG1 and IgG3 appear early in ontogeny, are effi cient 
activators of the classical complement pathway [ 57 ], and are directed mainly against protein antigens. Defi ciency of IgG1 
usually results in low levels of total IgG and is often associated with susceptibility to bacterial infections. IgG2 appears much 
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later in development, and adult levels of this subclass are not reached until 5–10 years of age. IgG2 antibodies are mainly 
directed against polysaccharide antigens, whereas IgG3 are mostly constituted antibodies directed to viral antigens [ 58 ]. 
Isolated undetectable IgG4 subclass levels are occasionally seen but affected individuals tend to be clinically free of infec-
tious predisposition. Other than some isolated reports of IgG4 defi ciency and recurrent sinopulmonary infections, the clinical 
relevance of isolated low or absent IgG4 remains questionable [ 58 ]. IgA when combined with IgG subclass defi ciencies, 
particularly IgG2 subclass, are commonly associated with clinical morbidity whose phenotype is typically one of recurrent 
bacterial infections [ 59 ]. 

 Despite the lack of concrete clinical evidence that IgG subclass defi ciency in isolation has any clinical relevance, it 
remains prudent to measure this parameter and match it against age-related normal values as part of the routine screening for 
PAD [ 60 ] (Table  14.6 ). Clinical relevance should be given to decreased levels of IgG1–3 only. When encountered in the pres-
ence of low IgA and/or a poor or borderline immunologic response to mucopolysaccharide vaccine challenge (see laboratory 
procedures below), more in-depth immunologic studies are in order.

      IgA Defi ciency (SIgAd) 

 Immunoglobulin (Ig) A defi ciency is defi ned as decreased or absent level of serum IgA in the presence of normal serum 
levels of IgG and IgM in a patient older than 4 years of age, in whom other causes of hypogammaglobulinemia have been 
excluded [ 35 ,  61 ]. In general, serum IgA level of less than 7 mg/dL (0.07 g/L) is defi ned as selective IgA defi ciency since 

   Table 14.5    The most common PIDs associated with CRS: clinical characteristics and laboratory fi ndings   

 PAD  Clinical presentation  Laboratory values 

 CVID  Recurrent sinopulmonary infection with encapsulated or 
unusual organisms 

 IgG < 2 SD from age-related normals 

 Low IgA, low or normal IgM 
 IgA defi ciency  Normal of recurrent sino pulmonary infections  IgA ≤ 0.07 g/L, IgG and IgM normal 

 Some with IgG subclass defi ciency, esp. IgG2 
 IgG subclass defi ciency  Normal or recurrent sino pulmonary infections  IgG subclass <2 SD from age-related normals 

 Normal IgM low or normal IgA 
 XLA  Early-onset recurrent sino pulmonary infections  Profoundly low IgG, IgA, and IgM 

 Flow cytometry absent or low B cells 

   Table 14.6    Serum IgG subclass levels (mg/mL): expected values for each year of age up to 18 and median values in adults; 3rd and 97th percentile 
values are indicated between parentheses   

 Age  No of subjects  IgG1  IgG2  IgG3 

 6–11 months  3  4.5 (2.5–8.5)  0.72 (0.29–1.71)  0.21 (0.07–0.55) 
 1 year  10  4.7 (2.6–8.9)  0.78 (0.31–1.85)  0.22 (0.07–0.58) 
 2 years  18  5.2 (2.9–9.7)  0.90 (0.36–2.14)  0.24 (0.08–0.63) 
 3 years  43  5.6 (3.1–10.5)  1.03 (0.41–2.45)  0.26 (0.09–0.69) 
 4 years  24  6.1 (3.4–11.4)  1.18 (0.47–2.79)  0.29 (0.10–0.76) 
 5 years  36  6.5 (3.6–12.3)  1.32 (0.53–3.13)  0.32 (0.11–0.84) 
 6 years  30  6.9 (3.8–13.0)  1.43 (0.57–3.39)  0.36 (0.12–0.93) 
 7 years  37  7.1 (3.9–13.4)  1.50 (0.66–3.57)  0.39 (0.14–1/02) 
 8 years  24  7.3 (4.0–13.7)  1.60 (0.64–3.80)  0.42 (0.15–1.10) 
 9 years  38  7.4 (4.1–13.8)  1.71 (0.69–4.07)  0.44 (0.16–1.16) 
 10 years  48  7.4 (4.1–14.0)  1.85 (0.47–4.40)  0.48 (.17–1.25) 
 11 years  62  7.4 (4.1–14.0)  2.06 (0.83–4.90)  0.51 (0.18–1.34) 
 12 years  37  7.1 (3.9–13.4)  2.28 (0.91–5.42)  0.50 (0.18–1.32) 
 13 years  11  6.8 (3.8–12.9)  2.37 (0.95–5.63)  0.47 (0.17–1.22) 
 14 years  10  6.8 (3.8–12.9)  2.46 (0.98–5.84)  0.43 (0.15–1.12) 
 15 years  10  6.8 (3.8–12.9)  2.59 (1.04–6.15)  0.40 (0.14–1.04) 
 16–18 years  7  6.8 (3.8–12.9)  2.75 (1.10–6.54)  0.36 (0.12–0.94) 
 >18 years  141  5.6 (3.8–9.4)  3.40 (1.46–7.20)  0.36 (0.12–0.94) 

  Adapted from Plebani et al. [ 60 ]. With permission from Springer Science + Business Media  
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this concentration is the lowest detectable limit established by most laboratories. When the serum IgA level is higher than 
7 mg/dL but two standard deviations below normal for age, the condition may be referred to as partial IgA defi ciency. Partial 
IgA defi ciency is quite common and it remains unclear if this fi nding has any clinical relevance. The threshold of 4 years of 
age is used to avoid premature diagnosis of IgA defi ciency since IgA development may be transient in younger children due 
to an innocent delayed ontogeny of IgA production after birth. 

 Selective IgA defi ciency (SIgAd) is the most common primary immunodefi ciency in humans and may occur in up to 
1/220–1/1,000 people in the general population. The majority of people (85–90 %) with SIgAd are unaware that they have 
this disorder and enjoy good health. In a subset of IgA-defi cient patients, however, a phenotype emerges of recurrent sino-
pulmonary and middle ear infections. Many of these patients have concomitant IgG subclass defi ciency which may favor 
infection in some IgA-defi cient patients [ 62 ]. These infections are thought to occur as a result of secretory IgA antibody 
being defi cient or absent at the mucosal level resulting in diminished host defense. Since secretory IgA is the principal immu-
noglobulin class providing mucosal protection, its absence is thought to provide an advantage to organisms responsible for 
acute and chronic CRS, particularly encapsulated bacteria. 

 IgA is the most abundant antibody produced in the body. It is the second dominant antibody in the blood circulation fol-
lowing IgG. It can be found in both monomeric and polymeric forms. Circulating IgA is in monomeric form, whereas secre-
tory IgA is dimeric and resides in the mucosal secretions of respiratory, intestinal, and genitourinary systems. In humans, 
there are two subclasses of IgA: IgA1 and IgA2 [ 63 ] (Fig.  14.8 ). It is thought that the main reason for the structural difference 
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between IgA1 and IgA2 is that IgA2 has a shorter hinge region which may render it more resistant to bacterial proteases in 
the lumen of gastrointestinal or respiratory systems [ 64 ]. In Fig.  14.9 , the production of IgA in the gut lumen is schematically 
demonstrated. Dendritic cells (DCs) and Toll-like receptor (TLR) signals play a crucial role in activating B cells and cooper-
ate with B cell-activating factor (BAFF) and a proliferation-inducing ligand (APRIL) to induce activation-induced cytidine 
deaminase (AID) and class switch recombination (CSR) to produce IgA. A distinct type of stromal cell secretes transforming 
growth factor-β (TGFβ) which also promotes class switching of plasma cells to IgA production. The schematic also shows 
lymphoid tissue inducer (LTi) cells which play an important role in orchestrating the structural formation of the lymphoid 
follicle. This structure provides cytokines that further facilitate IgA induction. IgM-expressing B cells can switch to IgA 
expression within the lymphoid follicle and further promote IgA1-expressing B cells to switch to IgA2 production for trans-
port to the secretory surfaces such as the nose and sinuses [ 65 ].

    It remains unclear exactly where the defect in SIgAd lies within the immune system. In a recent study, two different sub-
groups of class-switched memory B cells were identifi ed in SIgAd patients. The low-switched memory B cell subgroup of 
patients exhibited more severe clinical features including CRS, pneumonia, autoimmune diseases, and bronchiectasis sug-
gesting that this classifi cation could aid physicians in determining the clinical prognosis for such patients. The early identi-
fi cation of at-risk patients for signifi cant comorbidities would provide the basis for more cautious surveillance of this at-risk 
subgroup [ 66 ]. Other researchers have investigated the major lymphocyte subpopulations and B lymphocyte subsets in 
patients with SIgAd looking for defects. These studies seem to demonstrate a reduction in terminally differentiated B lym-
phocyte subsets, similar to what has previously been found in patients with CVID, although less pronounced [ 67 ]. The defect 
in SIgAd appears to involve the stem cells since IgA defi ciency can be transferred by bone marrow transplantation [ 68 ]. In 
SIgAd, B cells appear to be able to express IgA. However, these B cells are an immature phenotype with the co-expression 
of IgM and IgD. Ultimately, they seem unable to fully develop into IgA-secreting plasma cells [ 69 ]. Despite these reports, a 
whole host of abnormalities are still being discussed in relation to SIgAd with no clear coherent immunologic source as yet 
defi ned. The defect clearly appears to reside within the regulatory network of IgA production in that the phenotype can be 
reversed in vitro [ 69 ]. Furthermore, there does not appear to be a coherent Mendelian genetic pattern in SIgAd despite sug-
gestions of some clustering within families [ 70 ]. As with CVID, IgA defi ciency may not a single disease and perhaps repre-
sents a heterogenous group of immune disorders with a defi ciency of IgA as a common feature. 

 Although the majority of SIgAd are symptomatic, there remains a subgroup that is not readily identifi able who demon-
strates a tendency toward recurrent sinopulmonary infections, gastrointestinal infections and disorders, allergies, autoim-
mune conditions, and malignancies. The overrepresentation of recurrent sinopulmonary infections and autoimmune diseases 
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IgA induction in the lamina propria (Reprinted from Pabst [ 65 ]. With permission from Nature Publishing Group)       

 

14 Immunodefi ciency and Sinus Disease



238

among this subgroup stands most prominently. One hint readily available to the clinician is the measurement of IgG sub-
classes in any patient with SIgAd. SIgAd patients with IgG subclass 2 and 4    defi ciencies commonly suffer recurrent sinopul-
monary infections and deserve both careful follow-up and evaluation of the quality of their immune response to antigens (see 
below) [ 71 ,  72 ]. Furthermore, a variety of autoimmune diseases (Table  14.7 ) should be kept in mind and added to the clinical/
laboratory surveillance whenever caring for a patient with SIgAd [ 73 – 75 ].

      Secondary Immunodefi ciency 

 Conditions leading to secondary immune dysfunction are far more common in adults than PIDs. Secondary sources of immu-
nodefi ciency should always be ruled out fi rst in a patient with CRS who presents with a clinical condition that suggests the 
possibility of concomitant PID. A detailed review of this topic is beyond the goals of this text. The common conditions that 
are associated with secondary immunodefi ciency are listed in Table  14.8  [ 76 ]. Generally, a higher level of suspicion that a 
condition listed in Table  14.9  may be inducing secondary immune defi ciency becomes clear from a thorough history and 
physical exam. The pattern of recurrent rhinosinusitis also can be a distinguishing feature differentiating immune defi ciency 
from other more common etiologies. For example, recurring RS at the same anatomic site is usually structural in nature and 
represents a fi xed ostial obstruction that results from recurrent/chronic infection, ipsilateral severe septal deviation with 
compression of the middle meatus, or perhaps an odontogenic source in the case of recurrent localized maxillary disease. In 
contrast, PID or secondary immunodefi ciency will typically be accompanied by a pattern of diffuse sinus infections that do 
not have a specifi c anatomic predilection. Furthermore, both primary and secondary immune defi ciencies are commonly 
accompanied by a history of infection beyond the confi nes of the paranasal sinuses such as otitis media, mastoiditis, menin-
gitis, and/or pneumonia/bronchiectasis.

        The Evaluation of CRS Patients with Suspected Immune Defi ciency 

 The Primary Immunodefi ciency Resource Center (Jeffrey Modell Foundation) lists ten warning signs to help identify patients 
with PID (Table  14.10 ) [ 78 ]. The presence of two or more warning signs or a history of prolonged antibiotic treatment should 
prompt assessment for PID. Over the years, others have modifi ed this approach for greater accuracy but there is no 

   Table 14.7    Overrepresentation of autoimmunity in SIgAd         

 Idiopathic thrombocytopenic purpura 
 Hemolytic anemia 
 Graves disease 
 SLE 
 Type I diabetes 
 Celiac disease 
 Juvenile rheumatoid arthritis 
 Autoantibodies such as sulfatide, Jo-1, cardiolipin, phosphatidylserine, and collagen 

   Table 14.8    Common causes of secondary immunodefi ciency   

 Malnutrition 
 HIV 
 Malignancy 
 Immunosuppressive drugs 
 Immunomodulatory agents 
 Rituximab (affecting B cells) 
 Infl iximab, etanercept, adalimumab, anakinra (affecting cellular immunity) 
 Drug-induced hypogammaglobulinemia 
 Certain antiepileptics (e.g., diphenylhydantoin, carbamazepine, valproate) 
 Protein loss (especially if presenting with low IgG but normal IgA and IgM) 
 Nephrotic syndrome, protein-losing enteropathy, severe burns 
 Metabolic disease 
 Diabetes, severe liver disease, uremia 

  Reprinted from Azar and Ballas [ 76 ]. With permission with Elsevier  
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universally accepted checklist of conditions that is highly sensitive and specifi c [ 79 ]. Comorbid conditions, particularly 
autoimmune endocrine disorders, rheumatic conditions, autoimmune hemolytic anemia, thrombocytopenia, and gastrointes-
tinal disorders, are particularly common in primary antibody defi ciencies. The coexistence of CRS and Crohn’s disease, 
ulcerative colitis, or celiac disease should alert the medical care provider of possible coexisting IgA defi ciency or CVID. 
Such coexisting diagnosis should be vigorously sought. A more comprehensive list of clinical clues that might trigger an 
immune evaluation is listed in Table  14.11  [ 76 ]. In fact, any patient presenting with diffi cult to control or recurrent CRS, 
particularly if they have failed both medical and surgical intervention, should be screened for PAD. It would be rare for other 
forms of PID to present to the primary care/ENT/allergist when the chief complaint is CRS.

    After a thorough history and physical examination has been performed, laboratory studies are required to rule in or out 
PAD (Table  14.11 ). The core laboratory evaluation for PAD begins with a complete blood count with differential, quantita-
tive serum immunoglobulin levels, serum IgG subclasses, and, in the adult, serum protein electrophoresis. The next level of 
evaluation in suspected cases of PAD would be specifi c antibody response to protein and polysaccharide antigens and the 
measurement of lymphocyte subsets through fl ow cytometry (Table  14.12 ). In either case, adding more general laboratory 
studies such as a comprehensive chemistry panel, UA, and HIV screen is always a good idea depending on when these stud-
ies were last done, if at all. Depending on the degree of clinical suspicion and what is found on initial screening, additional 
tests may be ordered when considering the comorbidities specifi c for PAD disorders. For example, if IgA defi ciency is found, 
pertinent laboratory testing for the associated conditions, such as autoimmune disease (CRP, sedimentation rate, ANA, RF, 
TSH, antithyroid antibodies including thyrotrophic-receptor autoantibodies if available) and especially celiac disease (IgG 

   Table 14.9    Ten warning signs of PID   

  1. ≥8 new ear infections within 1 year 
  2. ≥2 serious sinus infections within 1 year 
  3. ≥2 months on antibiotics with little effect 
  4. ≥2 episodes of pneumonia within 1 year 
  5. Failure of an infant to gain weight or grow normally 
  6. Recurrent deep skin or organ abscesses 
  7. Persistent thrush in mouth or on skin after age 1 year 
  8. Need IV antibiotics to clear infections 
  9. ≥2 deep-seated infections 
 10. Family history of PID 

  Adapted from Modell et al. [ 77 ]. With permission with 
Springer Science + Business Media  

   Table 14.10    Clues suggesting the presence of an immunodefi ciency   

 Aspects of infections 
  Unusual frequency 
  Unusual severity 
  Unusual duration 
  Unusual complications 
  Unusual organisms 
 Noninfectious clues 
  Premature loss of dentition 
  Poor wound healing 
  Unexplained bronchiectasis 
  Chronic diarrhea or malabsorption 
  Autoimmunity, especially if more than one (e.g., hypothyroidism and alopecia or vitiligo) 
  Hematologic disorders (hemolytic anemia, neutropenia, thrombocytopenia) 
  “Failure to thrive” 

  Reprinted from Azar and Ballas [ 76 ]. With permission with Elsevier  

    Table 14.11    Advance laboratory tests for PAD         

 Lymphocyte subset quantitation (fl ow cytometry) for T, B, and NK cells 
 Immunofi xation of concentrated urine (adults) 
 Pre- and postvaccination (4–6 weeks) IgG to tetanus toxoid, 12+ isotypes of  S. pneumoniae  and possibly  H. infl uenzae  type B 
 HIV screening 

14 Immunodefi ciency and Sinus Disease



240

and IgA anti-transglutaminase and antigliadin peptides antibodies), should be performed. In SIgAd, most celiac disease 
screening should include only IgG isotypic antibodies against gliadin and tissue transglutaminase since IgA isotype antibod-
ies may not be detectable. However, more sensitive immunoassays are being developed that are capable of detecting very 
small amounts of IgA antibodies [ 80 ]. 

 Determination of serum levels of IgG subclasses has limited value but is still commonly used as a screening assay. IgG 
subclass measurements are especially indicated if the IgG levels are low, IgA defi ciency is present, or there is a documented 
history of recurrent pneumonia or bronchiectasis. Therefore, many health-care providers now restrict this assay to a second-
ary level depending on the presence or absence of the factors just cited. 

 More important information is provided by the assessment of IgG antibody titers induced by available vaccine administra-
tion. In particular, antibodies to tetanus toxoid and diphtheria toxoid represent robust assays that measure the antibody 
response to protein (T-dependent) antigens. Vaccines containing  S. pneumoniae  represent robust assays measuring antibody 
response to capsular mucopolysaccharide structures (T cell independent). The measurement of anti-tetanus and antipneumo-
coccal antibodies followed by the administration of tetanus toxoid and pneumococcal vaccine and re-measuring the IgG 
antibody levels 4–6 weeks later is a key laboratory parameter in identifying individuals with PAD. 

 In the United States, a heptavalent pneumococcal conjugate vaccine (PCV 7) (e.g., Prevnar [Rx] ) is recommended for 
all children aged 2–23 months and for at-risk children aged 24–59 months. The normal 4-dose series is given at 2, 4, 6, 
and 12–14 months of age [ 52 ]. In 2010, a pneumococcal conjugate vaccine which protects against an additional six 
serotypes was introduced (PCV 13/brand name: Prevnar 13) and can be given instead of the original Prevnar [Rx]  [ 81 ]. 
Conjugated vaccines were developed since children under 2 years of age tend to have a poor antibody response to non-
conjugated vaccines, and pneumococcal disease prevention was particularly important in this age group. It is important 
to remember that use of conjugated vaccines to pneumococcus,  H. infl uenzae , or meningococcus elicits T cell-dependent 
responses, even if the antibodies are ultimately directed against polysaccharide antigens. Therefore, since we are most 
interested in B cell function, conjugated vaccines are not typically used in evaluating PAD. Rather, pneumococcal poly-
saccharide vaccine (e.g., Pneumovax) is used to test the antibody response to polysaccharide (T-independent, B cell 
generated) antigens. Pneumococcal polysaccharide vaccine (Pneumovax Rx) gives at least 85 % protection in those 
under 55 years of age for 5 years or longer [ 82 ]. The standard 23-valent vaccines are less effective for children 1–2 years 
old and ineffective under the age of one year. A protective antibody response is defi ned as a serotypic antibody concen-
tration of 1.3 μg/mL or higher or 200–300 ng of antibody nitrogen per milliliter (conversion factor is 160 ng of antibody 
N/mL to 1 μg/mL) [ 52 ]. 

 The interpretation of anti-tetanus antibody concentrations is based on vaccination-induced antibody increases over the 
pre-immunization level and enumerating those that exceed what is considered the protective level of response. The minimum 
protective threshold of 0.15 IU/mL is considered to be the minimum value pre or post immunization that determine vaccine 
response normalcy. If the minimum protective threshold is present with the fi rst blood draw, immunization and post- 
immunization assessment are not necessary. Approximately 80 % of the total anti-tetanus toxoid activity is represented by 
IgG1 [ 82 ]. Since it represents a T cell-dependent event, nearly all cases of PAD demonstrate an intact IgG antibody response 
to tetanus toxoid vaccine. 

 In contrast, poor vaccination response to  S. pneumoniae  is a key feature of PAD in most circumstances. Impaired polysac-
charide responsiveness is observed commonly with CVID and young patients with IgG2 defi ciency [ 83 ]. Impaired antibody 
production may not be seen in adults with IgG3 subclass defi ciency [ 84 ]. The interpretation of antipneumococcal antibody 
concentration results is based on antibody increases over pre-immunization concentrations (immune response) and on fi nal 
concentrations following immunization. A good response post vaccination to individual  S. pneumoniae  serotypes is an IgG 
concentration ≥1.3 μg/mL and demonstrating a four-fold serotype-specifi c IgG increase compared to pre-immunization 
antibody levels. However, high pre-immunization antibody concentrations (>1.3 μg/mL) to a specifi c serotype are less likely 
to rise signifi cantly (four-fold) after immunization. Most patients with a pre-vaccine titer ≥1.3 mg/mL can mount at least a 
two-fold increase in titer post immunization. Only a minority of patients with high initial titers will be capable of mounting 
a four-fold increase in antibody titers after vaccination. The probability of a four-fold antibody response approaches zero if 

   Table 14.12    Screening laboratory tests for PAD         

 Complete blood count (CBC) with differential 
 Comprehensive chemistry panel 
 Complete urinalysis 
 Immunoglobulin quantitation (IgG, IgA, IgM, IgE) 
 IgG subclass quantitation 
 Serum protein electrophoresis (adults) 
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the pre-immunization titer is between 4.4 and 10.3 μg/mL, depending on the pneumococcal serotype [ 82 ]. In patients previ-
ously immunized with heptavalent pneumococcal conjugate vaccine, it is important to measure antibody responses against 
at least the six serotypes present only in the polysaccharide vaccine. 

 Age also plays a signifi cant role in the interpretation of responses to polysaccharide immunization. Well-validated age- 
adjusted criteria that defi ne normal responsiveness to pure polysaccharides are yet to be developed. In general, responses to 
pure polysaccharide antigens are unreliable and should be avoided in patients younger than 2 years. Licciardi et al. studied 
the immunologic response to pneumococcal polysaccharide vaccine in 12-month-old infants and found that 30 % were 
capable of generating a high avidity serotype-specifi c antibody response but not to the majority of serotypes responsible for 
the majority of disease in their developing country population [ 85 ]. Children between the ages of 2 and 5 years should 
respond to approximately half (50 %) or more of the pneumococcal type-specifi c polysaccharides. Although controversy 
exists regarding the actual number of pneumococcal serotypes needed to determine a normal response, most groups recom-
mend that for patients older than 5 years (including adults), at least 70 % of pneumococcal serotypes should appropriately 
respond to vaccine administration [ 52 ]. 

 In summary, we recommend measuring IgG antibody level against serotypes 1, 3, 4, 6B, 7F, 9V, 11, 12F, 14, 15, 18C, 19F, 
23F, and 33 by a standardized enzyme-linked immunosorbent assay (ELISA). If less than 70 % basal antibody titers appear 
nonprotective, a boosting immunization should be performed with Pneumovax, followed by repeat measurement of specifi c 
antibodies 4 weeks later. For children 24 months through 5 years of age, a normal response to PPV is defi ned as “protective” 
antibodies (>1.3 μg/mL) to 50 % or more of the serotypes tested, with at least a two-fold increase in the titers. For subjects 
aged 6–65 years, a normal response has been defi ned as protective antibodies to 70 % of the serotypes tested, with at least a 
two-fold increase and preferably a four-fold increase compared to pre-vaccination antibody levels [ 86 – 90 ]. Remember that 
very high levels pre-vaccination may not boost even twofold but still represent a positive B cell functional activity in that they 
are well above the protective antibody level. 

 Isohemagglutinins are antibodies directed against the polysaccharide moieties of AB0 blood group antigens and represent 
“natural” anti-polysaccharide antibodies. They represent both IgG and IgM antibodies. However, isohemagglutinin titers are 
diffi cult to obtain in many laboratories. Furthermore, they do not add anything signifi cant to the PAD evaluation other than 
a refl ection of an IgM response. On this basis, we no longer order this study. 

 Diagnosis of HIV infection is established by ELISA of which serum demonstrates the presence of antibody to viral anti-
gens of the HIV. The positive test is then confi rmed by Western blot testing which demonstrates viral proteins to be present. 
The serologic tests become positive 4–24 weeks following HIV infection, and PCR testing for proviral DNA or viral RNA 
has been used for earlier detection. High-risk groups of individuals with CRS should always be screening for HIV 
infection. 

 Ultimately, if the initial screening tests are abnormal and suggest PID, it is prudent for the primary care provider and ENT 
specialist to refer the patient to a physician skilled in immunology to continue the evaluation. Many allergists have the train-
ing to continue the evaluation to and beyond the advanced laboratory stage. Even then, if a PID diagnosis is made, referral 
to a tertiary center that specializes in immune defi ciency is always prudent. The purpose of early referral would be to confi rm 
a presumed PID diagnosis and establish a connection where more advanced forms of diagnosis and therapy can be readily 
available to patients in this rapidly changing fi eld of medicine.

      Treatment 

 The standard of care in CVID and specifi c IgG antibody defi ciencies that do not respond to intermittent or prophylactic 
antibiotic therapy is replacement immunoglobulin given monthly for life. Gamma globulin is not used for replacement of 
IgA. Gamma globulin can be given either intravenously every 3–4 weeks or subcutaneously once weekly. Both methods of 
administration are equally effective. The doses range from 300–600 mg/kg a month or more depending on clinical response 
and IgG trough levels or a calculated weekly subcutaneous delivery based upon the optimal monthly dosing. Less frequent 
dosing or lower doses is not substantiated by clinical data. We generally like to keep the IgG trough level above 500 mg/dL 
and balance the level against the desired clinical response. Which route of administration to choose is best dictated by patient 
choice and convenience. Generally   , some patients prefer the intravenous route (IVIG) since it can be done in their home or a 
medical center over several hours once monthly. Others like the convenience of subcutaneous weekly self-administration that 
does not require IV placement and avoids the many hours an IVIG infusion requires. It is important to remember that IVIG 
is not a generic drug and IVIG products are not interchangeable. A specifi c IVIG product needs to be matched to patient 
characteristics to insure patient safety. A change of IVIG product should occur only with the active participation of the pre-
scribing physician. 
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 Although immunoglobulin therapy greatly reduces the number of bacterial infections and enhances survival, it does not 
appear to address the characteristic infl ammatory complications sometimes seen such as progressive lung disease, gastroin-
testinal disorders, granulomatous disease, autoimmunity, lymphoid hyperplasia, and cancers such as lymphoma. With the 
advent of gamma globulin therapy, these complications now appear to be the major cause of morbidity and death in CVID 
[ 36 ,  37 ,  91 ]. 

 IgA-defi cient patients demand special counseling. SIgAd patients who are diagnosed coincidentally and are asymptom-
atic do not need treatment. However, awareness and education are of prime importance, particularly to prevent a potential 
anaphylactic reaction secondary to blood transfusion. If an IgA-defi cient patient is given blood with IgA, anti-IgA antibodies 
will be produced. Any subsequent transfusion will result in a potential serious transfusion reaction. In this regard, we recom-
mend that patients with selective IgA defi ciency wear a medical alert bracelet. In case of a blood transfusion is required, an 
SIgAd patient should be screened for anti-IgA antibodies and any blood product prepared from an IgA-defi cient individual 
or, as an alternative, use saline-washed red blood cells. All blood products should be given with caution in patients with 
SIgAd, and the supervising medical provider should be prepared to treat a potential anaphylactic reaction. In IgA defi ciency, 
other than the issues surrounding blood product administration, the mainstay of treatment is related to any associated dis-
eases. If the patient experiences recurrent infections, daily or intermittent prophylactic antibiotics may be benefi cial. In case 
of associated specifi c antibody defi ciency such as IgG2 and recurrent sinopulmonary infections, immunoglobulin adminis-
tration choosing a product with minimal IgA (see individual product information) may be given.  

   Conclusion 

 Nearly all patients with CRS who are diagnosed with a primary immunodefi ciency have a primary antibody defi ciency. 
Although over 21 genes (Fig.  14.10 ) have been identifi ed to be affected in PAD, there remain many unanswered questions in 
the vast majority of patients, particularly those with CVID. Phenotyping patients with PAD based on a molecular diagnosis 
whenever possible is vital to both the patient and the family in terms of defi ning inheritance patterns and forming the basis 
for treatment and prognosis. The most important clue to defi ning a PID is to consider this in the differential diagnosis of any 
patient with recurrent or diffi cult to treat respiratory infection, particularly if the history includes an infectious predisposition 
in other anatomic sites, autoimmune disease, infl ammatory bowel disease, bronchiectasis, or infections with unusual 
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organisms (Fig.  14.11 ). Early laboratory identifi cation of reduced immunoglobulin levels is a critical component in the clini-
cal evaluation. Even if antibody levels are normal, a high level of suspicion based on the history should still prompt further 
investigation such as assessment of vaccine responsiveness.

    Ultimately, the routine consideration of PID in any patient with CRS will lead to a more timely diagnosis, early interven-
tion, and improved prognosis. Early referral to a physician or tertiary medical center skilled in managing PID is the best 
management philosophy.     
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    Chapter 15   
 Autoimmunity and Sinus Disease 

             Stanley     M.     Naguwa      ,     Christopher     C.     Chang      , and     Gary     A.     Incaudo     

           Introduction 

 Sinusitis    is a common feature of a variety of autoimmune diseases. The most well-known association is with granulomatosis 
with polyangiitis, which was formerly known as Wegener’s granulomatosis. Other autoimmune diseases in which sinusitis 
has been reported include allergic granulomatosis (AG or Churg–Strauss syndrome) and microscopic polyangiitis (MPA). 
These diseases have in common the presence of antineutrophil cytoplasmic antibodies (ANCA). Sinusitis has also been 
rarely associated with non-antineutrophil cytoplasmic antibody autoimmune diseases, such as systemic lupus erythematosus 
(SLE), Sjögren’s syndrome, and others. As part of a thorough evaluation of any patient with recurrent or chronic rhinosinus-
itis, it is important to inquire if the patient also suffers from concomitant autoimmune disease. Otherwise, a sinusitis patient 
who has an associated autoimmune disease may experience less than optimal or negative outcomes from conventional sinus-
itis therapy, particularly surgery.  

    Basic Immunology of Autoimmunity 

 The concept of autoimmunity arose from the discovery of autoantibodies in conditions such as rheumatoid arthritis, systemic 
lupus erythematosus, and hemolytic anemia [ 1 ]. With increased understanding of the immune system, ideas about mecha-
nisms of autoimmunity broadened to include roles for T cells, B cells, and the innate, primary, or secondary immune 
responses. Many categories of autoaggressive disorders have ultimately been defi ned with the number growing annually. 

 Many of these conditions are now known to be associated with genetic variations in molecules that regulate the activation 
of immune cells, ranging from MHC molecules, complement components, cytokines, Toll-like receptors (TLRs), NOD 
(nucleotide-binding oligomerization domain) proteins, and infl ammasomes (components responsible for activation of infl am-
matory processes) [ 2 ,  3 ]. Understanding the ways in which each genetic variation facilitates the engagement of a particular 
autoimmune process remains a major challenge. The pathways involved are clearly diverse and continue to be discovered as 
we publish this chapter. The following are some general concepts to help understand the origins of autoimmune disorders 
and the scope of current and future therapeutic strategies such as T- and B-cell targeting. 
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 Most of the disorders discussed below have a wide variety of autoantibodies associated with them although commonly 
one or two autoantibodies are more characteristic of a specifi c disease description. If and when a susceptible individual 
develops a disease depends, in many cases, on additional acquired “trigger” factors such as ill-defi ned environmental expo-
sures and hormonal changes [ 4 ]. These have proved remarkably hard to identify. However, a concept that might prove useful 
in understanding the autoantibody-associated disorders, in particular, is that a minor event such as an environmental expo-
sure triggers a positive-feedback cycle, which leads to persistent immunopathology [ 5 ]. Of particular interest to researchers 
seeking cures is the in-depth understanding of the two-way interaction between B cells and T cells. B cells provide signals 
to T cells through antigen presentation, and T cells provide “help” to B cells through the delivery of cytokines and cell- 
surface ligands. At times, the control mechanisms become faulty and clonal expansion of autoreactive cells can develop 
(Fig.  15.1 ). These interactions create the potential for a positive-feedback loop resulting from a clonal expansion of an auto-
reactive T or B cell that infi ltrates tissue and promotes disease expression [ 6 ] (Fig.  15.2 ). It remains unclear which cell makes 
the crucial mistake to trigger an autoimmune disease, and indeed, it likely varies from disease to disease.

    Ultimately, the goal for immunologists is to provide clinicians with a set of tools to precisely retune the immune system 
for each type and variation of immune dysregulation. The best tools will accomplish this task by preserving suffi cient basic 
immune function to ensure a healthy defense against pathogens while preferentially limiting certain autoreactive compo-
nents. For example, the discovery of the B-cell-activating factor of the tumor necrosis factor family (BAFF) system has 
provided immunologists with a new insight into the mechanisms that control B-cell survival during maturation in the periph-
ery and a target for future therapy. BAFF enhances B-cell survival and has a role in enhancing immune responses. Although 
BAFF is a benefi cial factor that promotes B-cell maturation and enhances immune responses, excessive BAFF production 
seems to be able to disrupt B-cell survival. Moreover, the overexpression of BAFF in mice results in severe autoimmune 
disorders. In humans, elevated serum levels of BAFF have been seen in some patients with autoimmune diseases such as 
Sjögren’s syndrome and rheumatoid arthritis (Fig.  15.3 ).
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  Fig. 15.1    The two-way interaction between B cells and T cells provides the basis for the concept that in certain autoimmune diseases, an ampli-
fi cation cycle might allow persistent immunopathology to arise from a minor “trigger” factor. Such a trigger might initiate the cycle through events 
in either the B-cell or the T-cell compartment, including the stochastic generation of both B-cell receptors ( BCRs ) and T-cell receptors ( TCRs ) 
(Reprinted from Edwards and Cambridge [ 6 ]. With permission from Nature Publishing Group)       
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   Autoreactive T-regulatory cells have also been named as sources of autoimmune disease. Autoreactive CD4 and CD8(+) 
regulatory T cells (Tregs) play important roles as modulators of immune responses against self. Numerical and functional 
defects in CD4 and CD8(+) Tregs have been linked to autoimmunity (Fig.  15.1 ).  

    Defi nitions 

 The change in the nomenclature is an effort by the American College of Rheumatology (ACR) and the European League 
Against Rheumatism (EULAR) to move away from eponyms and for ethical reasons [ 8 ,  9 ]. The most common autoimmune 
diseases that involve the airway are categorized as granulomatous diseases. These diseases share ANCA positivity and vas-
culitis of the small and medium vessels at some point in the clinical course. Granulomatosis with polyangiitis and allergic 
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  Fig. 15.2    ( a ) Although normal T cells exposed to self-antigen in the periphery become tolerized, lupus-prone T cells are sensitive to lower thresh-
olds of activation by agonist or weak-agonist peptides. ( b ) Once activated, T cells can provide primary stimulation to genetically hyperresponsive 
B cells. ( c ) These autoantigen-stimulated B cells undergo somatic hypermutation and affi nity maturation. ( d ) On the synthesis of pathogenic 
autoantibodies, tissue damage results in the release of self-antigen, ( e ,  f ) which is also taken up and presented by specifi c antigen-presenting B cells 
in a second round of T-cell activation, ( g ) therefore leading to a positive-feedback cycle. ( h ) Autoimmune T- and B-cell responses are diversifi ed, 
which results in epitope spreading. This continuing and cyclic process of B-cell–T-cell cognate interaction serves to amplify the ensuing autoim-
mune processes. ( i ) Activated T cells can also directly cause tissue pathology by migrating to the target organ and releasing cytokines and by 
mediating direct cytotoxicity.  APC  antigen-presenting cell. T cells are shown  orange ; B cells are  red  (Reprinted from Shlochik et al. [ 3 ]. With 
permission from Nature Publishing Group)       
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  Fig. 15.3    ( a ) Increased    BAFF production leads to excess B-cell survival and the escape of autoreactive B cells from negative selection, some of 
which might localize in the spleen. ( b ) After activation by autoantigen and potential BAFF costimulation, activated B cells might leave the spleen 
and migrate to lymph nodes and/or target tissues. ( c ) Similarly, the low-level activation of peritoneal B cells by autoantigen might be amplifi ed by 
BAFF-induced costimulation, leading to the recruitment of activated B cells in target tissues. Activated B cells differentiate into plasma cells, 
which produce potentially pathogenic autoantibodies, as well as infl ammatory cytokines and chemokines.  BAFF  B-cell-activating factor of the 
tumor necrosis factor family,  BCR  B-cell receptor (Reprinted from Mackay and Browning [ 7 ]. With permission from Nature Publishing Group)       
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granulomatosis share upper and lower airway involvement, while granulomatosis with polyangiitis and microscopic polyan-
giitis have renal involvement (Table  15.1 ). As with many systemic rheumatic diseases, there are classifi cation criteria which, 
with increasing understanding of the diseases, will be undergoing modifi cation in the near future. Currently, classifi cation 
criteria arise from the 1994 Chapel Hill Consensus Conference on Vasculitis [ 11 ].

       Sinus Involvement in Autoimmune Diseases 

    ANCA-Associated Vasculitis 

 ANCA-associated vasculitides are rare diseases with a prevalence that varies by geographic location and changes with time. 
The prevalence of granulomatosis with polyangiitis in Sweden has been reported to be 160 per million population in 2003 
[ 12 ]. In the United States, the prevalence is even lower, at 32 per million in the 1980s [ 13 ]. In the United States, men and 
women are equally affected, Caucasians were predominantly affected, and the average age was 48 [ 14 ,  15 ]. The incidence of 
granulomatosis with polyangiitis is lower in Japan, but there is a higher incidence of microscopic polyangiitis [ 15 ]. The 
worldwide prevalence of allergic granulomatosis is 11–45 per million. 

 The precise role of ANCAs in disease pathogenesis remains unclear. There is emerging evidence to suggest that they 
might directly initiate an infl ammatory response in patients with small-vessel vasculitis. If ANCA proves to be a distinguish-
ing feature of vascular infl ammation, then the syndromes of Wegener’s granulomatosis (now termed granulomatosis with 
polyangiitis [GPA]), microscopic polyangiitis (MPA), and renal-limited vasculitis will rightfully be defi ned as ANCA- 
associated diseases. 

    Granulomatosis with Polyangiitis (GPA) 

   General Description 

 Granulomatosis with polyangiitis, fi rst described in 1931, has its primary manifestations in the respiratory tract. The patho-
genesis is a vasculitis that affects the sinonasal passages, lung, kidneys, and skin. The upper respiratory tract is the most 

   Table 15.1    Clinical features of the primary antineutrophil cytoplasmic antibody-associated vasculitides   

 Feature  Wegener’s granulomatosis  Microscopic polyangiitis  Churg–Strauss syndrome 

 ANCA positivity  80–90 %  70 %  50 % 
 ANCA antigen 

specifi city 
 PR3 > MPO  MPO > PR3  MPO > PR3 

 Fundamental 
histology 

 Leukocytoclastic vasculitis; necrotizing, 
granulomatous infl ammation (rarely 
seen in renal biopsy specimens) 

 Leukocytoclastic vasculitis; no 
granulomatous infl ammation 

 Eosinophilic tissue infi ltrates and 
vasculitis; granulomas have 
eosinophilic necrosis 

 Ear/nose/throat  Nasal septal perforation, saddlenose 
deformity, conductive or sensorineural 
hearing loss, subglottic stenosis 

 Absent or mild  Nasal polyps, allergic rhinitis, 
conductive hearing loss 

 Eye  Orbital pseudotumor, scleritis (risk of 
scleromalacia perforans), episcleritis, 
uveitis 

 Occasional eye disease: scleritis, 
episcleritis, uveitis 

 Occasional eye disease: scleritis, 
episcleritis, uveitis 

 Lung  Nodules, infi ltrates, or cavitary lesions; 
alveolar hemorrhage 

 Alveolar hemorrhage  Asthma, fl eeting infi ltrates, alveolar 
hemorrhage 

 Kidney  Segmental necrotizing glomerulonephritis, 
rare granulomatous features 

 Segmental necrotizing 
glomerulonephritis 

 Segmental necrotizing 
glomerulonephritis 

 Heart  Occasional valvular lesions  Rare  Heart failure 
 Peripheral nerve  Vasculitis neuropathy (10 %)  Vasculitis neuropathy (58 %)  Vasculitis neuropathy (78 %) 
 Eosinophilia  Mild eosinophilia occasionally  None  All 

  Reprinted from Stone [ 10 ]. With permission from Springer, 2013 
  Abbreviations :  ANCA  antineutrophil cytoplasmic antibody,  MPO  myeloperoxidase,  PR3  proteinase 3  
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commonly affected region. Upper respiratory symptoms are ultimately present in 90 % of cases. In that GPA also involves 
small- to medium-sized vessels, 10 % of patients eventually developed generalized symptoms within about 6 years.  

   Clinical Overview 

 A multitude of lung lesions may be seen in GPA. Nodules can be noted on chest x-ray without symptoms initially. The patient 
may develop multiple nodules occasionally with cavitation, and interstitial lung disease. However, it is a vasculitis of the lung 
causing hemoptysis or diffuse pulmonary hemorrhage in GPA and MPA that is most concerning in that there is a 60 % mor-
tality rate in patients with diffuse pulmonary hemorrhage [ 16 ]. In addition to asthma, transient pulmonary infi ltrates with 
eosinophilia on bronchoalveolar lavage and non-cavitating nodules may occur in AG, but hemorrhage is rare [ 17 ]. In MPA, 
approximately 25 % of the patients have lung involvement including pulmonary infi ltrates and diffuse pulmonary hemor-
rhage. Large airways may be involved with secondary stenosis causing hoarseness, cough, wheeze, and stridor, particularly 
in GPA [ 16 ]. 

 Involvement of the kidneys presents with a focal segmental necrotizing glomerulonephritis that may progress to a rapidly 
progressive glomerulonephritis with crescents. The latter kidney involvement may affect survival [ 16 ]. Similar lesions occur 
in MPA; however, the course is less aggressive [ 18 ]. While renal disease may occur in Churg–Strauss, it is less severe. 

 Peripheral nervous system involvement is most common in Churg–Strauss with about 70 % affl icted [ 19 ], with MPA 58 % 
[ 18 ], and less commonly in GPA [ 16 ]. Vasculitic neuropathies with mononeuritis multiplex may occur particularly in Churg–
Strauss and microscopic polyangiitis, in addition to cranial and sensory neuropathies. The skin is commonly involved in the 
ANCA-associated vasculitides presenting typically as palpable purpura. Nodules may also be seen in GPA and MPA, and 
urticaria sometimes appears in Churg–Strauss and MPA [ 16 – 18 ]. The heart is less frequently clinically involved in the 
ANCA-associated vasculitides (~20 %), though on postmortem 50 % of hearts from patients with ANCA-associated vascu-
litides have lesions that may contribute to the signifi cant morbidity and mortality seen in these disorders. Approximately 1/3 
of Churg–Strauss patients have gastrointestinal symptoms due to eosinophilic gastroenteritis and mesenteric vasculitis. 
Gastrointestinal problems are rarely seen in GPA. While gastrointestinal symptoms are reported in MPA, any association 
with ANCA-associated vasculitis is not clear [ 16 – 18 ].  

   Sinus Disease in GPA 

 Clinically, chronic rhinosinusitis (CRS) is seen in nearly all patients with GPA. Symptoms include nasal crusting, 
obstruction, and bloody discharge/epistaxis, and with late/aggressive disease, septal perforation and saddlenose defor-
mity are seen [ 16 ,  20 ]. Even though CRS is the most common presenting symptom in GPA, GPA, is not commonly 
considered due to its rarity [ 21 ]. The development of multisystem symptoms months to years subsequently should 
prompt the consideration of GPA in the diffi cult-to-treat CRS patient. The clues that would suggest the diagnosis of an 
ANCA-associated vasculitides in a patient with severe/recurrent CRS would be concurrent disease of the lung, kidney, 
joints, and skin, not otherwise explained, or a preexisting diagnosis of autoimmune disease [ 16 ]. Epiphora may be a 
concomitant symptom. Bloody or purulent/necrotic nasal discharge with an ulcer, septal perforation, and saddlenose 
deformity are common fi ndings seen by ENT after a referral by primary care physicians [ 20 ]. Children may present with 
coincident upper and lower airways involvement with subglottic stenosis and vague constitutional symptoms [ 22 ]. 
Chronic rhinosinusitis (CRS) may develop in GPA requiring functional sinus surgery; however, the outcome is com-
monly poor [ 20 ].  

   Pathogenesis 

 ANCA was fi rst reported in the mid-1980s as cytoplasmic immunofl uorescence in alcohol-fi xed neutrophils appearing in two 
patterns. One pattern showed diffuse cytoplasmic staining labeled c-ANCA and a second peripheral nuclear pattern labeled 
p-ANCA. Though ANCAs were frequently but not exclusively seen in GPA and AG, they signifi cantly enhanced the detec-
tion and evaluation of ANCA-associated vasculitides. The antigen causing c-ANCA is serine proteinase 3 (PR 3) and that 
causing p-ANCA was primarily myeloperoxidase (MPO) with other antigens also identifi ed. The detection of c-ANCA is 
primarily seen in GPA in 80–90 % of the patients, with p-ANCA seen less commonly. P-ANCA is more commonly seen in 
AG (50 %) and MPA (70 %) [ 10 ]. The level of antibody titers does not necessarily correlate with disease severity, and 
changes in antibody titers do not necessarily predict fl are of disease or sustained remission. 
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 Current research shows that ANCAs react with neutrophils and endothelial cells causing endothelial injury, infl ammation, 
and necrotizing vasculitis. Degranulation of neutrophils results in the release of cytokines and chemokines that perpetuates 
the infl ammation [ 23 ] (Fig.  15.3 ). The origin of ANCAs is not known. Compelling data on the role of ANCAs in the disease 
process have been obtained from the development of animal models of MPO-ANCA-associated vasculitis. These models 
suggest that Th17 cells, alternative complement pathway, and infection–Toll-like receptor interactions play signifi cant roles 
in the infl ammation [ 24 ]. A model of anti-PR 3 AAV is being developed.  

   Treatment 

 The management of ANCA-associated vasculitides depends on the organ system involvement. With major life- or organ- 
threatening system involvement, the treatment is cyclophosphamide (CTX) 1–2 mg/kg daily orally adjusted for eGFR with 
corticosteroids 1 mg/kg or, alternatively, the newly approved anti-CD20 antibody rituximab (RIT) for GPA. Intravenous 
cyclophosphamide may also be used. Cyclophosphamide treatment has improved the 5-year survival rate from 18 % to 76 %. 
For non-life-threatening/organ-threatening disease, methotrexate, azathioprine, lefl unomide, and mycophenolate may be 
used. The need for concomitant use of steroids is not clear.    A small percentage (~5 %) of patients may be resistant to CTX. 
An alternative for the refractory patients is RIT. If there is resistance to RIT, various other biologic agents have been used in 
small number of patients [ 25 ]. With major organ involvement, survival of patients with these diseases was measured in 
months until the advent of cyclophosphamide treatment in the early 1980s. Since then, sustained remission is the goal of 
therapy as more varied and newer treatments are being developed [ 25 ,  26 ].   

    Allergic Granulomatosis or Eosinophilic Granulomatosis with Polyangiitis (EGPA) 

   General Description 

 Allergic granulomatosis (AG), eosinophilic granulomatosis with polyangiitis (EGPA), or Churg–Strauss syndrome (CSS) is 
a rare small-vessel vasculitis principally arising in patients with a history of asthma, atopic disease, or both and often 
involves nasal polyposis and sinus dysfunction [ 27 ]. The history of this disorder dates back to 1951 when doctors Churg and 
Strauss fi rst described a syndrome characterized by asthma associated with “fever and eosinophilia, and symptoms of cardiac 
failure, renal damage and peripheral neuropathy resulting from vascular embarrassment in various systems of organs” [ 28 , 
 29 ]. Histology of the cases described by Churg and Strauss were all characterized by tissue eosinophilia, necrotizing and 
granulomatous vascular lesions, and extravascular granulomas in most of the organs studied. There was a particular predis-
position for eosinophilic involvement of the airway. Churg–Strauss syndrome was found to be associated with antineutrophil 
cytoplasmic antibodies (ANCA) in a large proportion of patients since the 1980s [ 30 ]. 

 Churg–Strauss syndrome is currently included in the spectrum of ANCA-associated vasculitis. The syndrome continued 
to be named Churg–Strauss until 2012 when it was revised during a general change in nomenclature for vasculitides as 
eosinophilic granulomatosis with polyangiitis (Churg–Strauss, EGPA) [ 31 ]. To date, there are no commonly accepted diag-
nostic criteria for EGPA (Table  15.2 ). In 1984, Lanham et al. proposed that patients with EGPA should present clinically with 
asthma, eosinophilia, and vasculitic involvement of two or more organs [ 32 ]. In 1990, the American College of Rheumatology 
(ACR) identifi ed six criteria for EGPA:

     1.    Asthma   
   2.    Eosinophilia >10 %   
   3.    Neuropathy   
   4.    Non-fi xed lung infi ltrates   
   5.    Paranasal sinus abnormalities   
   6.    Extravascular eosinophils on biopsy    

  When four or more of these criteria are met, vasculitis can be classifi ed as EGPA with a sensitivity of 85 % and a specifi c-
ity of 99.7 % [ 33 ]. In using the ACR criteria, it is critical that a diagnosis of vasculitis fi rst be made and then the criteria can 
be used to defi ne the type of vasculitis such as EGPA. Conclusions and proposals made at the Chapel Hill Consensus 
Conference on the Nomenclature of Systemic Vasculitis in 1993 defi ned Churg–Strauss as an eosinophil-rich granulomatous 
infl ammation involving the respiratory tract with necrotizing vasculitis affecting small- to medium-sized vessels associated 
with asthma and eosinophilia. Along with Wegener’s granulomatosis (GPA) and microscopic polyangiitis, Churg–Strauss 
was distinguished by being highly associated with the presence of ANCA [ 35 ].  
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   Clinical Overview 

 Allergic rhinitis or rhinosinusitis and asthma are the initial features prior to the development of the EGPA. While nearly 
100 % of patients have asthma, about 70 % have rhinosinusitis. Features which would suggest EGPA are multisystem disease 
with lung infi ltrates (less common non-necrotizing nodules), neuropathy, skin lesions, and cardiac or gastrointestinal involve-
ment in a patient with late-onset asthma with eosinophilia that poorly responds to treatment [ 17 ,  19 ]. Of interest is that the 
development of leukotriene inhibitors (LTRi) for the management of asthma corresponded to a temporal evolution of EGPA 
in some patients. This may have been due to the success of this class of drugs in facilitating a tapering of systemic cortico-
steroids. A defi nite casual association between EGPA and leukotriene inhibitors has not been established. 

 Adding EGPA to the differential diagnosis of CRS adds a complexity to the medical fi elds of otolaryngology and allergy 
in that EGPA commonly evolves slowly over years. As such, a patient with EGPA may fi rst present with any one or more of 
the common atopic manifestations such as allergic rhinitis, nasal polyposis, sinusitis, and asthma. There may be years sepa-
rating the onset of these clinical conditions and the eventual development of classic manifestations of EGPA such as signifi -
cant peripheral eosinophilia, eosinophilic pulmonary infi ltrates, and other organ involvement (e.g., peripheral neuropathy). 
EGPA is proposed to commonly present as a 3-stage process beginning with atopic disease with asthma, rhinosinusitis, and 
nasal polyposis; followed by eosinophilia and eosinophilic organ disease (e.g., lung, heart, GI tract); and subsequently vas-
culitis of the small and medium vessels [ 17 ]. The EGPA-associated rhinosinusitis usually lacks the bloody/purulent dis-
charge and septal perforation of GPA. With such a slow progression of the disease, the differentiation between allergic CRS 
with/without secondary infection and EGPA CRS is sometimes diffi cult.  

   Sinonasal Disease in EGPA 

 In 1980, Olsen et al. reviewed the nasal manifestations of EGPA in a series of 32 patients [ 36 ]. The authors found that 69 % 
(22/32 patients) had nasal disease, 50 % had nasal polyposis, and 36 % had nasal crusting. Importantly, in 32 %, the appear-
ance of polyps preceded the development of asthma or vasculitis. Pansinusitis was found in 80 % of 15 patients who under-
went sinus imaging studies. Another study of Churg–Strauss patients in 2001 revealed a prevalence of allergic rhinitis in 
62.5 %, rhinosinusitis in 37.5 %, and nasal polyposis in 25 % [ 37 ]. In 2006, Bacciu et al. reported on cases of EGPA encoun-
tered in an otolaryngology practice [ 38 ]. Of their patients with a diagnosis of EGPA, 75 % had involvement of the upper 
airway or otologic disease. The most common upper airway problems encountered were allergic rhinitis (43 %) and rhinosi-
nusitis with nasal polyposis (76 %). Three (14.2 %) patients developed chronic rhinosinusitis without polyps and three 
(14.2 %) had nasal crusting. Other otolaryngological manifestations of EGPA encountered were serous otitis media (4.7 %), 
purulent otitis media (4.7 %), progressive sensorineural hearing loss (9.5 %), and unilateral facial palsy (4.7 %).  

   Pathogenesis 

 The exact pathogenesis of eosinophilic granulomatosis with polyangiitis remains elusive. There have been vague genetic 
associations defi ned although the data is inconclusive and suggests rather a genetic predisposition requiring another trigger 

   Table 15.2    Classifi cation criteria and defi nitions commonly used for eosinophilic granulomatosis with polyangiitis (Churg–Strauss, EGPA): 
Lanham’s criteria, ACR classifi cation criteria, and Chapel Hill defi nition   

 Lanham et al. [ 32 ] 
  Asthma 
  Eosinophilia >1.5 × 10 9 /l 
  Clinical or pathological evidence of vasculitis involving at least two organs 
 ACR 1990 a  [ 33 ] 
  Asthma 
  Eosinophilia >10 % 
  Neuropathy (mono- or polyneuropathy) 
  Non-fi xed pulmonary infi ltrates 
  Paranasal sinus abnormalities 
  Extravascular eosinophil infi ltration on biopsy 
 Chapel Hill Consensus Conference 1994 [ 8 ] 
  Eosinophil-rich and granulomatous infl ammation involving the respiratory tract, necrotizing vasculitis affecting small- to medium-sized 

vessels, and associated with asthma and eosinophilia 

  Reprinted from Vaglio et al. [ 34 ]. © 2013 John Wiley & Sons A/S. Published by Blackwell Publishing, Ltd. 
  ACR  American College of Rheumatology 
  a At least four of the six ACR criteria are required to classify vasculitis as EGPA  
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[ 39 ,  40 ]. Better immunologic data suggests that EGPA is an antigen-driven disease. There has been considerable literature 
suggesting EGPA is associated with exogenous factors such as environmental agents, infections, vaccinations, and drugs, 
particularly leukotriene antagonists [ 41 ,  42 ]. The concept of a combination of genetic predisposition and exogenous expo-
sures defi ning the ANCA-associated vasculitides is depicted in detail in Fig.  15.4 .

   The key distinguishing features of this group of disorders have been investigated in detail. The major autoantigens (an 
antigen that despite being a normal tissue constituent is the target of a humoral- or cell-mediated immune response) of 
ANCA are MPO and PR3. When ordering a laboratory test for ANCA, a screening test is fi rst done. If ANCA positivity is 
found, further studies defi ning the two major components of ANCA should be pursued. A perinuclear immunofl uorescence 
pattern (p-ANCA) corresponds with anti-MPO (myeloperoxidase) and is found in 74–90 % of ANCA-positive EGPA cases. 
The remaining EGPA patients have cytoplasmic ANCA (c-ANCA) that corresponds to anti-proteinase-3 (PR3) antibodies or 
rarely mixed (C + P) patterns [ 44 ]. MPO-ANCA is the predominant serotype in MPA patients, whereas PR3-ANCA is usu-
ally found in GPA (Wegener’s). True dual ANCA positivity is rare and raises suspicion of a drug-induced vasculitis. 

 As previously mentioned, in addition to being a diagnostic marker, a pathogenic role for ANCA is supported by experi-
mental data and associations of ANCA with disease activity. However, how distinctive a feature ANCA might be remains 
unclear. ANCA-associated vasculitides can occur without ANCA, and ANCA levels do not clearly correlate well with dis-
ease activity. Ultimately, differences in the functional effects of ANCA epitopes and other autoantibodies associated with 
vasculitis may explain differing clinical associations, but these remain a research tool. 

 Recent evidence suggests that a predominant Th2 response is uniquely active in EGPA (Fig.  15.5 ). A strong association 
is found between EGPA and elevated IgE levels and peripheral eosinophilia. There is also a dramatic increase in serum IgG4 
in active EGPA [ 34 ]. Th2 cytokines (i.e., IL-4, IL-13) boost the humoral immune response and IgE and especially IgG4 
production although the pathogenic importance of IgG4 is unclear. The current concepts of the main immune mechanisms 
inducing EGPA are schematically summarized in Fig.  15.5 .

      Treatment Overview 

 In approaching a patient with EGPA, it is important to include a comprehensive evaluation of multiple organ systems and 
involve a variety of medical specialists accordingly. Furthermore, the prognosis in the disease is highly variable. The degree 
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of ancillary organ involvement and the presence or absence of ANCA have some predictive value. A negative ANCA result 
is associated with an increased proportion of cardiac and gastrointestinal involvement, pulmonary infi ltrates, and fevers/night 
sweats and a decreased proportion of peripheral neuropathy when compared with those who have a positive ANCA (anti- 
MPO) in a study by Healy et al. in 2013 [ 45 ]. There was also a strong association in this study between the composite of 
life-threatening events and deaths and ANCA negativity, suggesting that the absence of anti-MPO might carry a worse 
prognosis. 

 Monitoring the course of therapy is also important in that the disease tends to wax and wane over time. Active EGPA is 
characterized by marked peripheral eosinophilia (usually >1,500 cells/μl or >10 %). Eosinophilia correlates with disease 
activity, and relapses are often heralded by an increase in the absolute eosinophil count [ 46 ]. C-reactive protein and erythro-
cyte sedimentation rates are also high in the active phase of EGPA. 

 There is no consensus regarding the use of a staged, remission-induction and remission-maintenance approach in EGPA. 
Initial therapy is generally determined by a prognostic profi le called the Five-Factor Score [ 47 ]. The Five-Factor Score (FFS) 
includes the presence or absence of heart, gastrointestinal, and central nervous system involvement, proteinuria >1 g/24 h, 
and creatinine >140 lM/l. Patients with an FFS > 1 have a worse prognosis so they are usually treated with a combination of 
glucocorticoids and immunosuppressants (e.g., cyclophosphamide, azathioprine, cyclosporine, and methotrexate). 
Glucocorticoids alone are recommended in those with FFS = 0 [ 48 ]. The Five-Factor approach, however, has been challenged 
by researchers who feel that the use of combination of immunosuppressants and glucocorticoids should also be the fi rst-line 
therapy for patients with peripheral neuropathy and eosinophilic alveolitis or alveolar hemorrhage [ 49 ]. 

 Other therapies for EGPA described in the literature include high-dose intravenous immunoglobulins used in combination 
with plasma exchange, cyclophosphamide and glucocorticoids [ 50 ], and interferon-α [ 51 ,  52 ]. More controversial options 
are treatment with the anti-IgE antibody omalizumab [ 53 – 55 ], mycophenolate [ 56 ], and the anti-interleukin 5 antibody 
mepolizumab [ 57 ]. A detailed review of these various treatment modalities and their outcomes is beyond the scope of this 
text. The reader is referred to references in this chapter for more details (Table  15.3 ). It should be noted that corticosteroids 
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remain the mainstay of therapy for EGPA. Furthermore, despite achieving remission, the disease may relapse in as many as 
50 % of patients.

       Microscopic Polyangiitis 

 In MPA, the sinuses are rarely involved. Management of sinusitis in MPA is similar to GPA [ 58 ]. As mentioned above, sinus 
involvement is minimal in MPA and serves as one of the distinguishing features between the two diseases.   

    Non-ANCA-Associated Vasculitis 

   Sjögren’s Syndrome 

   General Description 

 Sjögren’s syndrome is a systemic autoimmune exocrinopathy which results in decrease of secretions from glands, most 
notably salivary and lacrimal glands. All glands may be affected including that of the nasopharyngeal mucosa. Sjögren’s 
syndrome (SS) is associated with B-cell hyperactivity and the appearance of specifi c serum autoantibodies. Since Sjögren’s 
syndrome can overlap with other autoimmune disorders, it is considered primary if there are no other associated systemic 
rheumatic diseases such as rheumatoid arthritis (30–50 %) and SLE. It may affect up to 2 % of the population, particularly 
older females. As with other autoimmune diseases, there is an immunogenic dysregulation resulting in a polyclonal gam-
mopathy and the production of autoantibodies of many types. Antimuscarinic antibodies appear along with T lymphocyte 
infi ltration which results in the glandular dysfunction characteristic of this disease. The resultant xerostomia causes dyspha-
gia and increased dental caries. The xerophthalmia may cause an irritation sensation, and if chronic and severe, it may result 
in keratoconjunctivitis sicca [ 59 ].  

   Clinical Overview 

 A multitude of organ systems are involved in Sjögren’s syndrome including cutaneous vasculitis, arthritis, myopathy, neu-
ropathy, and nephropathy. There may be a transition from a polyclonal gammopathy with lymphadenopathy to 

   Table 15.3    Induction of remission, maintenance, and novel treatments in Churg–Strauss syndrome   

 Treatment of Churg–Strauss syndrome 

 Induction of 
remission 

  Without poor prognosis  
 Oral prednisone 1 mg/kg daily for 3 weeks, tapering 5 mg every 10 days to 0.5 mg/kg. Then, taper 2.5 mg every 10 days to 

the minimal effective dosage or until defi nitive withdrawal or 1 intravenous methylprednisolone pulse (15 mg/kg) 
followed by oral prednisone (as above) 

 In case of relapse in the fi rst year or treatment failure, add oral azathioprine 2 mg/kg daily for at least 6 months or 6 CYC 
pulses (600 mg/m 2 ) every 2 weeks for 1 month and then every 4 weeks thereafter 

  With poor prognosis  
 Three consecutive methylprednisolone pulses (15 mg/kg) on days 1–3 plus oral prednisone (see above) plus either 12 

cyclophosphamide (CYC) pulses (600 mg/m 2 ) every 2 weeks for 1 month, then every 4 weeks thereafter, or short 
course of CYC (oral 2 mg/kg for 3 months or 6 CYC pulses [600 mg/m 2 ] every 2 weeks for 1 month and then every 
4 weeks thereafter), followed by azathioprine 2 mg/kg for 1 year or more 

 Maintenance of 
remission 

 MTX (10–25 mg/week) 
 Cyclosporin A (1.5–2.5 mg/kg/day) 
 Azathioprine (2 mg/kg/day) 

 Refractory disease a   Plasma exchange 
 IVIG (0.4 g/kg/day for 5 days) 
 Interferon-alpha (three million IU 3 times/week subcutaneously) 
 TNF inhibitors: infl iximab, etanercept, adalimumab 
 Rituximab (325 mg/m 2  for four consecutive weeks) 

  Reprinted from Baldini et al. [ 17 ]. With permission from Elsevier 
  a The following drugs may be considered but have not been proved effi cacious in CSS: mepolizumab (anti-IL-5) (5 monthly infusions of 750 mg 
each) and omalizumab (anti-IgE) (0.016 mg/kg per IU of IgE every 4 weeks, administered subcutaneously at 4-weeks or 2-weeks intervals)  
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pseudolymphoma and rarely B-cell lymphoma. The diagnosis of Sjögren’s syndrome has been facilitated by the American 
College of Rheumatology Sjögren’s classifi cation criteria of 2012 [ 60 ]. The simplifi ed classifi cation criteria require two of 
three objective measures including (1) positive ANA and positive SS-A or positive SS-B or positive rheumatoid factor and 
positive ANA greater than 1:320, (2) labial salivary gland biopsy with a focus score greater than one, and (3) keratoconjunc-
tivitis sicca with staining score greater than or equal to 3. There are exclusionary conditions such as hepatitis C, sarcoidosis, 
and a history of head or neck irradiation.  

   Sinus Disease 

 The upper or lower airways are typically involved with nasal dryness and occasional sinusitis due to decrease in mucus clear-
ance and production [ 61 ]. The lower airways involvement includes interstitial pneumonitis, bronchitis, bronchiectasis, 
BOOP, and COPD. As a systemic process, patients may exhibit a persistent low-grade fever which makes it diffi cult to diag-
nose a pyogenic infection of the airways, including the sinuses, as opposed to a primary disease manifestation.  

   Pathogenesis 

 Sjögren’s syndrome (SS) is a chronic autoimmune disorder associated with B-cell hyperactivity and serum autoantibodies. 
Sjögren’s syndrome is most commonly associated with lymphocyte infi ltration of the lacrimal and salivary glands, resulting 
in dry eyes and a dry mouth; however, lymphocyte infi ltration might extend to the skin, lungs, heart, kidneys, and nervous 
system. Sjögren’s syndrome is associated with antibodies that react with the RNA-binding proteins Ro (also known as SS-A) 
and La (also known as SS-B). 

 As with all autoimmune diseases, the origin of Sjögren’s syndrome appears to be multifactorial. Genetic predisposition 
and epigenetic phenomenon and hormonal and environmental factors are all cited as sources. Tissue destruction is associated 
with the infi ltration by primarily activated T and B infl ammatory cells. The epithelial cells, which are the targets of autoim-
mune responses in SS, seem to be key regulators of the local infl ammatory procedures. Thus, the epithelial cells of the 
affected organs display an “activated” phenotype and appear equipped to participate in the initiation and perpetuation of the 
local autoimmune infl ammatory responses. The etiologic source of this T- and B-cell activation remains a mystery. The 
mystery of SS is moreover increased by the fact that SS may occur alone, as a primary condition, or in association with other 
connective tissue diseases, including rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), and systemic sclerosis 
(SSc), as secondary SS variants (sSS) [ 62 ]. 

 Curiously then, SS can be seen as a clinical entity characterized by a chronic exocrinopathy in which the glandular 
involvement is associated with different phenotypes of systemic autoimmunity [ 63 ]. This complexity has made it diffi cult, 
over the years, to identify a homogeneous group of patients with a common etiopathogenesis or prognosis and ultimately to 
elaborate classifi cation and diagnostic criteria for the disease. 

 In patients with SLE, rheumatoid arthritis, and Sjögren’s syndrome—disorders that primarily affect the kidneys, 
joints, and salivary/lacrimal glands, respectively—an association has been found between elevated levels of BAFF in the 
blood and the severity of disease. This is particularly true for SS [ 64 ]. In view of the effect of BAFF on B-cell activation 
and antibody secretion, this observation is consistent with a possible role for BAFF in the pathogenesis of several autoim-
mune disorders, particularly SS. More severe B-cell disorders, and higher levels of autoantibodies and serum BAFF, are 
observed in patients that have Sjögren’s syndrome compared with other autoimmune disorders [ 65 ]. BAFF is also highly 
expressed in the salivary glands of Sjögren’s syndrome patients [ 66 ]. These observations indicate that the dysregulation 
of BAFF might be linked to disease pathogenesis of SS and can overlap with other autoimmune disorders in humans 
(Fig.  15.6 ).

      Treatment Overview 

 Management of Sjögren’s syndrome is tailored to the clinical manifestations in the individual patient. Commonly, topical 
therapy for sicca symptoms is employed with addition of oral pilocarpine or cevimeline if symptoms persist or start inducing 
gum disease. Extraglandular symptoms may require anti-infl ammatory or immunosuppressant therapy, with the latter 
increasing the risk of complicating infection. Promising biologic agents being investigated are the B-cell response modifi ers 
such as rituximab and belimumab.   
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   Rheumatoid Arthritis 

 Rheumatoid arthritis (RA) is a destructive infl ammatory arthritis associated with autoantibodies rheumatoid factor and anti- 
cyclic citrullinated peptide. To control the symptoms and prevent destruction of the joints, potent anti-infl ammatory immune 
modulators termed disease-modifying antirheumatic drugs (DMARD), such as methotrexate, lefl unomide, and biologic 
response modifi ers, are used. The current approach to disease management is to make an early diagnosis utilizing the 2010 
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ACR/EULAR classifi cation criteria for rheumatoid arthritis and initiating DMARD treatment as soon as the diagnosis is 
confi rmed. 

 Despite the use of DMARDs, whether there is an increased incidence of rhinosinusitis is unclear. A US database suggests 
that there is no more sinus disease in RA patients than in patients with osteoarthritis or fi bromyalgia [ 67 ]. However, a 1999 
Dutch study showed sinusitis was more prevalent than in controls [ 68 ]. While immune modulation with antitumor necrosis 
factor biologics has brought the goal of remission into management, of concern is the report of six cases of sinus aspergil-
loma in 550 patients in a 2009 French study [ 69 ].  

   Behcet’s Disease 

   General Description 

 Behcet’s disease was fi rst reported in 1937 by the Turkish physician Hulusi Behcet. But the clinical disease has been described 
in ancient medical texts. Behcet’s disease has a higher incidence in the Mediterranean basin, between the latitudes of 30° and 
45° north. The disease predominantly affects males, and the mean age at onset is between 20 and 50 years of life. It is uncom-
mon in children. There is a higher incidence among family members although no consistent pattern of inheritance has been 
identifi ed.  

   Clinical Overview 

 Behcet’s syndrome is characterized by recurrent orogenital mucocutaneous ulcerations complicated by eye symptoms, 
skin lesions, arthritis, neurological disease, gastrointestinal disease, and vascular lesions. It is often associated with 
pathergy (minor trauma such as a bump or bruise leads to the development of skin lesions or ulcers that may be resistant 
to healing), especially in the Middle Eastern population [ 70 ]. There are geographic differences in the prevalence (high-
est in the Eastern Mediterranean) and organ system involvement [ 71 ]. Because it appears to be more common in the 
Middle East and central Asia, it became known also as Silk Road disease. Other synonyms include Morbus Behcet 
disease, Adamantiades syndrome, and Adamantiades–Behcet’s syndrome. A necrotizing rhinosinusitis has been rarely 
reported [ 72 ]. 

    The criteria used for the diagnosis of Behcet’s syndrome include recurrent oral ulcerations with three or more physician-
documented occurrences of minor aphthous, major aphthous, or herpetiform ulcerations in a 12-month period. Minor criteria 
for diagnosis are shown in Table  15.4  [ 73 ].

   The presence of an autoantibody has been elusive, although there have been reports of anticardiolipin antibody and anti-
endothelial antibodies. Other autoantibodies described in Behcet’s disease include antibodies to heat shock proteins and 
 Saccharomyces cerevisiae . The presence of these antibodies does not indicate pathogenesis. Moreover, because the presence 
of a specifi c autoantibody is far from pathognomonic for this disease, the diagnosis is based primarily on history and physical 
examination, as indicated by the criteria in Table  15.4 . Histological fi ndings consistent with a vasculitis may be seen on 
biopsy, but again there is no pathognomonic histological fi nding. The eyes and joints are frequently involved, but the disease 
usually takes a rather insidious course, whereby the earliest indication is the presence of recurrent oral ulcers. Oral ulcers 
then progress to eye and skin involvement and eventually the patient experiences genital ulcers as well. Because of the insidi-
ous nature, the delay in diagnosis can be as long as a mean time of 6 years. Vasculitis and nervous system signs are usually 
late manifestations. The gastrointestinal tract can be involved as well, with intestinal ulcers mainly targeting the terminal 
ileum and colon.  

     Table 15.4    Major and minor diagnostic criteria for Behcet’s syndrome   

 Major criteria 
  1. Recurrent oral ulcerations 
 Minor criteria (two of four criteria) 
  1. Recurrent genital ulcerations 
  2. Ophthalmic lesions 
  3. Dermatologic lesions 
  4. Pathergy 
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   Genetic Associations 

 An association with HLA-B*51 has been reported in patients of Turkish or Asian origin [ 74 ,  75 ]. This is less strong in the 
Caucasian populations. The most common alleles that are associated with Behcet’s appear to be HLA-B*5101 and HLA- 
B*5108 [ 76 ]. A recent association with HLA-B*57 has been reported in Caucasian populations [ 77 ]. Whether or not these 
alleles are directly related to an increased susceptibility to disease is unknown. Other genetic polymorphisms have been 
described, including a susceptibility locus on chromosome 6.  

   Sinus Disease 

 Sinus disease has been reported to occur in Behcet’s disease. However, it is rare in Behcet’s. One report attributed sinusitis 
to Behcet’s in a patient in whom granulomatosis with polyangiitis was excluded [ 72 ].  

   Pathogenesis 

 The pathogenesis of Behcet’s disease is unknown. It is characterized as a small-vessel vasculitis. It is believed that the vas-
culitis is the underlying pathology leading to the ocular, oral, and genital manifestations. Other visceral manifestations such 
as gastrointestinal, pulmonary, cardiovascular, musculoskeletal, and neurological may also be attributed to a vasculitis. The 
ulcerative lesions of Behcet’s are characterized by a lymphocytic and mononuclear infi ltration, with surrounding necrosis. 
Fibrin deposition in the vessel walls is a variable feature. Neutrophilic infi ltration can also be seen early on in the disease.  

   Diagnosis 

 The diagnosis is based on the criteria of the International Behcet’s Study Group (Table  15.4 ). Monitoring of the disease is 
based on clinical severity and recurrences. There is no known biomarker that correlates with disease severity. The differential 
diagnosis includes viral infections (especially herpes simplex infections), periodic fever syndromes, drug reactions, and 
other non-IgE-mediated immunologic reactions. 

 The workup for Behcet’s disease should be initiated promptly upon suspicion of the disease because optic nerve involve-
ment may lead to blindness which is a major morbidity of the disease. The workup should include referral to an ophthalmolo-
gist for a complete ophthalmologic examination to assess the presence of uveitis. MRI may be helpful in defi ning optic nerve 
infl ammation. Evaluation of the cerebrospinal fl uid may indicate increased protein and variable cellular infi ltrate. Angiography 
may be helpful in evaluating CNS involvement. Laboratory studies should include the evaluation of infl ammatory markers 
such as erythrocyte sedimentation rate or C-reactive protein.  

   Prognosis and Treatment 

 There is no cure for Behcet’s disease. The treatment of Behcet’s disease includes the use of corticosteroids and other immu-
nosuppressive agents, nonsteroidal anti-infl ammatory agents, and colchicine. Corticosteroid eye drops can be used to treat 
acute anterior uveitis. Posterior uveitis requires the use of corticosteroid injections. Newer biologic modulators have also 
been used to treat Behcet’s. A list of medications that have been used in Behcet’s is shown in Table  15.5 .

       Systemic Lupus Erythematosus 

   General Description 

 Systemic lupus erythematosus (SLE) is an autoimmune disease associated with antibodies to nuclear factors, most notably 
DNA. SLE may affect every organ system and may be life-threatening. An increased risk for infection has been long known 
and documented in a study of 200 SLE patients in 2001, wherein 32 % had infections during a duration of 22 months of 
follow-up. Two patients had bacterial upper respiratory tract infections (not further specifi ed) with active disease and renal 
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involvement prominent risk factors for all infections [ 113 ]. An older study reporting results of imaging (MRI/CT) studies 
done on 21 patients with a variety of neurological symptoms showed evidence of sinusitis in two patients, both who com-
plained of headaches. The added risk of immunosuppressive therapy is not fully clear [ 114 ]. Additional information on the 
sinus manifestations of other autoimmune diseases can be found in Chap.   9    .   

   Table 15.5    Potential medications used in the treatment of Behcet’s disease   

 Medication  Class 
 Mechanism of action in Behcet’s 
disease  Comments and role in Behcet’s 

 Acyclovir  Antiviral  Unknown  No evidence of effi cacy in Behcet’s 
 Anti-CD52  Monoclonal antibody, 

CAMPATH-1 against 
CD52 

 CD52 may be an anti-adhesion 
molecule 

 Has history of use in autoimmune diseases and 
malignancies 

 Azathioprine  Purine analogue  Immunosuppressive  2.5 mg/kg/day improves prognosis and effective 
treatment for ocular symptoms [ 78 ,  79 ] 

 Chlorambucil  Nitrogen mustard alkylating 
agent 

 Immunosuppressive  Previously widely used in Behcet’s, but 
signifi cant toxicity 

 Colchicine  Inhibitor of mitosis  Inhibits microtubule polymeriza-
tion, inhibits neutrophil 
migration 

 1–2 mg/day improves some features of Behcet’s 
[ 80 – 82 ] 

 Corticosteroids  Steroid hormone  Immunosuppressive, inhibitor of 
protein synthesis, DNA-altering 
activity 

 Mainstay of therapy at current time 

 Cyclophosphamide  Nitrogen mustard alkylating 
agent 

 Immunosuppressive agent  May be useful in uveitis, but signifi cant side 
effects exist [ 83 ] 

 Cyclosporine  Calcineurin inhibitor  Immunosuppressive  Mainstay of therapy; benefi cial effect on 
mucocutaneous features of disease; be 
careful with patients who have neurological 
features as it may worsen these [ 84 – 89 ] 

 Dapsone  Antibacterial, 
antimycobacterial 

 Modifi es neutrophil chemotaxis and 
inhibits myeloperoxidase 
activity, also acts as an 
antioxidant 

 100 mg daily is associated with improvement in 
orogenital ulcers, but may have side effects 
including methemoglobinemia, agranulocy-
tosis and hemolysis [ 90 ,  91 ] 

 Etanercept  Anti-TNF fusion drug  Inhibits TNFα, immunosuppressive  Few case studies have shown effi cacy in 
Behcet’s 

 Infl iximab  Monoclonal antibody to 
TNF 

 Inhibits TNFα, immunosuppressive  In many autoimmune diseases, response may be 
better than etanercept. Not clear if this is the 
case in Behcet’s [ 92 – 94 ] 

 Interferon-α  Cytokine  Immunoregulatory agent  One randomized controlled trial showed 
reduction in severity of ulcers, articular 
disease, and ocular disease [ 95 – 99 ] 

 Methotrexate  Antimetabolite, antifolate  Immunosuppressant  For neurological manifestations [ 100 ,  101 ] 
 Mycophenolate mofetil  Reversible inhibitor of 

inosine monophosphate 
dehydrogenase 

 T- and B-cell suppression  Steroid-sparing agent, used in Behcet’s 
controversial [ 102 ,  103 ] 

 NSAID  Nonsteroidal anti- 
infl ammatory agents 

 Anti-infl ammatory  No evidence of effi cacy in treating arthritis 
associated with Behcet’s 

 Penicillin  Beta-lactam antibiotic  Treats potential bacterial involve-
ment in Behcet’s 

 Anecdotal use [ 104 ,  105 ] 

 Pentoxifylline  Xanthine derivative  Anti-TNF activity  Used for orogenital ulcerations in Behcet’s 
disease [ 106 – 108 ]  Inhibits free radical synthesis, inhibits 

perforin, suppresses CD8+ 
lymphocyte proliferation, 
inhibition of pro-infl ammatory 
cytokines 

 Sulfasalazine  Sulfa drug  Anti-infl ammatory or antibacterial  Used in treatment of gastrointestinal symptoms 
 Tacrolimus  Calcineurin inhibitor  Immunosuppressive  Used to treat refractory posterior uveitis. 

Different side effect profi le from cyclospo-
rine may affect choice of drugs from this 
class [ 109 ] 

 Thalidomide  Antinausea and sedative 
drug 

 Intercalating agent, downregulates 
TNF synthesis 

 Signifi cant teratogenic side effects, limited use 
in Behcet’s [ 110 – 112 ] 

 Warfarin  Anticoagulant  Prevents thrombosis and embolic 
events associated with Behcet’s 

 No standardized protocol for use 
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   Sarcoidosis 

   General Description 

 Sarcoidosis is a multisystem noncaseating granulomatous disease of unknown etiology (Fig.  15.7 ). Sarcoidosis is character-
ized by a compartmentalization of CD4+ T helper 1 (Th1) lymphocytes and activated monocyte/macrophages within involved 
organs, including the airway, lymph nodes, and skin [ 115 ]. Most cases involve the airway but the disease process may be 
diffuse [ 116 ]. In approximately 60 % of patients, the disease spontaneously resolves without serious sequelae [ 117 ]. However, 
in some subjects, the persistence of the antigenic stimulus favors a chronic infl ammatory state resulting in granuloma forma-
tion in various organs (including the respiratory tract) and an evolution towards fi brosis.

      Pathogenesis 

 At its most basic level, a granuloma is a compact, organized aggregate of mature macrophages that arises in response to a 
persistent stimulus [ 118 ]. Mature macrophages are characterized by their increased cytoplasmic size and larger numbers of 
organelles, and by their ruffl ed cell membranes, which are thought to render them more phagocytic and microbicidal [ 119 ]. 
Granuloma macrophages can undergo additional changes such as fusing into multinucleated giant cells or differentiating into 
foam cells, which are characterized by lipid accumulation. The consequences of these changes are not well understood [ 120 , 
 121 ]. Many other cell types can populate the granuloma, such as neutrophils, dendritic cells, B and T cells, natural killer 
cells, fi broblasts, and cells that secrete extracellular matrix components [ 122 ]. 

 Although the triggering stimulus remains unknown, the pathogenesis of sarcoidosis is orchestrated by a complex sym-
phony of cytokines and chemokines. In the earliest phase, there is a local overproduction of Th1 cytokines, such as interleu-
kin 2 (IL-2) and interferon-γ, associated with the high expression of macrophage-derived molecules such as IL-15, CXCL10, 
CXCL16, CCL57, and CCL20 [ 123 – 126 ]. Th17, a CD4+ effector T cell, has also been described as a key component of 
sarcoidosis [ 127 ]. Th17 cells release an array of cytokines, including proinfl ammatory cytokines, and have been incriminated 
in autoimmunity and Th1 chronic infl ammatory diseases, such as psoriasis and infl ammatory bowel diseases and lung fi bro-
sis [ 128 – 130 ].  

   Clinical Overview 

 Sinonasal involvement in sarcoidosis is unusual. In general, sarcoidosis of the upper respiratory tract occurs in up to 18 % of 
patients with sarcoidosis and is more common in the nose than in the sinuses [ 131 – 133 ]. Estimates of the prevalence of 
granulomatous rhinosinusitis in patients with sarcoidosis and coexisting lupus pernio are greater than 50 %. Lupus pernio 
(LP) is the most characteristic cutaneous lesion in sarcoidosis. LP refers to the blue-violet-colored skin lesions seen on the 
nose, perioral area, mandible, ears, elbows, hands, fi ngers, and on the eyelids. Spiteri et al. diagnosed upper respiratory tract 
disease in 54 % of their LP patients. In 34 % of their patients whose nasal bone and sinus radiographs were available, some 
abnormality compatible with sarcoidosis was found [ 134 ]. In another report, defi nite or probable sinus involvement was seen 
in over half of the LP patients [ 135 ]. 

 The published experience with sinonasal sarcoidosis consists of case reports supported by histopathologic studies of 
nasal mucosa and sinus tissue. The diagnosis of sinonasal sarcoidosis can be problematic because nasal granulomas may 
occur in a variety of conditions other than sarcoidosis, and the sarcoidosis-associated nasal obstruction may produce non-
granulomatous bacterial sinusitis [ 136 ,  137 ]. Furthermore, nasal and sinus involvement in sarcoidosis have been reported 
to occur independently without pulmonary involvement adding to the diagnostic uncertainty with this disorder [ 133 ]. 
A failure to include isolated sarcoid sinonasal disease in the differential diagnosis of chronic rhinosinusitis can result in a 
delay in diagnosis which can lead to intractable symptoms from atrophic rhinosinusitis and other therapeutic 
misadventures. 

 In 1999, DeShazo et al. proposed three diagnostic criteria for sarcoid rhinosinusitis [ 138 ]. These criteria included both 
histopathologic and clinical features (Table  15.6 ). The proposed criteria were:

•     Radiologic evidence of sinusitis—such as mucoperiosteal thickening or opacifi cation of a sinus as detected by plain fi lm, 
computed tomography scan, or magnetic resonance imaging  

•   Histopathologic confi rmation of noncaseating granuloma in the sinus tissue supported by negative stains for fungus and 
acid-fast bacilli  

•   Negative serologic test results for syphilis and antineutrophil cytoplasmic antibodies  
•   No clinical evidence of other disease processes associated with granulomatous nasal and sinus infl ammation    
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  Fig. 15.7    ( a – c ) Endoscopic biopsy of left ethmoid sinus in patient 1 ( a ,  b ). The low-power panel ( b ) shows a fairly large granuloma with a 
Langhans-type giant cell ( arrow ) immediately abutting the respiratory epithelium of the sinus tissue. The higher-power panel ( a ) shows two dis-
crete granulomas, one subepithelial ( large arrow ) and one slightly deeper, with a focally dense background of chronic infl ammatory cells, pre-
dominantly plasma cells. Note cilia on the respiratory surface ( small arrow ). Endoscopic biopsy of left ethmoid sinus in patient 4 (low-power 
panel,  d ). Compared with the fi ndings in patient 1, the granulomas ( arrows ) are more uniform and slightly deeper in the mucosa but equally dis-
crete. The infl ammatory infi ltrate is also less dense. The Langhans-type giant cell (high-power panel,  c ) contains amorphous material ( arrow ) that 
did not change under polarized light (Reprinted with permission from DeShazo et al. [ 138 ])       
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 These authors found a close association between sinonasal sarcoidosis and nasal crusting, anosmia, and epistaxis. A false- 
positive diagnosis of sarcoid rhinosinusitis was not made (sensitivity 19 %, specifi city 100 %) if a patient with chronic rhi-
nosinusitis had two (2) signs/symptoms of nasal crusting, anosmia, or epistaxis. With chronic rhinosinusitis and one (1) sign/
symptom of nasal crusting, anosmia, or epistaxis, sensitivity was 56 % and specifi city was 90 %. 

 Rhinoscopic examination of patients with sinonasal sarcoidosis and crusting and/or epistaxis reveals changes seen in any 
form of atrophic rhinitis (Fig.  15.8 ). Rhinoscopic evaluation of patients without crusting or epistaxis often reveals discrete 
nodules on the inferior turbinates (Figs.  15.9  and  15.10 ). Biopsy of a nodule will reveal noncaseating granulomas consistent 
with the diagnosis of sarcoidosis (Fig.  15.11 ). CT scan substantiates the diagnosis of chronic rhinosinusitis (Fig.  15.12 ). At 
times, changes on CT can raise the suspicion of sarcoidosis if nodular lesions are observed (Fig.  15.13 ).

   Table 15.6    Summary of diagnostic criteria for sarcoid rhinosinusitis   

 1. Mucoperiosteal thickening or opacifi cation of a sinus as detected by plain fi lm, computed tomography scan, or magnetic resonance imaging 
 2. Histopathologic demonstration of noncaseating granuloma in material taken from the upper respiratory tract. Special stains for fungus and 

mycobacteria must have been negative, and no evidence of vasculitis or cholesterol crystals may be present 
 3. Data were required to exclude other disease processes associated with granulomatous infl ammation, including tuberculosis, granulomatosis 

with polyangiitis, and fungal infection 

  Reprinted from Reed et al. [ 139 ]. With permission from Elsevier  

  Fig. 15.8    Rhinoscopic    fi ndings in a patient in this study with 
long-standing sarcoidosis and secondary atrophic rhinosinusitis. 
Pertinent fi ndings inlcude areas of bloody crusts surrounding 
areas of hemorrhage ( black arrows ) surrounded by hypertrophic 
mucosa ( white arrow ) (Reprinted with permission from Reed 
et al. [ 139 ])       

  Fig. 15.9    Rhinoscopy fi ndings in a patient with sarcoid 
rhinosinusitis in this study. Discrete nodules on the inferior 
turbinate ( black arrows ) are present on a granular mucosa 
( white arrow ) that is a lighter shade of red than normal mucosa 
(Reprinted with permission from Reed et al. [ 139 ])       
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  Fig. 15.10    Sarcoid nodule on inferior turbinate (Reprinted from Braun et al. [ 140 ]. With permission from Wiley & Sons)       

  Fig. 15.11    Patients had areas of acute and chronic 
mononuclear cell mucosal infl ammation. This 
photomicrograph shows a noncaseating granuloma consisting 
of an aggregate of epithelioid histiocytes surrounded 
(Reprinted with permission from Reed et al. [ 139 ])       

           Treatment 

 There have been no studies on the effectiveness of pharmacologic treatment in large series of patients with sarcoidosis of the 
upper airway. While many patients with sarcoidosis do not require therapy, there are a signifi cant number who require long- 
term treatment. For most patients, corticosteroids represent the best initial treatment, either systemic or intralesional when 
critical organs are involved or when symptoms are severe. However, steroid-sparing agents have been increasingly useful for 
the long-term management of these patients despite the lack of standardized measures to assess such therapy in large ran-
domized double-blind placebo-controlled trials. In chronic patients, immunosuppressive and cytotoxic drugs, such as metho-
trexate, azathioprine, and cyclophosphamide, have been used with variable success [ 115 ,  141 ,  142 ]. In patients with chronic 
refractory sarcoidosis, anti-cytokine agents that block TNF have been proposed. These therapies include pentoxifylline, 
thalidomide, and more recently infl iximab, etanercept, and adalimumab [ 143 – 145 ]. Use of thalidomide is limited by its tox-
icity and more clinical control trials are necessary to confi rm its effi cacy [ 145 ]. Infl iximab is a chimeric antibody, which 
specifi cally inhibits TNF alpha. Infl iximab and other TNF-blocking agents have been successfully used in patients with 
persistent symptomatic sarcoidosis [ 144 ,  146 ,  147 ]. Sharma reported the effectiveness of antimalarial agents (such as chlo-
roquine and hydroxychloroquine) in treating selected patients with sarcoidosis [ 148 ]. Surgery is useful for intranasal man-
agement of complications such as chronic rhinosinusitis and airway obstruction. However, septoplasty may be complicated 
by septal perforation. 

 Despite the lack of FDA-approved therapy for sarcoidosis, the introduction of powerful biologic agents which block cyto-
kines, such as tumor necrosis factor, has expanded the options available for refractory cases. Newer biologic agents are being 
studied for this disease. As these drugs become more widely available and outcome measures for various disease phenotypes 
developed, we can expect better quality of life and treatment outcomes.   
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  Fig. 15.12    Representative CT fi ndings for our patients 
with sarcoidosis. ( a ) Axial view of patient 1 shows 
partial opacifi cation of the right and left ethmoid air 
cells and mucosal thickening within both maxillary 
sinuses. ( b ) Axial view of patient 2 shows soft tissue 
mass in left maxillary sinus with bilateral thickening of 
the nasal turbinates. ( c ) Coronal view of patient 3 
shows recurrence of disease after bilateral functional 
endoscopic sinus surgery, complete left and subtotal 
right maxillary sinus opacifi cation with recurrent 
obstruction of both osteomeatal units, recurrent disease 
in residual right ethmoid air cells, and bilateral nasal 
obstruction from mucosal involvement. ( d ) Coronal 
view of patient 4 shows complete opacifi cation of the 
left maxillary and ethmoid sinuses with subtotal 
opacifi cation of the right ethmoid air cells and bilateral 
hypertrophy of the nasal turbinates. ( e ) Coronal view of 
patient 5 shows ongoing nasal disease after bilateral 
functional endoscopic sinus surgery and occlusion of 
left nasal passage resulting from nasal septal deviation 
and mucosal thickening of left middle and inferior 
turbinates. ( f ) Coronal view of patient 6 shows mucosal 
thickening in both maxillary sinuses with obstruction 
of the osteomeatal complexes bilaterally and bilat-
eral opacifi cation of ethmoid air cells (Reprinted from 
DeShazo et al. [ 138 ]. With permission from 
Mosby, Inc.)       

  Fig. 15.13    Nasal sarcoidosis, axial computed tomography scan. Sarcoid granulomas on the nasal septum and inferior turbinates 
(Reprinted from Braun et al. [ 140 ]. With permission from Wiley & Sons)       
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   Idiopathic Midline Destructive Disease (IMDD) 

 Idiopathic midline destructive disease is a rare disease. It is characterized by a progressive course starting with pansinusitis and 
then extending to destruction of the midline structures of the upper respiratory tract including the nasal septum and the hard and 
soft palate. There is no systemic involvement. The lesions in both the nasal passages and the oropharyngeal and laryngotracheal 
areas are characterized by ulcerative, nonhealing lesions that progress to the development of holes in these structures. The ero-
sion of the bony structures can lead to complications including extension into the bony orbit or Eustachian tube damage. 

   Pathology 

 The pathological features of IMDD include chronic infl ammation with infi ltrate of infl ammatory cells including neutrophils, 
lymphocytes, monocytes, plasma cells, and histiocytes. Eosinophils are not usually seen. There is necrosis of the tissue with 
involvement of arterioles, but a granulomatous vasculitis is not part of this syndrome. Because secondary infection is com-
mon, cultures should be done when evaluating these patients.  

   Prognosis and Treatment 

 This is a frustrating disease because oftentimes the treatment used to arrest the progression of destruction of the paranasal 
sinuses and related structures is worse than the disease itself. The main forms of treatment include steroids, cytotoxic agents, 
and low-dose radiation therapy. Complications of radiation therapy include damage to the brainstem and the development of 
iatrogenic neoplastic diseases.     

    Differential Diagnosis of Sinusitis in Autoimmune Diseases 

 In most autoimmune diseases, sinus manifestations are not the only organ system involvement. Most autoimmune diseases 
are multisystem, though there are exceptions (e.g., IMDD). Given the multiorgan involvement, the differential diagnosis is 
broad especially if there is the possibility that each organ system involvement is due to a separate etiology. The differential 
diagnosis of autoimmune-related sinus disease is noted on Table  15.7 .

   The European Vasculitis Study (EUVAS) group has established a staging system for ANCA-associated vasculitis. They 
classify the disease into fi ve stages: localized, early systemic, generalized, severe, and refractory. A description of each stage 
is shown in Table  15.8 .

   As discussed above, biopsies play a signifi cant role in the evaluation of ANCA-associated vasculitides. The sensitivity 
of the biopsy depends on the tissue sampled. In autoimmune vasculitis, the various sites of involvement may be biopsied. 

   Table 15.7    Differential diagnosis of antineutrophil cytoplasmic antibody-associated vasculitis   

 Another form of ANCA-associated vasculitis 
  Granulomatosis with polyangiitis, Churg–Strauss syndrome, microscopic polyangiitis, drug-induced ANCA-associated vasculitis, or 

renal-limited vasculitis 
 Another form of vasculitis. Typical vasculitic mimickers: 
  Polyarteritis nodosa, Henoch–Schönlein purpura, cryoglobulinemia, antiglomerular basement membrane disease 
 Systemic infl ammatory disorders associated with autoimmunity 
  Systemic lupus erythematosus, sarcoidosis, infl ammatory bowel disease, relapsing polychondritis 
 Infection 
  Endocarditis, sepsis, deep fungal infections, mycobacteria (Mycobacterium tuberculosis and Mycobacterium avium-intracellulare), actinomy-

cosis, syphilis 
 Malignancy 
  Lymphomatoid granulomatosis, lymphoma, Castleman’s disease, lung tumors 
 Hypereosinophilic disorders 
  Allergic bronchopulmonary aspergillosis, chronic eosinophilic pneumonia, eosinophilic gastroenteritis, eosinophilic fasciitis, hypereosino-

philic syndrome, eosinophilic leukemia 
 Miscellaneous 
  Idiopathic pulmonary alveolar hemorrhage, illicit drug use (intranasal cocaine, smoking of crack) 

  Reprinted from Stone [ 10 ]. With permission from Springer, 2013 
  Abbreviation :  ANCA  antineutrophil cytoplasmic antibody  
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The sites are commonly the upper and lower airway (sinus and lungs), the kidney, the nervous system, and the skin. The yield 
of the biopsy as a function of site is illustrated in Table  15.9 .

   What are the clues that there is an autoimmune etiology in a patient with sinus disease? Many autoimmune diseases are 
systemic. If a patient presents with sinus disease but also gives a history of other organ system disease, then it is important 
to think about an autoimmune link. The tests with the highest yield in support of a suspicion of concurrent autoimmune-
mediated sinus disease are the sedimentation rate and/or CRP and the measurement of ANCA (anti-proteinase 3 or anti-
myeloperoxidase antibodies).  

    Summary and Conclusions 

 Sinus disease is a relative uncommon component of autoimmune diseases. The mechanisms that lead to the development of 
sinus disease as a manifestation of autoimmune disorders are not known. The factors that lead sinus disease in patients with 
autoimmune disease may include host immunologic factors, an environmental factor, or epigenetic factors that infl uence the 
expression of certain immune-related genes. Perhaps the most well-known association of sinus disease in autoimmunity 
occurs in the ANCA-positive vasculitides, granulomatosis with polyangiitis, Churg–Strauss syndrome, and microscopic 
polyangiitis. The role of autoantibodies in the pathogenesis is not entirely clear, but ANCA (specifi cally anti-proteinase 3) 
seems to be a relatively consistent feature of autoimmune sinusitis. But other non-ANCA-associated autoimmune diseases 
can also manifest with sinus pathology, and therefore, the approach to sinus disease should always include consideration of 
an autoimmune etiology. It is common that the diagnosis of autoimmune diseases such as GPA or AG is not made during the 
time when sinus disease presents alone, as there is no pathognomonic laboratory test that will identify these diseases. Other 
systemic involvement in these diseases affects the skin, lungs, and kidneys. Therefore, the diagnosis of autoimmune-related 
sinus disease is based on history with supportive objective testing, including markers of infl ammation (erythrocyte sedimen-
tation rate or C-reactive protein), detection of autoantibodies (ANCA, in particular), and the presence of urinary tract pathol-
ogy (such as the presence of RBC casts refl ecting glomerular pathology). Additional information can be gained by biopsy of 
the sinus and nasal structures. Granulomas or giant cells may support the diagnosis of autoimmune disease, but the absence 
of granulomas does not rule out the disease. Biopsies of other sites, as mentioned above, may be helpful as well.     
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    Chapter 16   
 Anterior Rhinoscopy and Nasal Endoscopy in the Diagnosis 
of Sinonasal Disease 

             Douglas     R.     Johnston       and     Marc     R.     Rosen     

           Introduction 

    Complaints of nasal and sinus disease can often be somewhat vague and overlapping. Clinicians rely heavily on a detailed 
 history and physical examination to support the diagnosis. We emphasize that the sinonasal examination be performed within 
the context of a complete head and neck examination. With the latest consensus statements on the diagnosis of rhinosinusitis 
emphasizing characteristic physical examination fi ndings, historical fi ndings are no longer enough to make a diagnosis. For 
most practitioners (the majority of rhinosinusitis is treated by primary care physicians), the physical examination consists 
largely of the ability to visualize the anterior to mid-nasal cavities on anterior rhinoscopy. This technique is performed either 
with an otoscope or with a nasal speculum and external light source. A more comprehensive examination allows the specially 
trained practitioner to also visualize the posterior nasal cavity and nasopharynx with a rigid or fl exible endoscope. The fl exible 
nasopharyngolaryngoscope (NPL) permits the further examination of the posterior oropharynx, hypopharynx, and larynx. 
Because the NPL is fl exible, it is superior than the rigid scope for diagnostic purposes. The rigid scope has advantages of better 
image quality and a rigid structure that permits the practitioner to operate it with one hand, freeing the other hand for other tasks. 

 The techniques of sinus percussion and transillumination have largely been abandoned, although palpating the areas over 
the frontal and maxillary sinuses is thought to be valuable. This chapter aims to outline the indications for anterior rhinos-
copy and nasal endoscopy. Additionally, we describe the anatomic landmarks and appearance of the disease that aid in the 
diagnosis of common nasal and sinus pathologies. The anatomy reviewed herein is not meant to be a comprehensive review, 
but instead serves to highlight the anatomic features that can be observed on anterior rhinoscopy and nasal endoscopy. 
A comprehensive anatomic description is found elsewhere in this text. Lastly, examination techniques are described to pro-
vide the best opportunity to diagnose nasal and sinus pathology.  

    Indications for Anterior Rhinoscopy 

 Anterior rhinoscopy should be a part of the routine head and neck examination, especially if there are complaints of unilateral 
or bilateral nasal obstruction, epistaxis, rhinorrhea, facial pain, or anosmia. With the use of an otoscope speculum or nasal specu-
lum with a headlight, the practitioner can evaluate from the nasal vestibule anteriorly potentially to the level of the middle tur-
binate posteriorly. A detailed view of the middle turbinate, middle meatus, and mid-septum can be diffi cult to obtain, however, 
due to the limitation of lighting and optics and to anatomic variations, such as septal deviation, signifi cant nasal mucosal edema, 
or rhinorrhea. The main purpose of anterior rhinoscopy is to evaluate the character and appearance of the nasal mucosa of the 
septum and inferior turbinates. Mucosal edema from infection and allergic rhinitis, septal deviation, inferior turbinate 
 enlargement, nasal masses, and, occasionally, nasal polyps are the common pathologies usually visible by anterior rhinoscopy.  
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    Indications for Flexible or Rigid Nasal Endoscopy 

 Using a fl exible fi beroptic nasopharyngolaryngoscope (NPL) affords visualization of the anterior nasal cavity, as in routine 
anterior rhinoscopy, and further to the posterior nasal cavity, nasopharynx, oropharynx, hypopharynx, and larynx. Many 
allergists and otolaryngologists employ this instrumentation for routine head and neck examinations. More commonly, the 
NPL is used by specialists for the same reasons that anterior rhinoscopy is indicated and, additionally, to evaluate rhinosi-
nusitis, potential polyposis, sinonasal neoplasms, unilateral and bilateral Eustachian tube or middle ear dysfunction (i.e., 
otitis media), certain cranial nerve defi cits, headaches, cervical adenopathy, and obstructive causes of sleep disordered 
breathing. In willing pediatric patients, NPL exam can obviate the need for radiation exposure from a lateral neck x-ray in 
the diagnosis of adenoid hypertrophy causing upper airway obstruction. Of course, nasal endoscopy can, also, be used to 
evaluate pre- and postsurgical patients, assess treatment responses, and, in general, answer any clinical question that cannot 
alone be answered by anterior rhinoscopy (Table  16.1 ).

       Commonly Visualized Sinonasal Anatomy [ 1 ,  2 ] 

    Nasal Vestibule, Pyriform Aperture, and Anterior Nasal Valve 

 The inside of the nares, within the hair-bearing portion of the nasal cavity and anterior to the maxillary process (anterior bony 
nasal fl oor), is defi ned as the nasal vestibule. Its roof is the nasal ala. The vestibule ends at the mucocutaneous junction. The 
nasal pyriform aperture is the bony opening of the nasal cavity and is mentioned herein as it can be congenitally narrowed 
and cause nasal obstruction. It consists of the anterior cartilaginous nasal septum medially, the nasal bones superiorly, the 
lateral wall of the maxillary processes laterally, and the bony nasal fl oor inferiorly. The anterior nasal valve is mentioned, 
similarly, because its narrowing can cause diffi culty with nasal breathing. The anterior nasal valve is defi ned medially by the 
septum, superolaterally by the upper lateral cartilage, laterally by the inferior turbinate, and inferiorly by the nasal fl oor. 
Whether performing anterior rhinoscopy with an otoscope speculum or a traditional nasal speculum, these areas must be 
traversed with the instrumentation to visualize the remainder of the anterior and mid-nasal cavities.  

    Nasal Septum 

 The nasal septum divides the nasal cavities and is composed, roughly, of cartilage in its anterior half (the quadrangular car-
tilage) and bone in its posterior half (perpendicular plate of the ethmoid superiorly, vomer inferiorly) until its termination 
before the nasopharynx at the nasal choanae. The bone of the perpendicular ethmoid plate is thin and attaches superiorly to 

   Table 16.1    Indications    for nasal endoscopy         

 Unilateral/bilateral nasal obstruction 
 Epistaxis 
 Rhinorrhea 
 Facial pain/headache 
 Anosmia 
 Rhinosinusitis 
 Sinonasal neoplasms 
 Eustachian tube or middle ear dysfunction (i.e., otitis media) 
 Selected cranial nerve defi cits 
 Cervical adenopathy of unknown origin 
 Obstructive causes of sleep disordered breathing 
 Assess treatment response 
 Evaluate pre- and postsurgical patients 
 Other upper respiratory signs/symptoms not answered by 

anterior rhinoscopy 
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the skull base at the cribriform plate. Thicker bone is found posteriorly in the vomer, which attaches inferiorly to the maxil-
lary crest anteriorly and the palatine bone posteriorly. The tissue overlying the septum consists superfi cially of mucosa 
overlying the perichondrium or periosteum.  

    Inferior Turbinate 

 The turbinates exist as outgrowths from the lateral nasal wall and have a role in causing airfl ow turbulence, resulting in 
humidifying and heating inhaled air (Fig.  16.1 ). The turbinates are also known as “conchas” because of their thin bone is in 
the shape of a scroll. They are housed in the normal nasal mucosa and periosteum. The inferior turbinate attaches laterally to 
the superior projection of the palatine bone as the lateral nasal wall forms the medial border of the maxillary sinus. This 
turbinate parallels the fl oor of the nasal cavity. Lateral to the inferior turbinate, approximately 1 cm posterior to its anterior 
edge, drains the nasolacrimal duct.

       Middle Turbinate 

 Like the inferior turbinate, the middle turbinate emanates from the lateral nasal wall, but its anterior portion differs in that it 
attaches to the fovea ethmoidalis (ethmoid roof). In its posterior portion behind the ethmoid bulla, the middle turbinate 
attaches laterally to the medial wall of the orbit (lamina papyracea). This posterior attachment point is called the basal or 
ground lamella, and it separates the anterior and posterior ethmoid sinuses. An ethmoid cell within the confi nes of the middle 
turbinate is known as a concha bullosa. 

 The middle turbinate defi nes additional important anatomic boundaries. The space above the inferior turbinate, lateral to 
the middle turbinate, and medial to the lateral nasal wall is known as the middle meatus. The middle meatus is the drainage 
point into the nasal cavity of the anterior ethmoid, maxillary, and frontal sinuses.  

    Uncinate Process 

 The uncinate process is a vertically oriented bone in its superior half and a horizontally oriented bone in its posterior half, 
forming a reverse “L” shape. It can sometimes be visualized medial to the middle turbinate as it arises from the lateral nasal 
wall. Its superior projection normally attaches to the lateral nasal wall at the lamina papyracea but can attach to the middle 
turbinate or the ethmoid roof. Its vertical segment is anterior to the natural os of the maxillary sinus and its horizontal seg-
ment is inferior to it.  

Superior

Middle

Inferior

  Fig. 16.1    Lateral nasal wall showing the position of the superior, middle, and inferior turbinates       
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    Ethmoid Bulla 

 The ethmoid bulla is the largest of the anterior ethmoid air cells and sits posterosuperior to the natural os of the maxillary 
sinus. If the middle turbinate is well medialized, this structure can sometimes be visualized posterior to the uncinate process. 
It may extend superiorly to the roof of the ethmoid labyrinth or form the posterior wall of the nasofrontal recess if a more 
anterior ethmoid air cell (agger nasi) is absent. Drainage of the ethmoid bulla occurs in the suprabullar, or retrobullar, recess. 
This space is bounded superiorly by the fovea ethmoidalis, inferiorly by the superior surface of the ethmoid bulla, medially 
by the middle turbinate, laterally by the lamina papyracea, and posteriorly by the basal lamella.  

    Superior Turbinate 

 This turbinate is usually the most superior and posterior of the turbinates, although a supreme turbinate may exist medial to 
the superior turbinate. The superior turbinate may have a role in olfaction, unlike the middle and inferior turbinates. The 
superior turbinate has a more oblique orientation posteriorly and superiorly to the middle turbinate. The natural os of the 
sphenoid can be found posteromedially to the superior turbinate.  

    Nasopharynx 

 The nasopharynx is the area within the nasal cavity posterior to the termination of the septum and the choanae. It contains 
the adenoid tissue superiorly, the ventral surface of the soft palate inferiorly, and the Eustachian tube orifi ce (torus tubarius) 
and fossa of Rosenmüller laterally.  

    Oropharynx, Hypopharynx, and Larynx 

 The oropharynx, hypopharynx, and larynx are not covered in any detail in this chapter, but are mentioned to be complete with 
reference to the anatomy that can be visualized by the NPL. The oropharynx is the space that exists inferior to the soft palate, 
superior to the tip of the epiglottis, and posterior to the circumvallate papilla of the tongue (posterior 1/3 of tongue). It con-
tains the tongue base, palatine tonsils, lingual tonsils, uvula, and lateral and posterior pharyngeal walls. The hypopharynx is 
comprised of the tissue inferior to the oropharynx that does not belong to the larynx. This includes the pyriform sinus and 
posterior and lateral pharyngeal walls. 

 The larynx has an integral function in respiration, phonation, and protection of the airway during deglutition. Its compo-
nents include the mucosa-covered epiglottic cartilage superiorly and anteriorly, which abuts the base of the tongue and has 
the potential space called the vallecula in between. The paired false vocal cords are superior to the paired true vocal cords. 
Posteriorly the arytenoid cartilages are mucosal covered and have an articulation to the true vocal cords posteriorly. The 
remaining cartilaginous framework of the larynx consists of the thyroid cartilage superiorly and the cricoid cartilage inferi-
orly. The thyroid cartilage is not circumferential, unlike the cricoid cartilage, which is the only complete cartilage ring of the 
airway.   

    Other Anatomic Spaces and Clefts 

    Osteomeatal Complex (OMC) 

 This three-dimensional space is the drainage pathway of the frontal sinus, maxillary sinus, and anterior ethmoid sinuses into 
the nasal cavity. Its boundaries are not precise, but generally is defi ned by the lateral nasal wall laterally, the middle turbinate 
medially, and the ethmoid bulla posteriorly.  
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    Ethmoid Infundibulum 

 A subdivision of the OMC, it is the three-dimensional space that contains the actual sinus ostia of the nasofrontal recess, the 
maxillary sinus, and the anterior ethmoid cells. It sits lateral to the uncinate process.  

    Semilunar Hiatus 

 The two-dimensional space between the uncinate process anteriorly and the ethmoid bulla posteriorly.  

    Sphenoethmoidal Recess 

 This recess is hard to access and lies posterior, superior, and medial to the superior turbinate. Within it are the ostia of the 
posterior ethmoid and sphenoid sinuses.  

    Fossa of Rosenmüller 

 Vertical cleft lying posterior to the torus tubarius and anterior to the adenoid pad. It is a common site for nasopharyngeal 
malignancies.   

    The Paranasal Sinuses 

    Frontal Sinus 

 The frontal sinus lies anterior to the frontal lobe of the brain and is variably pneumatized within the frontal bone of the fore-
head. The nasofrontal recess is its drainage pathway and exists anterior and superior to the agger nasi cells and lateral to the 
anterior portion of the middle turbinate, eventually draining into the OMC.  

    Maxillary Sinus 

 This aerated chamber is positioned inferior to the orbit and posterior to the maxillary face. Its fl oor can contain the tooth roots 
of the maxillary molars. Within the maxillary sinus, a natural fl ow of mucus directed by the cilia of the respiratory epithelium 
leads to the natural os on the posterosuperior medial wall. Accessory ostia are not uncommon at a 10 % occurrence rate and 
may be larger than the natural opening. The maxillary sinus drainage then exits into the OMC via the infundibulum.  

    Anterior Ethmoid Sinuses 

 The anterior half of the ethmoid sinuses is anterior to the basal lamella. This group of ethmoid cells consists of the ethmoid 
bulla and the infundibular cells, which are comprised of the suprainfundibular cell, the terminal cell, and the agger nasi cell. 
Lateral to the anterior and posterior ethmoids is the orbit and superior is the brain protected by the skull base. The anterior 
ethmoids contain the suprabullar and retrobullar recesses, or clefts, which are the drainage for the ethmoid bulla. The other 
anterior ethmoids drain directly into the infundibulum and through the semilunar hiatus into the OMC. Agger nasi cells can 
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interfere with the nasofrontal outfl ow depending on their size and position. Supraorbital ethmoid cells can extend laterally 
over the orbit, and infraorbital ethmoid cells within the maxillary sinus are known as Haller cells.  

    Posterior Ethmoid Sinuses 

 The posterior half of the ethmoid sinuses is posterior to the basal lamella and consists of between one and fi ve cells that are 
generally larger than the anterior cells, except for the ethmoid bulla. Pneumatization of the posterior ethmoid cells may extend 
into, or laterally and superiorly to, the sphenoid sinus. These extensions are known as Onodi cells and may house an unpro-
tected optic chiasm or petrous carotid artery. Posterior ethmoids usually drain into the superior, or sphenoethmoidal, recess.  

    Sphenoid Sinus 

 This is the most posterior paranasal sinus with close relationship to the brain superiorly and posteriorly and to the carotids 
and cavernous sinuses posterolaterally. The inter-sinus septum between the paired sphenoid sinuses is frequently asymmetric 
and often inserts over the carotid artery. The natural os is located within the superior extent of the anterior sinus wall.   

    Common Pathologies Identifi ed on Nasal Endoscopy 

    Nasal Mucosa 

 The pseudostratifi ed columnar respiratory epithelium of the upper respiratory tract should have a moist surface and healthy 
pink color with no edema. Commonly, the appearance of the mucosa alerts the clinician to an infl ammatory condition, such 
as the boggy look or blue hue in the infl ammation of allergic rhinitis (Fig.  16.2 ), the hyperemic appearance of acute or 
chronic rhinosinusitis, or the very pale or necrotic brown/black appearance of invasive fungal disease. In the case of allergic 
rhinitis, the persistence of mucosal edema can lead to impaired ciliary function and stasis of secretions, which can play a 
heavy hand in the etiology of chronic rhinosinusitis. Dry mucosa can be present in sicca syndrome, low humidity environ-
ments, or chronic infl ammation. The return of a more normal mucosal appearance signifi es a return to normal function after 
disease resolution or therapeutic response.

  Fig. 16.2    Rigid endoscopic picture of the middle meatus. * watery 
edema of the middle turbinate,  S  nasal septum,  IT  inferior turbinate       
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       Nasal Septum 

 The most common septal pathology is septal deviation, which exists in most patients to a variable degree. Rarely will the 
degree of deviation prohibit the practitioner from performing ipsilateral nasal endoscopy, especially if properly anesthe-
tized. A signifi cant anterior septal defl ection can measurably limit unilateral nasal airfl ow, whereas a severe mid-septal 
defl ection can obstruct the osteomeatal complex and result in ipsilateral middle turbinate underdevelopment (Fig.  16.3a, 
b ). Septal deviation can result from defl ection of the cartilaginous septum, bony septum, or both. Another nasal septal 
pathology is perforation, which results from autoimmune processes like granulomatosis with polyangiitis (GPA), cocaine 
or oxymetazoline abuse, and postsurgical complications (Fig.  16.4 ). Epistaxis originates most commonly from the anterior 
septum in the area of Kiesselbach’s plexus, which is a confl uence of vessels from the internal and external carotid systems 
(Fig.  16.5 ).

a b

  Fig. 16.3    ( a ) Rigid endoscopic picture of anterior broad septal defl ection on the left side with underdevelopment of the middle turbinate.  S  nasal 
septum, * middle turbinate,  IT  inferior turbinate. ( b ) Rigid endoscopic picture of a large bony septal spur ( arrowhead ) extending underneath a 
middle turbinate that has a concha bullosa (*)       

  Fig. 16.4    Large septal perforation. The inferior turbinates ( IT ) and 
middle turbinates (*) are seen bilaterally through the septum ( S )       
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         Turbinates 

  Inferior Turbinate : Enlargement of the inferior turbinate can be directly from the underlying bony structure or from chronic 
infl ammation secondary to allergic rhinitis and chemical irritation. 
  Middle Turbinate : As the middle turbinate is a part of the middle meatus, it is commonly involved in sinonasal pathologic 
disease. To begin, any source of mucosal infl ammation, be it allergic rhinitis or standard viral upper respiratory infection, can 
result in mucosal congestion and a tendency to obstruct the outfl ow of the osteomeatal complex. Pneumatization of the 
middle turbinate with an aberrant ethmoid air cell is known as a concha bullosa, which can obstruct nasal airfl ow or the com-
mon outfl ow of the frontal, maxillary, and anterior ethmoid sinuses (Fig.  16.6 ). Those patients prone to nasal polyposis often 
have polypoid change to the middle turbinate, as well.

  Fig. 16.5    Flexible endoscopic picture of the left anterior septum with 
prominent vasculature of Kiesselbach’s plexus with mild mucosal 
excoriation       

  Fig. 16.6    Rigid endoscopic picture of osteomeatal complex 
obstruction secondary to a pneumatized uncinate process abutting a 
concha bullosa of the middle turbinate.  U  uncinate process, * concha 
bullosa of the middle turbinate,  IT  inferior turbinate       
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       Nasopharynx 

 Nasopharyngeal pathology can cause upper airway obstruction and Eustachian tube dysfunction with resulting middle ear 
disease and, even, epistaxis in the case of nasopharyngeal neoplasms. Adenoid hypertrophy or chronic adenoiditis are the 
most common conditions affecting the nasopharynx, producing airfl ow obstruction, stasis of secretions, and postnasal drip 
(Fig.  16.7 ). Children are often diagnosed as having refractory nasal allergies when, in fact, they have adenoid hypertrophy, 
which can completely obliterate the nasopharyngeal airway and result in sleep disturbance. Adenoidectomy would be the 
recommended treatment. In the case of persistent unilateral or bilateral Eustachian tube dysfunction, NPL exam is  manda-
tory  to rule out the presence of nasopharyngeal neoplasms, such as nasopharyngeal carcinoma, usually accompanied by 
cervical adenopathy, lymphoma of the fossa of Rosenmüller, or a juvenile nasopharyngeal angiofi broma (JNA) in pubertal 
males, to name a few (Fig.  16.8 ). Lastly, choanal atresia or stenosis can be ruled out as sources of unilateral or bilateral nasal 
obstruction in the pediatric age group.

  Fig. 16.7    Rigid endoscopic picture of mildly enlarged adenoids seen 
through the right choana.  S  nasal septum, * middle turbinate,  IT  
inferior turbinate       

  Fig. 16.8    Rigid endoscopic picture of left nasal juvenile 
nasopharyngeal angiofi broma that originated in the posterior nasal 
cavity and grew anteriorly. * middle turbinate,  S  nasal septum,  JNA  
juvenile nasopharyngeal angiofi broma       
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        Sinonasal Polyposis 

 Nasal polyps, when prominent, can be visualized on anterior rhinoscopy. This condition should be investigated more thor-
oughly with nasal endoscopy, however. Most commonly, polyps arise from the ethmoid sinuses and prolapse into the nasal 
cavity, with anterior ethmoid and maxillary polyps visible in the middle meatus (Fig.  16.9 ). With a sometimes translucent, 
clear to yellow and gelatinous appearance, polyps can amorphously fi ll the sinuses and outfl ow tracts of the sinuses and cause 
chronic sinusitis. In overwhelming polyposis, these middle meatus polyps can prolapse into and completely obstruct the 
nasal cavity. Posterior ethmoid and sphenoid sinus polyps extend into the sphenoethmoidal recess and can be seen sometimes 
medial to the middle turbinate. Samter’s triad is the condition of nasal polyposis, asthma, and aspirin allergy that can be dif-
fi cult to eradicate, requiring surgery, anti-infl ammatory modulators, and aspirin desensitization. There exists a strong 
 correlation between the presence of nasal polyposis on endoscopy and CT scan fi ndings positive for sinusitis [ 3 ].

       Rhinosinusitis 

 Anterior rhinoscopy is limited in its ability to diagnose rhinosinusitis when compared to both fl exible and rigid endoscopy 
because it can be diffi cult to see the middle meatus. However, according to the American Academy of Otolaryngic Allergy 
Working Group on Chronic Rhinosinusitis (CRS), anterior rhinoscopy can support the diagnosis of rhinosinusitis, realizing 
that the majority of practitioners making this diagnosis are general practitioners [ 4 ]. Anterior rhinoscopy  in the decongested 
state  is the fi rst objective physical exam component in diagnosing acute or chronic rhinosinusitis and represents the mini-
mum degree of the physical exam needed, as fl exible and rigid endoscopies are more specifi c. The Sinus and Health Allergy 
Partnership published the  objective  requirements for the diagnosis of CRS in 2003 because the subjective historical evidence 
alone is not accurate, which is an update from the position of the 1997 Task Force on Rhinosinusitis [ 3 ,  5 ,  6 ]. The most 
diagnostic fi ndings on anterior rhinoscopy or endoscopy are discolored nasal drainage or nasal polyps. Additional supporting 
evidence is edema, erythema, or granulation tissue of the middle meatus or ethmoid bulla [ 7 ]. 

 Further objective support in diagnosing CRS is through CT scans of the sinuses that reveal mucosal thickening, air-fl uid 
levels, and bony changes of the sinuses. CT scanning is not recommended for diagnosing acute sinusitis, unless there are 
concerns for facial abscess, orbital complications, or intracranial extension of infection. 

 Original inquiries into the correlation between endoscopic evidence of sinus disease and CT evidence of sinusitis in those 
who met the criteria for chronic rhinosinusitis showed a sensitivity of 75 % and specifi city of 84 % [ 8 ]. Subsequent publications, 
however, have shown a much less robust correlation in terms of sensitivity and specifi city [ 3 ,  6 ]. On the other hand, it appears 
that the positive predictive value and negative predictive value are useful, according to another study [ 1 ]. In other words, when 
strong endoscopic fi ndings like purulence, polyps, or polypoid congested mucosa were present on endoscopy, the patient was 
likely to have a positive CT. Likewise, a negative endoscopic exam was predictive of a negative CT in 78 % of patients. 

  Fig. 16.9    Rigid endoscopic picture of a lobulated, somewhat 
translucent nasal polyp emanating from the middle meatus.  S  nasal 
septum,  P  nasal polyp       
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 The subjective criteria for the diagnosis of chronic rhinosinusitis, which by defi nition must be of at least 12 weeks’ dura-
tion, are that published in 1997 by the Task Force on Rhinosinusitis (Table  16.2 ) [ 9 ]. To fulfi ll the subjective component of 
diagnosis, two major or one major and two minor criteria must be met.

       Sinonasal Neoplasms 

 Although uncommon, neoplastic masses in the nasal cavity and nasopharynx prompt a thorough work-up and timely referral 
to an otolaryngologist. Common signs and symptoms include unilateral nasal obstruction, epistaxis, and rhinorrhea. Many 
common upper airway diagnoses can present similarly, such as rhinosinusitis, but routine diagnoses that are refractory to 
medical management should be investigated with imaging or referred to an otolaryngologist without delay.  

    Pathology of the Oropharynx, Hypopharynx, and Larynx 

 The pathologies of the oropharynx, hypopharynx, and larynx are numerous and most will not be covered in this chapter. 
Neoplasms of the oral cavity and oropharynx can extend to the nasal cavity, the nasopharynx, or erode through the hard and 
soft palate where they can be visualized. Extra-esophageal acid refl ux, such as seen in laryngopharyngeal refl ux, can cause 
infl ammation of the entire upper airway, especially in the neonate and infant who spend more time in the reclined position. 
Therefore, signs of infl ammation and erythema of the larynx can sometimes be linked to nasal and nasopharyngeal infl am-
mation, and this etiology of sinonasal disorders should be considered when clinically appropriate. Cobble stoning of the 
posterior pharyngeal wall is a sign of infl ammatory response of the oropharyngeal mucosa and can signify signifi cant acid 
refl ux. However, it should be mentioned that a chronic postnasal drip can illicit the same mucosal response and result in 
laryngeal infl ammation and voice changes.   

    Examination Technique 

    Decongestion and/or Anesthesia 

 The application of a topical decongestant, such as oxymetazoline, phenylephrine, or ephedrine, is recommended for both 
anterior rhinoscopy and nasal endoscopy in the diagnosis of rhinosinusitis. Other decongestants are available, some of 
which also contain anesthetic properties, such as 4 % cocaine solution. Regardless of the type of decongestant, it aids in 
reducing mucosal edema that can blur anatomic variants. An active rhinosinusitis will not be void of its associated edema 
or erythema after decongestion, but some practitioners prefer to fi rst perform anterior rhinoscopy or nasal endoscopy in the 
decongested state to visualize the native appearance of the nasal mucosa. The addition of an anesthetic agent to topicalize 
the nasal mucosa prior to endoscopy allows for a more pain-free experience for the patient and permits a full endoscopic 
evaluation. Four percent lidocaine is a popular choice. With proper anesthesia, the endoscopic exam should be associated 
with minimal pain, but the sensation of pressure is not uncommon. If the delivery device atomizes the liquid, the medica-
tions usually reach the desired nasal mucosa, but if a thin spray or stream is used, at least one spray should be directed at a 

  Table 16.2    Subjective criteria for diagnosis of rhinosinusitis  

 Major criteria  Minor criteria 

 Facial pain or pressure  Headache 
 Purulent nasal discharge  Fever 
 Hyposmia or anosmia  Halitosis 
 Nasal obstruction  Fatigue 
 Facial congestion or fullness  Dental pain 

 Ear pain, pressure, or fullness 
 Cough 
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45° angle superiorly to assure adequate effect on the mid and superior sinonasal structures. Alternatively, some practitioners 
prefer applying viscous medications or cotton tip applicators and cotton swabs soaked with decongestants and/or 
anesthetics.  

    Anterior Rhinoscopy 

 Anterior rhinoscopy is accomplished with either an otoscope with its attached otic speculum or with a nasal speculum and 
external light source. Either way, the purpose is to obtain a wide view of the anterior nasal cavity. Standing on the patient’s right 
side with the patient’s head straight ahead or toward the practitioner and the instrument in the left hand is the proper position. 
The patient’s head position is best when rested on a headrest or wall, if available. The right hand can be used to push the nasal 
tip superiorly and/or hold the left face for stability and comfort. The practitioner must be reminded to attempt to visualize to 
the level of the middle turbinate posteriorly, which can be a challenge given the limited focal length of the otoscope of approxi-
mately 2.5 cm. The wide view is best accomplished with the otic speculum by placing it against the inferior edge of the lower 
lateral cartilage (nasal ala) and gently displacing this tissue superiorly. Because the optic properties of the otic speculum are 
telescopic (they cone down onto the target), instead of endoscopic, the otoscope must be rotated in all directions to gain the 
most comprehensive picture of the anterior nasal cavity. It is all too common to be satisfi ed with a limited telescopic view and 
not attempt to “compile the most evidence” by looking around circumferentially and focusing on the more posterior anatomy. 
Anterior rhinoscopy can be accomplished without touching the nasal septum, which may cause discomfort and bleeding. 

 Using the nasal speculum with an external light source is more challenging but affords a more global view than does the 
otoscope without the limited focal length. This wider view improves recognition of anatomic landmarks. A standard nasal 
speculum for anterior rhinoscopy need not be large like those used surgically for nasal operations. The metal of a speculum 
can be cold, so warning the patient can avoid a startled movement. By placing the speculum handles in one’s palm, the prac-
titioner can open the speculum. The speculum tip is placed against the inferior edge of the lower lateral cartilage and gently 
displaced superiorly while the index fi nger maintains a point of contact with the ipsilateral nasal bone to achieve maximal 
control in the event of patient movement (Fig.  16.10 ). The speculum is then opened in a superior-inferior direction with the 

  Fig. 16.10    Demonstration of the nasal speculum in the left nasal 
vestibule with slight opening of prongs and forefi nger on the nasal 
dorsum for point of control       
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handles in the horizontal plane. Otolaryngologists commonly use a head mirror with an external lamp located posterior to 
the patient or a head lamp because this allows a free right hand to hold another instrument or gently hold the patient’s left 
face. However, it is also acceptable to have an external light source in the right hand for illumination.

       Nasal Endoscopy 

 The comments in this section generally apply to both the rigid and fl exible endoscopes; however, it should be emphasized 
that they each have distinct indications. As it has superior maneuverability, the fl exible NPL is the preferred comprehensive 
diagnostic tool over the rigid scope in that it can more easily image the sinonasal ostia and recesses. In comparison, the rigid 
scope’s rodlike structure offers improved image resolution and the ability to have a second hand free to hold other instru-
ments. Various manufacturers exist for both types of sinonasal endoscopes. The use of endoscopes designed for other ana-
tomic regions should generally be avoided. Rigid endoscopes have superior illumination and optics compared to the 
traditional fl exible scopes because the fl exible scopes rely on fl exible fi beroptic glass channels that result in an inherent 
degree of image degradation due to loss of light and image fragmentation. The exception to this rule is the newer “distal chip” 
scopes in which the image capture device at the distal scope end relays the image digitally to its processor, preventing the 
usual loss of quality. 

 The standard diameter of the rigid scope is 4.0 mm, but a 2.7 mm size may be needed in pediatric patients, or those in 
whom signifi cant anatomic obstruction exists. A zero degree rigid endoscope is the most common type, but 30, 45, and 70° 
scopes employ special prisms at the tip to allow for superior angled views as dictated by the clinical situation. Likewise, 
variations in diameter of fl exible NPLs result in different quality of optics, and the smaller ones may enhance the practitio-
ner’s ability to perform endoscopy on children or through stenotic areas. Some larger endoscopes even have working side 
channels for the purpose of administering medication, taking biopsies, or performing other procedures. The care and proper 
cleaning of scopes will not be reviewed here, but it deserves mention that scope condoms, or sheaths, are commonplace these 
days to protect the instrument, and some sheaths include working side channels. 

 Depending on the anxiety level of the patient, informing the patient about some details of the examination can provide 
some assurance. Patients should be encouraged to keep their eyes open and breathe through their nose, making sure to inform 
the practitioner of any discomfort so that sensitive anatomic sites can be avoided altogether or at least until the termination 
of the exam. As a general rule, easy to examine areas should be visualized fi rst to engender confi dence and avoid any early 
discomfort. For example, visualizing the maxillary or sphenoid ostia has the greatest likelihood of causing some discomfort 
because of the angulation required and diffi culty of anesthetizing these areas. 

 Proper patient positioning is important to keep the head still. The patient’s head should be in the horizontal plane or 
slightly fl exed, looking straight ahead or slightly toward the examiner, and rested on a headrest of an otolaryngology exam 
chair or a wall. Otolaryngology exam chairs allow patient height to be adjusted, as well. Once again, the examiner should be 
on the right side of the patient. If the endoscope is transmitting images to a video screen via a camera, the screen should be 
opposite the examiner over or behind the patient’s left shoulder. 

 Rigid endoscopes are held in the left hand and the fi ngers of the right hand either stabilize the scope shaft or gently hold 
the patient’s face (this hand can also hold a second instrument). The rigid scope is rested on the inferior edge of the nasal ala, 
pushing it gently superiorly as a point of stability to avoid the sensitive nasal septum. For the fl exible NPL, the distal end of 
the scope is held between the thumb and forefi nger of the left hand, while the third through fi fth fi ngers rest against the nasal 
dorsum or forehead and provide a point of contact to stabilize the scope. This patient contact is benefi cial if the patient moves 
unexpectedly or if the practitioner can detect grimacing or wincing secondary to discomfort. Advancing the scope is done 
cautiously in the anterior-posterior direction, while steering is accomplished with the right hand. The thumb of the right hand 
controls the lever on the handle of the scope allowing for directing the fl exible tip superiorly and inferiorly, and wrist rotation 
permits rotating the scope to direct the tip medially and laterally. 

 The examination sequence should be systematic and proceed from the easiest to most diffi cult areas to examine. Being 
consistent with the examination sequence prevents forgetting steps and serves as a framework for gathering information. 
Normally, the anterior nasal cavity and nasopharynx are easiest to examine fi rst, followed by the oropharynx, hypopharynx, 
and larynx, if indicated during fl exible endoscopy, and fi nish with the sphenoethmoidal recess osteomeatal complex. 
Occasionally, asking the patient to blow his or her nose or irrigate with saline affords a view without excessive mucus or 
crusting. At any point when the view is not clear, it is best to slowly withdraw the scope until familiar landmarks are 
identifi ed. 

 To begin, defog the tip of the scope with soapy water or a commercial antifog agent and insert the scope into the vesti-
bule. Advance the scope in the anterior-posterior direction approximately 1 cm to gain a global view of the inferior turbi-
nate, nasal fl oor, septum, and middle turbinate (Fig.  16.11a, b ). From this position, fl exion of the tip superiorly 60° shows 
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the anterior face of the agger nasi cell. The scope can be advanced on the nasal fl oor between the inferior turbinate and the 
septum. In the case of turbinate enlargement, the scope can be passed instead superiorly to the inferior turbinate, which also 
gives a view of the tip of the middle turbinate (Fig.  16.12a, b ). Next, advance the scope inferomedial to the middle turbinate 
on the way to the middle then posterior nasal cavities. At this point, fl exing the scope 90° superiorly shows the roof of the 
nasal cavity. In the posterior nasal cavity, approximately 4–5 cm deep, the nasopharynx can be visualized, taking note of 
the adenoid size and appearance, the opening of the Eustachian tube (torus tubarius), and the fossa of Rosenmüller 
(Fig.  16.13 ).

     Examining the torus tubarius and Eustachian tube orifi ce for signs of patency or obstruction is accomplished by fl exing 
the scope tip superiorly when behind the vomer then rotating the scope approximately 90° in the counterclockwise direction. 
The contralateral Eustachian tube orifi ce is visualized by advancing further into the nasopharynx, fl exing the tip superiorly, 
and rotating 90° in the clockwise direction. These maneuvers also allow examination of the fossa of Rosenmüller bilaterally 
as long as the adenoids are not too hypertrophied. 

a b

  Fig. 16.11    ( a ) Approximate scope position allowing for global nasal view. ( b ) Rigid endoscopic picture from anterior vantage point giving global 
view.  S  nasal septum, * middle turbinate,  IT  inferior turbinate       

a b

  Fig. 16.12    ( a ) Approximate scope position allowing for middle meatus view. ( b ) Rigid endoscopic picture of left middle turbinate with mild 
allergic edema       

 

 

D.R. Johnston and M.R. Rosen



291

 Advancing the scope beyond the soft palate in an inferior direction permits visualization of the oropharyngeal structures. 
Further advancement along the posterior pharyngeal wall allows the examiner to see the larynx where airway patency, voice 
function, and protective laryngeal refl exes can be assessed. The details of this portion of the examination are beyond the 
scope of this chapter. 

 As the scope is returned to the nasopharynx upon withdrawal, the sphenoethmoidal recess is visualized (Fig.  16.14a, b ). 
This is accomplished more easily with the fl exible scope with superior fl exion when the tip is a few centimeters from the 
choana. Traversing the space between the posterior middle turbinate and the septum with the rigid scope can cause discom-
fort. As the scope is further withdrawn and the inferior edge of the middle turbinate comes into view, superior fl exion and 
counterclockwise rotation may permit a view of the natural maxillary sinus os lateral to the middle turbinate within the 
infundibulum. Similarly, accessory ostia may be seen. This view is commonly not possible because the turbinate is posi-
tioned too laterally to permit visualization. Likewise, the nasofrontal outfl ow cannot be seen under normal circumstances 

  Fig. 16.13    Rigid    endoscopic view of the posterior edge of torus 
tubarius, just posterior to the Eustachian tube orifi ce and the fossa of 
Rosenmüller.  TT  torus tubarius,  FR  fossa of Rosenmüller       

a b

  Fig. 16.14    ( a ) Approximate scope position allowing for view of the sphenoethmoidal recess. ( b ) Flexible endoscopic picture of the sphenoeth-
moidal recess between the superior turbinate and nasal septum above the level of the middle turbinate. * middle turbinate, ** sphenoethmoidal 
recess,  Arrowhead  superior turbinate       
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either. A view of the osteomeatal complex with a rigid scope is mostly comprised of the anterior tip of the middle turbinate 
and a view of the uncinate process. Rarely can one see the ethmoid bulla or maxillary sinus os with a rigid scope unless the 
middle turbinate can be gently medialized, which requires excellent anesthesia (Fig.  16.15a, b ).

    Following endoscopic sinus surgery, it is possible to see much more in the region of the osteomeatal complex owing to 
the fact that the middle turbinate has been medialized and the natural os of the maxillary sinus has usually been enlarged. 
The nasofrontal recess can be seen in many patients, as can some of the anterior and posterior ethmoid cells that otherwise 
would not have been available for view (Fig.  16.16 ). The postoperative patient should be examined with the same criteria 
for evaluating disease, such as the presence of mucosal edema and erythema and the existence of purulence or polypoid 
change. These patients, however, usually allow the practitioner to more easily discriminate whether acute and chronic sinus-
itis exists.

a b

  Fig. 16.15    ( a ) Rigid endoscopic picture of the osteomeatal complex.  U  uncinate process,  EB  ethmoid bulla, * middle turbinate. ( b ) Rigid 
 endoscopic picture of the natural maxillary sinus os lateral to the middle turbinate after gentle middle turbinate medialization.  U  uncinate process, 
* middle turbinate       

  Fig. 16.16    Rigid endoscopic picture of the ethmoid sinuses after ear 
tube surgery. The lamina papyracea ( LP ) is lateral and the ethmoid 
sinuses ( E ) now widely opened with the skull base visible superiorly 
and the middle turbinate medially (*)       
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       Special Considerations in Pediatric Patients 

 Performing nasal endoscopy on children of ages approximately 2–6 years can be challenging, if not nearly impossible, due 
to patient fear. Under the age of two, the guardian can hold the patient with the patient’s back against the seated guardian’s 
chest. The patient’s legs are constrained between the guardian’s legs, the patient’s arms held by one arm of the guardian, and 
the patient’s head held by the guardian’s other arm. Alternatively, an assistant can hold the child’s head while the guardian 
uses both arms to hold the patient’s arms. By approximately 6 years of age, a child can potentially understand the purpose of 
endoscopy and may allow it. Endoscopy in children can more readily be performed if the novelty and technology are played 
up so that the focus is not on the expectations of the exam. The use of topical medications in the wary child can scare the 
patient and preclude endoscopy if the medication administration is perceived to be uncomfortable in any way. Thus, it is wise 
sometimes to minimize the preparation and anticipation in pediatric patients. It goes without saying that it is imperative to 
build a strong rapport with the child so he or she trusts the practitioner. Although it can generally be stated that for adult 
patients the easy parts of the endoscopic exam should be performed fi rst, this is not always the case with children because 
the child may only allow a small window of time before he or she refuses further cooperation. Therefore, it is sometimes 
recommended to visualize the anatomic region of most interest fi rst.   

    Conclusions 

 Anterior rhinoscopy is a routine part of the head and neck examination and can be enhanced by performing it with a nasal 
speculum because of superior optics compared to an otoscope. Visualizing the middle meatus and nasal mucosa is encour-
aged for diagnosing sinusitis clinically. The ability to diagnose chronic rhinosinusitis and other sinonasal pathologies, as well 
as examine the structures distal to the mid-nasal cavity, is predicated upon endoscopy equipment and skills. Familiarity with 
basic anatomy and commonly encountered pathology is required for all endoscopy practitioners. Likewise, the examination 
sequence and technique for both children and adults are specifi c and allow for best diagnostic conditions.     
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    Chapter 17   
 Imaging of the Paranasal Sinuses: Plain-Film Radiography, 
Computed Tomography, and Magnetic Resonance Imaging 

                Mahmood     F.     Mafee      ,     Nikdokht     Farid      , and     Wei     Yen     Lim     

           Introduction 

    The paranasal sinuses develop as outgrowths of the fetal nasal cavities [ 1 – 3 ]. Maxillary and ethmoid sinuses develop during 
fetal life. Frontal and sphenoid sinuses are not present at birth but develop during the early years of life [ 1 – 3 ]. By 4–5 months 
after birth, the maxillary sinuses can be readily identifi ed particularly on computed tomography (CT) scans. At birth, the size 
of the anterior ethmoid group is approximately 5 mm high, 2 mm long, and 2 mm wide, and the posterior group is 5 mm high, 
4 mm long, and 2 mm wide [ 3 ]. After birth or a few months later, the maxillary sinuses and in particular ethmoid air cells 
can be potentially infected and cause orbital sinogenic infection.  

    Overview of Radiologic Imaging 

 Conventional plain-fi lm radiography may be used as a screening method for various pathological conditions of the sinonasal 
cavities [ 1 ,  4 – 7 ]. This will provide orientation and direction to further indicated examinations, such as computed tomography 
(CT) and magnetic resonance imaging (MRI) [ 1 ,  5 ,  6 ]. Detailed bony structures of the paranasal sinuses and base of the skull 
are best evaluated on CT scans [ 1 ,  2 ,  8 – 15 ]. MRI, on the other hand, provides more information concerning soft tissue struc-
tures of the sinonasal cavities, face, and base of the skull. The intracranial complications of rhinosinusitis and intracranial 
extension of sinonasal neoplasms are best evaluated using MRI [ 1 ,  2 ,  5 ,  16 ]. 

 The appearance of the lesions of paranasal sinuses, nasal cavity, and the face on CT or MRI scans does not always provide 
suffi cient evidence for a specifi c histological diagnosis; however, cysts and cartilaginous, fi bro-osseous, and osseous tumors 
are an exception. These lesions often can be accurately diagnosed on CT scans. The combination of CT scan and MRI pro-
vides maximum information for orbital and intracranial complications of sinonasal infl ammatory conditions, as well as 
sinonasal tumors [ 1 ,  2 ,  16 ]. 

 Although a plain-fi lm sinus series can be of value in acute rhinosinusitis and for the initial evaluation of chronic rhinosi-
nusitis and other sinonasal diseases, signifi cant discrepancies are often noted between a sinus series and a CT scan [ 1 ,  2 ,  6 ]. 
CT scanning remains the study of choice for the imaging evaluation of acute and chronic infl ammatory disease of sinonasal 
cavities. MRI is superior to CT in differentiating infl ammatory conditions from neoplastic processes [ 1 ,  2 ,  10 ,  16 ]. Most 
infl ammatory lesions are quite hyperintense (bright) on T2-weighted (T2W) MRI scans, as opposed to most malignant 
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tumors, lymphoreticular proliferative, myeloproliferative, and chronic granulomatous disorders [ 1 ,  16 ]. Most tumors of the 
sinonasal cavities are not as hyperintense as the surrounding infl ammation and retained secretions; therefore, MRI plays an 
important role in the mapping and staging of these tumors. Sinogenic intracranial and orbital complications are best evalu-
ated using MRI [ 1 ]. 

 CT scanning has afforded the best preoperative evaluation for endoscopic sinus surgery [ 1 ,  8 – 15 ]. The complex anatomy of 
the ethmoid bone and the ostiomeatal unit (OMU) can be visualized on CT scans with exquisite detail (Fig.  17.1 ) [ 1 ,  11 ]. The 
advent of minimally invasive surgical techniques using powered instruments with real-time suction has further enhanced the 
knowledge base of the surgical anatomy of the paranasal sinuses. The special relevance of ostiomeatal complex (OMC) (ostio-
meatal unit OMU) to functional endoscopic endonasal sinus surgery has given the radiologist an important role in the assess-
ment of patients scheduled for functional endoscopic sinus surgery (FESS). The combination of coronal and axial CT scans 
allows the surgeon to assess more easily the three-dimensional aspects of the OMC, as well as certain anatomic variations 
(Fig.  17.1 ). The reader is referred to Stammberger and Kennedy [ 17 ] and others for information about these structures [ 1 ].

       Risk of Radiation from Sinus Imaging 

 The biological side effects of ionizing radiation have always been a matter of concern [ 18 ,  19 ]. In general, absorbed doses 
from most diagnostic studies are quite low [ 20 ]. There are no exposure limits for medical radiation as long as the study is 
clinically indicated [ 18 ]. On the average, diagnostic radiology is second to background radiation as a source of exposure for 

a b

c d

  Fig. 17.1    Normal and anatomic variations. ( a ) Axial CT scan showing uncinate process ( red arrow ), concha bullosa ( yellow arrow ), and infun-
dibulum ( blue arrow ). Note hiatus semilunaris ( small green arrow ) where the infundibulum opens into the middle meatus. ( b ) Coronal CT scan 
showing bilateral Haller cells ( curved red arrows ). ( c ) Coronal CT scan showing fovea ethmoidalis ( green arrows ), lateral lamella of the cribriform 
plate ( red arrow ), and ethmoid artery canal ( curved blue arrow ). ( d ) Coronal CT scan showing low lying fovea ethmoidalis ( green arrow )       
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the population in industrialized countries [ 17 – 19 ,  21 ,  22 ]. Natural background radiation may vary by three orders of magni-
tude throughout the world [ 19 ]. It has been postulated that only 1–2 % of all genetically determined diseases are attributable 
to the natural background radiation [ 19 ]. The dose required to double the human mutation rates lie between 2 and 2.5 sievert 
(Sv) [ 22 ]. The incidence of radiation-induced cataracts depends on the dose time and age [ 19 ]. The cornea demonstrates few 
effects until fractionated doses are in the range of 50 GY (5,000 rads). The radiation dose was initially measured in radiation-
absorbed dose (or rad) and later in gray (Gy) or milligray (m Gy). One Gy equals 100 rad; 1 rad equals 10 m Gy or 0.01 Gy. 
The relative biological effectiveness of a given type of radiation is measured by the sievert (Sv) [ 23 ]. The earlier terminology 
of roentgen equivalent man (Rem) was replaced by Sv. 

 The risk of radiation from the sinus series or screening sinus CT is small [ 18 ]. Approximately 0.3 cG is given for each fi lm 
view obtained during a plain X-ray sinus series [ 7 ,  18 ]. The organs most likely to be affected by a cumulative radiation dose 
are the lens, thyroid gland, and gonads. The dose to the lens of the eye is small if Waters and Caldwell views are obtained 
posterior-inferior, as they should be [ 18 ]. With the combination of high-speed fi lm and a posterior-inferior projection, the dose 
to the eye in a sinus series should be on the order of 0.0001 Gy (0.01 cGy) to 0.005 Gy (0.5 cGy) [ 7 ,  18 ]. The radiation dose 
to the lens of the eye from a CT examination of the head may range from 3 to 6 cGy. The radiation from a CT scan of the 
sinuses to the lens, cornea, and other organs included in the CT sections can be signifi cantly reduced by decreasing mAs 
(100–140 mAs) without signifi cantly sacrifi cing details [ 23 ]. The imaging plane also can be chosen to avoid scanning directly 
through the lens of the eye. Ionizing radiation is an established carcinogen [ 23 ]. The patterns and trends in diagnostic imaging 
procedures have signifi cantly changed, resulting in increased exposures to general population. The estimated per capita dose 
from medical radiation in the United States has increased approximately 600 % from about .53 mSv in the early 1980s to 
about 3.0 mSv in 2006 (1.5 mSv per capita from CT scans, .8 mSv from nuclear medicine procedures, 0.4 mSv from interven-
tional procedures, and 0.3 mSv from plain-fi lm radiographic procedures) [ 23 ]. The average effective dose for axial and helical 
scans for a CT of the head is 2 mSv equivalent to 150 chest X-rays [ 23 ]. The effective dose for skull AP or PA is 0.015 mSv. 
To reduce biological risks from diagnostic procedures, Linet et al. [ 23 ] advocate the use of evidence- based appropriateness 
criteria by professionals and professional organizations for decisions about imaging procedures. Unnecessary imaging studies 
(duplicate studies and those that are not medically necessary) should not be performed. For sinonasal imaging, using helical 
scans reconstructed (reformatted) coronal and sagittal views should be performed to avoid direct coronal scans.  

    CT Technique 

 CT scan is an excellent imaging modality to evaluate the sinonasal cavities. It provides an accurate assessment of the para-
nasal sinuses, OMU, craniofacial bones, as well as the extent of pneumatization of the paranasal sinuses (Fig.  17.1 ). In our 
institution we use the high-resolution multidetector row CT scanner (64-channel detectors, General Electric; Milwaukee, 
Wisconsin) and incorporate various scanning modes and parameter settings. Using a tube voltage of 120 KVp and a tube 
current time of 100–120 mAs per section, helical scanning with 0.625 mm detector collimation is performed in the axial 
plane (standard algorithm), and axial, coronal, and sagittal images are reformatted with 3 mm section thickness and 3 mm 
section intervals. The landmark study for image-guided endoscopic surgery will include 0.625 mm section thickness and 
0.625 mm section interval reconstructed scans. 

 We prefer CT images to be viewed or fi lmed for soft tissues as well as with extended window width and level (W/L) bone 
technique (4,000/700–800 W/L). In case the study is interpreted on hardcopy fi lms, we recommend that the technicians 
provide a set using soft tissue technique which allows for better evaluation of fl uid, inspissated mucosal debris, and 
microcalcifi cations. 

 Contrast-enhanced CT should be performed whenever orbital and intracranial complications of sinonasal infections or 
tumors are suspected. Routine contrast-enhanced CT should not be part of preoperative CT for endoscopic sinus surgery [ 1 ,  2 ].  

    MRI Technique 

 An opinion one frequently hears with regard to sinonasal imaging is that MRI is often not very helpful compared with CT 
scanning. This may be true for a few specifi c entities, such as fi bro-osseous lesions; however, for benign and malignant 
tumors, MRI is superior to CT scans to differentiate a tumor from surrounding associated infl ammatory disease and retained 
secretions. The marked hyperintensity on T2W MRI images of the infl ammatory mucosal disease, as well as marked enhance-
ment of infl ammatory mucosal thickening on enhanced T1-weighted (T1W) MRI images, often allows the radiologist to 
differentiate tumors from surrounding infl ammatory disease. Intracranial tumor extension and intracranial complications of 
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sinonasal infections are better evaluated by MRI than CT scanning [ 1 ,  2 ,  16 ]. In general, the combination of MR and CT 
imaging, in most cases, will allow for better evaluation of the disease and at times for making a more specifi c diagnosis. 
The radiologist should always be consulted in determining the most appropriate imaging study or studies for each individual 
case. In the evaluation of suspected sinonasal disease processes, a typical MRI protocol consists of short time of repetition 
(TR)/time of echo (TE) sagittal localization, unenhanced short TR/short TE (T1W), and long TR/long TE (T2W) axial 
sequences, followed by a contrast-enhanced short TR/short TE (T1W) axial, coronal, and sagittal pulse sequences. The addi-
tion of fat saturation post-contrast T1W and diffusion-weighted pulse sequences imaging (DWI) can help to differentiate 
sinogenic abscesses from other simulating processes.  

    Infl ammatory Disease of Sinonasal Cavities 

    Acute Sinusitis 

 The diagnosis of rhinosinusitis is not only, or necessarily, an imaging diagnosis. The radiologist should always require some 
information, positive or negative, about symptoms or signs that might suggest sinusitis, such as nasal discharge or conges-
tion, fever, sinus pain and tenderness, and prior history of sinus draining, irrigation, or surgical procedures. Mucosal thicken-
ing, the most common fi nding on imaging studies, usually indicates the presence of chronic sinusitis, but may be also seen in 
patients with acute sinusitis. Postoperative scarring and periosteal reaction after a sinus surgery, such as Caldwell-Luc opera-
tion, may result in loss of normal aeration of the sinuses. These changes may be permanent, even in the absence of any sinus 
disease [ 20 ]. Although the lack of sclerosis and periosteal reaction speaks against chronic sinusitis, it does not at all rule out 
a chronic infection. Bilaterality and absence of erosion weigh in favor of an infl ammatory rather than neoplastic process. 

 Diffuse thickening of the mucosa and submucosal lining of the paranasal sinuses is a common fi nding on plain fi lms, CT, 
and MRI scans [ 1 ,  2 ]. Indeed, 20–40 % of patients undergoing MRI of the head are found to have edematous tissue of the 
paranasal sinuses as an incidental fi nding. An acutely infected sinus that is producing symptoms may show thickening of the 
mucosa, an air-fl uid level, or both. Isolated infections of the maxillary sinus may be caused by dental caries in about 20 % of 
cases. More severe types of sinusitis occur in patients with diabetes and in patients who are immunosuppressed by various 
drugs, toxins, or systemic disease. These patients are more prone to aggressive types of fungal infections such as mucormy-
cosis and aspergillosis, which tend to invade the local blood vessels, causing extensive tissue destruction, osteomyelitis, and 
even cerebral infarction [ 1 ,  2 ,  23 ]. These types of infection need to be diagnosed as early as possible and treated aggressively 
and appropriately. Biopsy and special cultures may be required to establish the diagnosis of fungal infection. 

    Radiological Diagnosis 

 It should be noted that an air-fl uid level does not necessarily indicate the presence of acute sinusitis. Knowledge of the his-
tory and physical fi ndings are necessary to differentiate other causes of an air-fl uid level, such as a previous antral lavage, 
recent trauma, recent surgical procedure, barotrauma, or hemorrhage caused by a coagulopathy, such as a platelet disorder 
or von Willebrand disease. Acute sinusitis is usually evident on clinical examination, confi rmed by plain-fi lm studies and 
followed by CT study as needed. Conventional radiography is adequate for the diagnosis of clinically uncomplicated acute 
sinusitis [ 1 ,  2 ]. In patients with viral rhinosinusitis, sinus CT scans may reveal mucosal thickening of nasal passages, along 
with mucosal thickening and an air-fl uid level in the paranasal sinuses. There may be air bubbles scattered within the fl uid 
(transudates or exudates) in the sinuses. After the resolution of the common colds, sinus CT scans will demonstrate complete 
resolution of mucosal changes as well as clearing of the fl uid in the sinuses. Subperiosteal edema and bony changes (osteoly-
sis, demineralization) are not seen unless there are associated superimposed bacterial or fungal infections [ 1 ,  24 ].  

    Sinus Infections and Their Complications 

 Conventional radiography may be adequate for the diagnosis of acute sinusitis. Even though antibiotics have cut down on the 
incidence of complicated sinusitis with orbital involvement, it still occurs and may even be the fi rst sign of a sinus infection 
in children [ 1 ,  2 ]. Infection may spread from the sinuses to the orbit by direct extension. It may also spread by way of numer-
ous valveless communicating veins between the sinuses and the orbit. The orbital involvement from sinusitis includes infl am-
matory edema, orbital periostitis, subperiosteal induration (phlegmon), subperiosteal abscess (Fig.  17.2 ), orbital and facial 
cellulitis (Fig.  17.3 ), orbital abscess (Fig.  17.4 ), and ophthalmic vein thrombosis (Fig.  17.5 ).
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  Fig. 17.2    Sinogenic orbital subperiosteal abscess in a 12-year-old boy. Axial unenhanced T1W ( a ), T2W ( b ), enhanced T1W ( c ), enhanced fat 
saturated T1W ( d ), enhanced fat saturated T1W ( e ), coronal enhanced fat saturated T1W ( f ), axial DWI ( g ), and ADC map ( h ) showing an orbital 
subperiosteal abscess ( yellow arrow ). Note infl ammation of the right ethmoid air cells ( red arrow )       
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  Fig. 17.3    Acute left frontal sinusitis with orbital subperiosteal abscess and orbital cellulitis. Axial enhanced fat saturation ( a – c ) and sagittal 
enhanced T1W ( d ) MR images showing subperiosteal abscess ( double white arrows ), and marked orbital cellulitis ( OC )       
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      Should the infection spread from the sinuses into the cranial cavity, one or more of the following complications may 
ensue: cavernous sinus thrombosis, meningitis, epidural and subdural abscess (Fig.  17.6 ), and brain abscesses (Fig.  17.7 ). 
Periostitis and osteomyelitis of the frontal sinus severe enough to involve the orbit may also extend through the posterior plate 
of the frontal sinus to involve the anterior cranial fossa (Fig.  17.7 ). Osteomyelitis of the frontal bone may be accompanied by 
doughy edema overlapping the affected sinus and/or a subgaleal abscess, causing a mass effect termed a “Pott’s puffy tumor.” 
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  Fig. 17.4    Orbital and brain abscesses. Axial T2W ( a ), unenhanced axial TW ( b ), enhanced T1W ( c ), enhanced fat saturation T1W ( d ), DWI ( e ), 
and ADC map ( f ) showing an orbital ( red arrow ) and brain abscess ( yellow arrow ) related to a tree branch penetrating the orbit and temporal lobe       
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  Fig. 17.5    Sinogenic    septic thrombosis of cavernous sinus. Axial unenhanced T1W ( a ) and coronal enhanced T1W ( b ) MR images demonstrate 
right cavernous sinus abscess ( yellow arrows )       
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Acute, subacute, or chronic sinusitis that has not responded to appropriate antibiotic and other medical treatments should be 
biopsied to rule out the presence of any underlying tumor, particularly if infection is limited to a single sinus. In the case of 
maxillary sinusitis, an underlying dental cause has to be excluded. For example, a persistent air-fl uid level following dental 
extraction may indicate an oral-antral fi stula. Orbital and intracranial complications resulting from acute and chronic sinusitis 
are best evaluated with combination of CT and MRI imaging (Figs.  17.1 ,  17.2 ,  17.3 ,  17.4 ,  17.5 ,  17.6 , and  17.7 ).

        Complications of Rhinosinusitis in Children 

 The most common complications of rhinosinusitis in children occur in the orbit. These complications include the following, 
in order of increasing severity: orbital edema, orbital cellulitis, subperiosteal orbital abscess (Fig.  17.2 ), true orbital cellulitis 
(Fig.  17.3 ), intraorbital abscess (Fig.  17.4 ), and thrombosis of superior ophthalmic vein and cavernous sinuses (Fig.  17.5 ). 
Infl ammatory orbital edema owing to sinusitis results in edema of the eyelid, which is often misdiagnosed as orbital or peri-
orbital cellulitis. The infection in this early stage is actually still confi ned to the sinus [ 1 ,  2 ]. A CT or MRI scan at this stage 
will demonstrate the edema of the eyelids and conjunctivae and infl ammatory changes of the infected sinus or sinuses. 
As the reaction of the orbital periosteum begins and gradually advances, the edema of the eyelids and conjunctivae becomes 
more generalized, and the eye begins to protrude. Infl ammatory tissue collects beneath the periosteum to form subperiosteal 
edema or phlegmon; subsequently, pus may form indicative of a subperiosteal abscess (Fig.  17.2 ). 
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  Fig. 17.6    Sinogenic subdural empyema. Axial fl air ( a ,  b ), axial unenhanced T1W ( c ), and DWI ( d ,  e ) MR images showing opacifi cation of the 
frontal sinuses. Note subdural fl uid collection ( white arrows  in  a ) extending along the interhemispheric fi ssure ( white arrows  in  b ) and marked 
diffusion restriction ( white arrows  in  d ,  e ) indicating subdural empyema. Note acute cerebritis with restricted diffusion ( white arrowheads  in  d ,  e )       
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 As the disease progresses, bacteria may infi ltrate the periorbital and retro-orbital fat, giving rise to true orbital cellulitis 
and abscess (Fig.  17.4 ). These two conditions frequently coexist. At this stage, extraocular mobility is progressively 
impaired. With severe involvement, visual disturbances can result from optic neuritis, ischemia (compression), or both. 
Abscess formation in the orbit may result from extension of a subperiosteal abscess through the periosteum or from localiza-
tion of orbital and facial cellulitis. Usually ethmoid sinus infection is frequently responsible for orbital swelling, as well as 
subperiosteal and orbital abscesses through the lamina papyracea. CT is an excellent radiologic method for evaluating an 
acute ethmoiditis. The information obtained from the CT scan and MRI, together with clinical fi ndings (proptosis, limitation 
of extraocular muscle movement, and decreased visual acuity), may be the best guide for clinical management and the mode 
of treatment.  
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  Fig. 17.7    Frontal sinusitis and sinogenic brain abscess. Axial T2W ( a ), axial enhanced T1W ( b ), axial T2W ( c ), and DWI ( d ) showing a brain 
abscess ( red arrows ) and associated vasogenic edema of the right frontal lobe ( yellow arrowheads )       
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    Intracranial Complications of Sinusitis 

 Although intracranial complications of sinusitis are relatively rare, prompt recognition of these disease states is impor-
tant to prevent permanent neurological defi cit or mortality. Intracranial complications of sinus infection derive from 
either indirect extension via retrograde thrombophlebitis of valveless emissary veins, or directly, through bony contigu-
ity associated with septic erosion, trauma, or structural abnormality. These complications include osteomyelitis, epi-
dural empyema, subdural empyema (SDE), meningitis, cerebritis, brain abscess, sinodural thrombosis [ 1 ,  2 ] infarct, and 
tension pneumocephalus related to ruptured intracranial abscess into the ventricles while in continuity with sinonasal 
cavities. SDE is thought to be the most common complication of the sinus infection [ 24 ,  25 ]. With timely intervention, 
mortality rates associated with SDE range from 10 to 20 %, but may be as high as 70 % under certain circumstances 
[ 24 ]. SDE is the most common intracranial complication of sinusitis, and the most common cause of SDE is sinusitis 
[ 26 ]. SDE is a neurosurgical emergency that requires drainage to avert a rapidly evolving and fulminant clinical course. 
Inoculation of the subdural space most often occurs indirectly via thrombophlebitis of valveless emissary veins [ 24 ]. 
The triad of fever, sinusitis, and the neurological defi cits is suggestive of intracranial spread of infection. In SDE, the 
infection lies adjacent to the leptomeninges; therefore, patients with SDE may present with meningeal signs, hemipare-
sis, seizure, or mental status changes. CT with contrast is usually suffi ciently sensitive to detect an SDE, which is appre-
ciated on the scan as a low-density extra-axial fl uid collection in the setting of marked cortical swelling [ 1 ,  2 ]. There 
may be increased vascular enhancement related to generalized increased permeability of the vasculature caused by the 
infl ammatory response. Small interhemispheric subdural collections may be diffi cult to detect by CT scan. MRI is supe-
rior to CT scanning for detection of subdural collection and pyogenic lesions (Fig.  17.6 ). SDE is a very serious sequel 
of sinusitis that is seen in young men and is frequently associated with  Streptococcus anginosus  [ 24 ]. MRI is the imag-
ing study of choice for the diagnosis of SDE, as well as other sinogenic intracranial complications [ 1 ,  2 ]. Early recogni-
tion and treatment are essential to reduce any subsequent morbidity or mortality [ 25 ]. In addition to CT scanning, it is 
prudent to obtain MRI of the sinuses, orbits, and brain whenever extensive or multiple complications of sinusitis are 
suspected [ 1 ,  2 ].   

    Acute Mycotic Rhinosinusitis (Rhino-Sinu-Orbito-Cerebral Fungus Infection) 

 Mycotic infection of the nasal and paranasal sinuses and craniofacial structures is a serious disease that requires prompt 
surgery and medical therapy to reduce its high morbidity rate [ 14 ,  27 ]. This infection is usually seen in immunocompromised 
individuals, such as patients with AIDS or patients who have undergone therapy with immunosuppressive drugs and antime-
tabolites [ 20 ,  28 – 30 ]. Rhino-orbito-cerebral mucormycosis is also seen in debilitated patients and patients with diabetic 
ketoacidosis. Leukemia and dialysis have also been reported to predispose patients to this infection [ 1 ,  2 ]. Recently, cases of 
rhino-sinu-orbito-cerebral mucormycosis have been described in patients with iron overload. The fungi responsible for 
mucormycosis are ubiquitous and normally saprophytic in humans; they rarely produce severe disease, except in those with 
predisposing conditions, as noted above [ 1 ,  2 ,  27 ]. The infection usually begins in the nose and spreads to the paranasal 
sinuses; then it extends into the orbit and cavernous sinuses. The infl ammatory process soon extends along the intracranial 
and infraorbital fi ssure and into the infratemporal fossa (Fig.  17.8 ).

   The radiographic fi ndings of mucormycosis of the sinuses were fi rst described by Green et al. [ 31 ] who noted three 
signs: nodular mucosal thickening, absence of fl uid levels, and spotty destruction of bony walls. None of these signs can 
be considered typical for the diagnosis of fungal sinusitis; however, a CT scan or MRI study may be very helpful and 
sometimes characteristic for the diagnosis of mucormycosis [ 1 ,  2 ,  27 ]. The main contribution of CT or MRI scanning to 
the diagnosis of mucormycosis is its clear demonstration of the relationship between nasal, sinus, and orbital disease along 
with tissue loss (necrosis), a relationship so typical of mucormycosis that this diagnosis should be considered whenever 
this combination of features exists. Invasion of the medial orbit by the infecting organism results in phlegmon of the peri-
orbital area and, therefore, elevation of the medial rectus, which later on becomes involved via direct invasion by hyphae. 
Effacement and edema of the facial planes outside the involved sinus, bone destruction of the sinus walls, and, in particu-
lar, periosteal irregularity and cortical bony rarefaction indicative of periostitis and osteitis are common. At times, the CT 
and MRI appearance of rhino-orbital mucormycosis may stimulate a sinonasal malignancy (Fig.  17.8 ). In an appropriate 
clinical setting, CT and MRI scans usually help to differentiate the overall picture from that of a sinonasal malignant 
process.  
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    Aspergillosis 

 Aspergillosis is a ubiquitous mold found primarily in agricultural dust. It may produce rhinocerebral infection and orbital 
involvement similar to mucormycosis, although hematogenous spread from the lungs to the brain is more common [ 27 ,  31 ]. 
This fungus also has a well-known propensity for invading blood vessels, including the internal carotid artery. The combina-
tion of orbital sinus involvement on CT or MRI is not pathognomonic of rhinocerebral mucormycosis or aspergillosis; how-
ever, awareness of its possibility, particularly when any of the predisposing factors are present, would help in making an early 
diagnosis and treatment of this aggressive and fatal disease. In our practice, CT and MR scanning have been the most effec-
tive imaging modalities for making the correct diagnosis. It is important to include the nasal cavity, nasopharynx, base of the 
skull, and the brain when performing CT or MRI in a patient with a potential or tentative diagnosis of mucormycosis, asper-
gillosis, or other opportunistic infections of the sinonasal tracts.  

    Chronic Rhinosinusitis and Allergic Fungal Rhinosinusitis 

 Chronic rhinosinusitis (CRS) is an extremely common disease that affects more than 31 million people in the United States 
alone each year [ 32 ]. CRS is defi ned as an infl ammatory condition that involves the paranasal sinuses as well as the lining of 
the nasal cavities [ 33 ,  34 ]. The diagnosis of CRS with or without polyposis requires that symptoms must be present for 
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  Fig. 17.8    Mucormyocosis. Axial T2W ( a ) and coronal enhanced fat saturation T1W ( b ) showing sinonasal mucormyocosis in a diabetic patient. 
Note extension into the infratemporal fossa (⋆). At surgery, necrosis of tissue was found. Axial unenhanced T1W ( c ) and enhanced fat saturation T1W 
( d ) in a 98-year-old female showing aspergillosis of the posterior ethmoid air cells ( yellow arrows ) with extension into the orbital apex ( red arrows )       
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12 weeks or longer despite appropriate medical therapy [ 33 ]. CRS is a complex, multifactorial disease that has genetic, 
 infectious, immune, anatomic, allergic, and infl ammatory components [ 33 ]. CRS is a clinical diagnosis, confi rmed and 
staged with the CT scan of sinonasal cavities [ 28 ,  33 – 38 ]. Often, the CT scan is used to plan the extent of surgery for disease 
that fails to respond to medical management. 

 CRS is often associated with mucosal thickening and sclerosis of the wall of the sinus and bony septae (Fig.  17.9 ). Acute 
infections cause demineralization (rarefaction) of the wall of the sinus (Fig.  17.1 ) and subsequently, when the process becomes 
chronic, results in reactive sclerosis of the sinus walls (Figs.  17.9  and  17.10 ). These sclerotic changes in the wall of the sinus 
often indicate the presence of osteitis, which requires a prolonged course of antibiotics [ 2 – 25 ,  27 ,  31 – 33 ]. Sclerotic bone 
(osteosclerosis) may be just a reactive process rather than osteitis. This reactive sclerosis may remain forever and at times 
may result in a contracted sinus (Fig.  17.11 ). The contracted sclerotic maxillary sinus is also a common fi nding following a 
Caldwell-Luc operation. Complete opacifi cation of one or more anterior ethmoid air cells is commonly seen and may repre-
sent the underlying focus of persistent symptoms. Less commonly, other sinus cavities or posterior ethmoid air cells may be 
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  Fig. 17.9    Chronic    sinusitis and superimposed presumed suppurative infection. Axial enhanced CT scan ( a ), axial bone window setting CT ( b ), 
coronal bone window setting CT ( c ), and enhanced coronal T1W MR ( d ) images showing sclerosis of the right maxillary sinus ( white arrow  in  b ). 
Note enhancement of the thickened mucosa in the fl uid fi lled right maxillary sinus       

 

17 Imaging of the Paranasal Sinuses: Plain-Film Radiography, Computed Tomography, and Magnetic Resonance Imaging



306

completely opacifi ed. Variable degrees of sinus ostial obstruction are also common in CRS. Obstruction of the OMC has been 
given special signifi cance (individual “weighting”) in some CRS staging systems, such as the Lund and Mackay system based 
on the presumption that obstruction of this clinical-anatomic pathway is more likely to cause persistent sinus disease.

     Mucosal thickening and/or sinus opacifi cation are typically more pronounced in CRS with nasal polyps (NP) than CRS 
without NP. Polyps are seen on CT scans as mucosal protrusions into the nasal passage (Figs   .  17.12  and  17.13 ). The CT 
density of polyps cannot be differentiated from nonpolypoid mucosal thickening. The combination of CT and MRI including 
enhanced CT and MRI provides an imaging appearance that highly favors the presence of polyps. A solitary polyp may not 
be differentiated from a retention cyst on unenhanced CT and MRI. Unlike cysts, polyps demonstrate moderate to marked 
contrast enhancement. In aggressive long-standing polyposis, there may be signifi cant expansion of the nasal cavities and the 
MRI characteristics of sinuses as well as bone erosion. Polyps have various signal intensities on MR pulse sequences. The MRI 
characteristics of polyps refl ect the various stages of the polyps (edematous, glandular, cystic, and fi brous) as well as various 
stages of desiccation of the entrapped mucosal secretions within the crevices of the polyps and on the surfaces of the polyps 
[ 1 ,  2 ].

        Chronic Fungal (Mycotic) Rhinosinusitis and Chronic Allergic Fungal Rhinosinusitis 

 Fungal sinus disease is often diagnosed because an apparently routine infection fails to respond to a commonly used antibi-
otic regimen [ 27 ]. In immunocompetent patients, fungal sinus disease may fi rst be recognized as a slowly progressing 
extramucosal fungus ball and represents noninvasive disease [ 39 ]. Chronic extramucosal fungal sinusitis develops as a sap-
rophytic growth in retained secretions in a sinus cavity. This disorder is usually benign and is rarely associated with mucosal 
invasion. The constellation of allergic mucin, sinonasal polyposis, and the presence of extramucosal fungi have been referred 

  Fig. 17.10    Chronic sinusitis with periosteal bone formation. 
Axial CT scan shows opacifi cation of the right maxillary sinus. 
Note the thickened bony wall ( red arrow ) resulting in 
contracted sinus       

  Fig. 17.11    Chronic bilateral maxillary sinusitis resulting in contraction of both sinuses related to reactive periosteal bone thickening       
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to as “allergic fungal rhinosinusitis,” because of its similarity to allergic bronchopulmonary aspergillosis [ 30 ]. The highly 
proteinaceous central mucin creates areas of high attenuation on CT images (Fig.  17.14 ) and corresponding to low signal on 
both T1W and T2W MRI images [ 40 ].

      Imaging of Chronic Allergic Fungal Rhinosinusitis 

 “Allergic fungal rhinosinusitis” (AFRS) comprises 5–10 % of all cases of CRS requiring surgery [ 28 ]. Patients with AFRS 
commonly present with chronic unilateral or bilateral CRS with nasal polyps [ 28 ]. They are usually young, immunocompe-
tent patients with a history of inhalant allergy. To satisfy the criteria for AFRS, the patient must have CRS and demonstrate 

  Fig. 17.12    Chronic rhinosinusitis with polyposis ( P )       
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  Fig. 17.13    Polypoid mucosal thickening of the maxillary sinuses. Axial unenhanced T1W ( a ), T2W ( b ), enhanced T1W ( c ), enhanced coronal 
T1W ( d ), DWI ( e ), and ADC map ( f ) showing polyps ( red arrows  in  d ) inside the maxillary sinuses. Note no diffusion restriction ( e ,  f )       
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evidence of sinus opacifi cation with “allergic mucin” (inspissated mucus with degranulating eosinophils), the presence of 
fungal hyphae in the sinus cavity, and evidence of fungal-specifi c IgE. The imaging manifestations of chronic mycotic rhi-
nosinusitis may be nonspecifi c or highly suggestive of the presence of fungal infection. AFRS most often involves the maxil-
lary, ethmoid, and sphenoid sinuses. 

 The fi ndings on plain radiography may vary from nonspecifi c mucosal disease without any bone involvement to an opaci-
fi ed sinus with a polypoid mass with a central peripheral hyperdense (calcifi ed) mass representative of a fungal ball or myce-
toma [ 1 ,  2 ,  27 ,  29 ,  30 ]. The fungal balls or mycetomas may appear as either a homogeneous soft tissue mass or a well-defi ned 
high-density mass similar to that seen with calcium or bone (Fig.  17.15 ). The increased density within the polypoid sinus 
mass in chronic mycotic rhinosinusitis is believed to be caused by calcium phosphate and calcium sulfate deposits within 
necrotic areas of the mycelium [ 26 ,  29 ,  35 ].

   CT is superior to plain radiography in detecting fungal concretions. The presence of highly proteinaceous inspissated 
mucus in AFRS creates areas of very high attenuation on CT images [ 36 ]. Allergic mucin has areas of high protein content 

  Fig. 17.14    Allergic fungal rhinosinusitis. Coronal CT scan 
showing marked soft tissue obliteration of the nasal cavities 
and bilateral maxillary and ethmoid sinuses. Note characteristic 
increased density related to inspissated mucosal secretion. Note 
expansion of ethmoid sinuses related to mucocele formation       
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  Fig. 17.15    Chronic sinusitis with presumed fungal ball in the left maxillary sinus. Coronal CT scan ( a ) shows characteristic changes of chronic 
allergic sinusitis in the left maxillary and left ethmoid sinuses. Postoperative coronal CT scan ( b ) shows persistent disease with a central increased 
density in left maxillary sinus ( red arrow ), presumed to be a fungal ball       
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and low water concentration that give rise to characteristic imaging appearance of CT and MRI scans. The presence of dif-
fusely increased attenuation within the paranasal sinuses and nasal cavity should be considered as indicative of AFRS or 
chronic hyperplastic sinusitis and polyposis associated with desiccated, retained mucosal secretions (concretions; Fig.  17.14 ). 
Zinreich et al. [ 29 ] reported 25 patients with chronic fungal sinusitis. Of these, 22 had foci of increased attenuation on CT 
scans. Areas of focal hyperattenuation varied in size. The smallest area measured 4 mm in diameter; the largest nearly 
formed a cast of the maxillary sinus. The presence of areas of increased CT densities in the paranasal sinuses did correlate 
well with fungal sinusitis [ 29 ]. However, because pus, desiccated mucosal secretions, dystrophic calcifi cations (concretions, 
antrolith), and acute hemorrhage are also dense on CT scans, CT fi ndings alone are not conclusive of chronic fungal sinusitis 
in a partially or totally opacifi ed sinus. Therefore, increased CT densities should suggest as a high index of suspicion that 
chronic noninvasive or chronic indolent fungal sinusitis, especially aspergillosis, exists. 

 IN AFRS, the walls of the ethmoid air cells become thickened owing to chronic reactive sclerosis. In acute mycotic rhi-
nosinusitis and malignant tumors of the ethmoid, there will ultimately be destruction of these walls. As these materials 
accumulate within the sinuses, bony demineralization of the sinus walls ensues secondary to the release of infl ammatory 
mediators. Increasing pressure results in expansion of the sinus and mucocele formation [ 36 ]. 

 In summary, the sinuses most often involved in AFRS are the maxillary, ethmoid, and sphenoid sinuses. CT scan is 
the study of choice for evaluating possible AFRS. The CT fi ndings suggesting AFRS include foci of increased density 
(hyperattenuation) within the opacifi ed sinuses and nasal polyps that represent inspissated allergic mucin. The areas of 
hyperattenuation vary in size. At times they may form a cast of increased density within the sinus. The process may 
involve one sinus or several sinuses (Fig.  17.14 ). Extrasinus extension of AFRS into the orbit and into the cranium may 
be present (Fig.  17.16 ). As inspissated allergic mucin accumulates in the sinuses, demineralization of the sinus walls 
ensues secondary to the release of infl ammatory mediators end pressure, resulting in expansion of the sinus and muco-
cele formation (Fig.  17.16 ). True bone erosion is less common. However, in hypopneumatized sphenoid sinuses, AFRS 
may cause erosion of the roots of the lesser wing and lead to signifi cant unilateral or bilateral compressive optic 
neuropathy.

   The MRI characteristics of fungal sinusitis depend on the stage of the disease [ 41 ]. In acute invasive fungal sinusitis, 
regardless of the offending organism, there will be signifi cant infl ammatory edema and cellular infi ltrate, resulting in 
marked hyperintensity in proton-weighted (PW) and particularly on T2W MRI images. The process appears relatively 
hypointense on T1W MR scans. In AFRS, the presence of concretions and desiccated mucosal secretions results in low 
signal on T1W and marked hypointensity on T2W MR images. The reactive granulations and associated subacute or acute 
sinusitis will demonstrate hyperintense signal on T2W MR images (Fig.  17.17 ). There will be enhancement only of the 
mucosal rim on enhanced MR images. All of the fungal concretions in the study of Zinreich et al. [ 29 ] stained positively 
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  Fig. 17.16    Allergic fungal rhinosinusitis with extension into the left superior orbit. Axial ( a ) and coronal ( b ) CT scans showing pansinusitis. Note 
extension of a frontal mucocele into the left orbit ( red arrows  in  b )       
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for calcium. Decreased signal intensity on T1W and very decreased signal intensity on T2W MR images were thought by 
Zinreich et al. [ 29 ] to be the result of calcium, as well as iron, magnesium, and manganese, which are known to be essen-
tial in fungal amino acid metabolisms [ 37 ].

   Zinreich et al. [ 29 ] examined specimens of fungal concretions from two patients with AFRS with specimens obtained 
from four patients with bacterial sinusitis and compared them for the presence of iron, magnesium, and manganese. They 
found that in two patients with proven aspergillus sinusitis, iron and manganese, both electromagnetic elements, were pres-
ent in larger quantities than in the four patients with bacterial sinusitis. They concluded that increased concentrations of iron 
and manganese, as well as the presence of calcium in the fungal concretions, may explain the hypointensity on T2W MRI 
images. However, recent studies suggest that the presence of inspissated mucosal secretions within the sinus cavity or along 
the crevices of polyps commonly results in a markedly hypointense T2W signal [ 1 ,  2 ,  36 ]. In fact, the majority of sinus cases 
with hypointense T2W signal are now felt to be related to desiccated retained mucosal secretion with or without the presence 
of fungus organism. For example, chronic noninvasive aspergillus sinusitis and AFRS may have the same MR appearance as 
chronic hyperplastic sinonasal polyposis with inspissation of the retained mucosal secretion. In general, acute and subacute 
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  Fig. 17.17    Allergic fungal sinusitis. Coronal CT ( a ), coronal T1W ( b ), axial T2W ( c ), and sagittal enhanced T1W ( d ) MR images showing char-
acteristic high-density material in sphenoid sinuses ( red arrows  in  a ). The sinuses on MR appear hypointense ( b – d ). Note enhancement of the 
posterior ethmoid air cells as well as mucosal outline of sphenoid sinus       
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bacterial or allergic sinonasal mucosal infl ammation will demonstrate high-signal intensity on T2W MR images. In contrast, 
neoplasms tend to have a lower signal intensity compared with acute or subacute sinonasal mucosal infl ammation. There will 
also be more enhancements on post-gadolinium T1W MR images within polyps and the mucosa of acute and subacute sinus-
itis as opposed to tumors and inspissated mucus.   

    Chronic Sinonasal Infl ammation Secondary to Nasal Cocaine Abuse 

 Intranasal cocaine abuse can cause a variety of otolaryngological complications secondary to its potent vasoconstrictive 
effects and direct irritation of the nasal mucosa [ 2 ,  38 ]. Repeated intranasal “snorting” or “sniffi ng” of cocaine can lead to 
ischemia and necrosis of the nasal septum resulting in septal perforation, synechia, and chronic sinusitis [ 38 ]. Other upper 
airway complications of cocaine abuse include osteolytic sinusitis and nasolacriminal duct obstruction [ 38 ].   

    Silent Sinus Syndrome 

 Silent sinus syndrome (SSS) has been described as spontaneous enophthalmos resulting from chronic maxillary rhinosinus-
itis and maxillary sinus atelectasis. Nasal endoscopy will commonly show retraction of the uncinate process and obliteration 
of the infundibulum. Imaging fi ndings include obstruction of the MOC at the maxillary infundibulum, atelectatic uncinate 
process, contracted maxillary component of antrum, opacifi cation of maxillary sinus, inferior bowing antral roof, lateral 
bowing of the medial wall, and anterior bowing of the posterior maxillary sinus (Fig.  17.18 ).

       Rhinolith 

 Foreign bodies within the nasal cavity and paranasal sinuses tend to become encrusted and calcifi ed when retained for a long 
period of time and are thus known as rhinoliths and sinoliths, respectively. These calcareous bodies may be endogenous or 
exogenous in origin. Teeth, sequestra, and dried blood clots are considered endogenous. Exogenous material includes fruit 
seeds, beads, buttons, pieces of dirt and pebbles, and the remains of gauze tampon. A calcifi ed nasal mass on CT scan is 
characteristic of rhinolith. The calcifi cation appears as a cast surrounded by soft tissue related to the infl ammatory reaction 
associated with rhinolithiasis. A sinolith has a similar appearance and is most commonly seen in the maxillary antrum.  

    Granulomatous Rhinosinusitis 

 Granulomatous rhinosinusitis (GRS) has an extensive differential diagnosis, including sarcoidosis, fungal infections, tuber-
culosis, syphilis, leprosy, rhinoscleroma, Wegener’s granulomatosis, allergic granulomatous and angiitis (Churg-Straus syn-
drome), lymphoplasmatoid granuloma, IgG4-related sclerosing disease (pseudotumor), cholesterol granulomas, foreign 
body granulomas such as lipogranulomas due to oil drops, injected corticosteroids and paraffi n, and unknown causes. There 
are no distinguishing sinus imaging features of these disorders with the diagnosis typically made histologically and through 
other laboratory studies.  

    Mucoceles 

 The etiology of mucoceles (collections of mucus) is debatable. Most otorhinolaryngologists believe that mucoceles are sec-
ondary to obstruction of the main ostium of the sinus [ 42 ]. This obstruction may be the result of infl ammation, trauma, 
osteoma, fi brous dysplasia, or repeated surgery in and around the nasal cavity [ 1 ,  2 ,  38 ]. Approximately two-thirds of all 
mucoceles involve the frontal sinuses; the majority of the remainder involves the ethmoidal labyrinth. Maxillary and sphe-
noid mucoceles are rare. Bilateral mucoceles are rare. The degree of infl ammatory changes that either initiate or accompany 
the mucocele determines the amount of chronic infl ammatory reaction in the covering wall of the mucous membrane. 
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Their secretion is usually clear, thick (mucoid), and tenacious unless the mucocele has been converted to a pyocele by the 
invasion of bacteria. Mucoceles are frequently discussed from the standpoint of sinus of origin. The sinus of origin, of 
course, is the most important for treatment planning. 

    Imaging in the Diagnosis of Mucoceles 

 CT and MRI should be considered the imaging methods of choice for the diagnosis and management of mucoceles [ 1 ,  2 ]. The 
radiographic characteristics of mucoceles have been well described [ 1 ,  27 ,  28 ,  33 ,  38 ]. A large mucocele produces a classic 
roentgenographic appearance of an enlarged (expanded) distorted sinus with a large bony defect representing a breakthrough 
into the adjacent structures (Fig.  17.19 ). Not all mucoceles are so classic, and there are many with subtle bone erosion. The 
gradual pressure atrophy and erosion of the bone by the retained mucosal secretion/debris and enlarging soft tissue mass of 
mucoceles produce the expansible appearance on CT or MRI scanning, with no enhancement after contrast infusion (except 
around the infl amed capsule and peripheral induration), and occasional peripheral calcifi cation. Mucoceles are typically seen 
on MRI as hypointense or less frequently as hyperintense images on T1W and hyperintense on T2W MRI scans (Fig.  17.20 ). 

a b

c d

  Fig. 17.18    Silent sinus disease. Coronal bone window ( a ), coronal soft tissue window ( b ), and axial soft tissue window ( c ,  d ) CT scans showing 
contracted right maxillary sinus. Atelectasis of the uncinate process, downward displacement of the fl oor of the right orbit ( red arrow  in  b ), and 
anterior bowing of the right posterior maxillary sinus ( blue arrows  in  d )       
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Mucocele

  Fig. 17.19    Mucocele. Coronal CT scans showing mucocele of frontoethmoid recess ( M )       

  Fig. 17.20    ( a ) Mucocele of the left frontal sinus. Axial T1W ( A ), axial T2W ( B ), axial FLAIR ( C ), and axial DWI ( D ) MR images showing expan-
sion of the left frontal sinus by a mucocele (M). Note that there is no diffusion restriction on DWI ( D ). The hyperintensity of the mucocele on T1W 
image indicates high proteinaceous fl uid. ( b ) Sagittal T1W ( E ,  F ), coronal T2W ( G ), and coronal enhanced T1W ( H ) MR image showing the large 
frontal mucocele extending into the left orbit ( white arrows ). FE denotes trapped fl uid in the right frontoethmoid recess         

A

a

B

D
C

 

 

17 Imaging of the Paranasal Sinuses: Plain-Film Radiography, Computed Tomography, and Magnetic Resonance Imaging



314

Because of variable protein content within long-standing mucoceles, signal intensity can be highly variable on both T1W and 
T2W sequences. Some mucoceles contain thick mucus and inspissated mucosal-retained secretions that may be hypointense 
on T2W MRI scans. The increased signal intensity of mucoceles on T1W MRI images is related to the proteinaceous content 
of mucosal secretion. Therefore, depending on the protein content, a mucocele may be slightly or markedly hyperintense on 
T1W MR images. On MRI, chronic fungal rhinosinusitis (both fungal balls and allergic fungal rhinosinusitis) and fungal 
mucoceles demonstrate a low or intermediate signal on both T1W and T2W MRI images [ 39 ], with expansion of affected 
sinuses, as well as peripheral rim enhancement on enhanced MRI images. MRI may also demonstrate neoplastic or infl am-
matory disease obstruction of the sinus ostium, the cause of mucocele formation. The traditional teaching has emphasized the 
need for complete removal of the mucocele lining to achieve a cure [ 43 ]. However, simple drainage and marsupialization of 
mucoceles have been performed with good long-term results [ 43 ]. With the introduction of endoscopic techniques, there has 
been a trend toward transnasal endoscopic management of paranasal mucoceles [ 43 ].

         Nasal Polyps 

 Nasal polyps (NPs) are the most common mass lesion in the nose [ 44 ]. They are benign mucosal protrusions into the nasal 
cavity of multifactorial origin and characterized by chronic mucosal infl ammation [ 44 ]. Chronic sinus infl ammation most 
commonly results from repeated episodes of acute or subacute diseases of the sinonasal cavities. The sinus mucosa refl ects 
these pathological alterations as a combination of areas of hypertrophic, polypoid, atrophic, and fi brotic changes intermixed 
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with regions of acute or chronic infl ammations that are of either an infectious or an allergic origin. Chronic infections and 
allergies have both been regarded as probable causes in the formation of NPs although their exact origin remains a 
mystery. 

    Imaging Study of Polyps 

 A solitary polyp may not be distinguishable from a retention cyst on an unenhanced CT and MRI. Unlike cysts, polyps 
 demonstrate marked contrast enhancement. When multiple polyps are present, sinus secretions become entrapped within 
the crevices between the polyps, as well as on the surfaces of the polyps. On CT scans, they show soft tissue attenuation. 
However, depending on the concentration of the entrapped mucosal secretions, the CT attenuation rises, and the chronic 
sinonasal polyposis may show mixed CT attenuation with areas of increased density simulating focal or diffuse dystrophic 
calcifi cations (Fig.  17.13 ). One important feature of NPs sometimes seen on CT or MRI is a smooth expansion of nasal 
fossae (Fig.  17.21 ) and pressure atrophy of the adjacent bony wall of the sinonasal cavities. Bone erosion is not common 

a b
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  Fig. 17.21    Nasal polyposis in a patient with aspirin sensitivity. Coronal ( a ) and axial ( b ) soft tissue setting CT and coronal ( c ) and axial ( d ) bone 
window setting CT scans showing bilateral nasal polyps. Note bone defect ( arrows ) related to prior Caldwell-Luc operation. Note marked sclerosis 
of the maxillary sinus walls (arrowheads)       
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with polyps. However, in aggressive, long-standing polyposis, there may be signifi cant expansion of the sinuses, as well as 
bone erosion. Polyps tend to have various signal intensities on MRI pulse sequences. The MRI characteristics of polyps 
refl ect the various stages of polyps (edematous, glandular, cystic, and fi brous), as well as various stages of desiccation of 
the entrapped mucosal secretions within the crevices between the polyps (Fig.  17.21 ). This appearance distinguishes them 
from tumors that do not have variable signal intensity in each MRI sequence. Polyps may coexist with mucoceles. At times, 
it may be impossible to distinguish between mucoceles and multiple polyps through imaging techniques. An inverted papil-
loma (Fig.  17.22 ), schwannoma (Fig.  17.23 ), hemangioma (Fig.  17.24 ), and malignant tumors of the sinonasal cavity may 
simulate a sinonasal polyp on CT and MRI.

  Fig. 17.22    Inverted papilloma vs. carcinoma. Coronal CT scan 
showing a right nasal cavity mass extending into the ethmoid 
sinus. This was a pathologically proven carcinoma       
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  Fig. 17.23    Nasal schwannoma. Unenhanced axial T1W ( a ) and T2W ( b ) showing schwannoma in the anterior right nasal cavity ( S ). Axial 
enhanced CT scan ( c ) in another patient showing a posterior nasal schwannoma ( red arrow )       
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           Retention Cysts 

 Intramural maxillary sinus cysts, defi ned by Lindsay as nonsecreting cysts [ 40 ], are a common incidental fi nding in sinus 
plain roentgenograms, CT, and MRI of the sinuses. They are estimated to be present in about 10 % of the healthy adult popu-
lations [ 45 ]. These cysts result from the obstruction of the ducts of mucosal serous and/or mucinous glands, and the cysts are 
usually small. Rarely, however, they can enlarge suffi ciently to fi ll a sinus cavity. The maxillary sinuses, being the largest of 
the paranasal sinuses, most commonly harbor intramural retention cysts [ 1 ,  2 ]. The sphenoid sinuses are the second most 
common sinus to harbor retention cysts. These cysts are seen as a smoothly marginated, convex confi guration (dome-shaped) 
of water or soft tissue density on CT scans [ 46 ]. Most commonly, they are seen along the fl oor of maxillary sinuses and 
sphenoid sinuses. 

 The MRI appearance of retention cyst refl ects an image with long T1 and long T2 characteristics. These are seen, there-
fore, as low-signal intensity on T1W and high-signal intensity on T2W MR images. Mucous retention types, as opposed to 
serous types, may show slightly higher signal intensity on T1W MRI images, related to their increased protein content. 
Retention cysts do not show contrast enhancement on enhanced CT and MRI scans.  

    Choanal Polyps 

 The choanal polyp develops from an expanding intramural cyst that protrudes through the maxillary antrum ostium and into 
the nasal cavity [ 47 ]. The close relationship between choanal polyps and the maxillary sinus was fi rst described by Killian 
in 1906 [ 48 ], when he traced the polyps from the nasopharynx to the region of the ostium of maxillary sinus, but not into the 
maxillary sinus cavity. Other authors found choanal polyps to be attached to the lateral wall of the maxillary sinus by a 
fi brous or polypoid pedicle [ 49 ,  50 ]. Mills [ 42 ] suggested that the antrochoanal polyps arise from blocked and ruptured 
mucous glands during the healing process of bacterial sinusitis. Berg et al. [ 47 ] were also able to show that a choanal polyp 
develops from the expanding intramural cyst protruding through the maxillary ostium and into the nasal cavity. On CT and 
MR imaging, a choanal polyp has the same characteristics of other sinonasal polyps. The mass is seen from the ostium of the 
maxillary sinus to the choana and beyond, protruding into the nasopharynx (Fig.  17.25 ).

       Tumors of the Paranasal Sinuses and Nasal Cavity 

 Tumors and tumorlike lesions of the sinonasal tract may be classifi ed as benign or malignant and according to the tissue of 
origin (epithelial, bone, lymphoid, mesenchymal, etc.). The World Health Organization prefers to classify the tumors accord-
ing to the tissue of origin and subdivide them into benign and malignant. Benign tumors of the sinonasal cavities are rare in 
comparison with malignant tumors. In decreasing order of frequency, the benign tumors are osteoma, hemangioma, papil-
loma, angiofi broma, benign mixed tumor, schwannoma, and other less-common tumors [ 1 ,  2 ,  4 ]. “Nasal gliomas” are 

  Fig. 17.24    Nasal hemangioma. Coronal CT scan showing a left nasal hemangioma ( H )       
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attributed to glial cell rests and can simulate polyps on imaging. Extension of meningiomas and pituitary adenomas into the 
sinonasal cavities may occur as an inverting papilloma and even as a carcinoma, also simulating a polyp. Intrasinus menin-
giomas may be completely calcifi ed simulating an osteoma or fi brous dysplasia. Many odontogenic cysts and tumors arise 
in the maxilla and mandible. These include dentigenous cysts, which are epithelialized sacs that develop from the enamel 
organ of unerupted tooth. Dentigenous cysts tend to be expansile and well circumscribed on CT and MR scans (Fig.  17.26 ). 
Odontogenic keratocyst (OKC) is an important odontogenic cyst that is notorious for its destructive, aggressive behavior and 
propensity for reoccurrence. Multiple odontogenic cysts, especially the keratocyst, tend to occur in the fi rst and second 
decades of life as part of the basal cell nevus syndrome (Gorlin-Goltz syndrome) which is inherited as an autosomal domi-
nant disorder [ 1 ,  2 ].

   Malignant epithelial tumors of the sinonasal cavities account for a small percentage of cancer cases in the United States. 
Malignant epithelial tumors carry an incidence estimated to be less than 0.4 % of all new cancers [ 1 ]. Most sinonasal malig-
nancies, however, are epithelial tumors. The differential diagnosis of cancer in the sinonasal cavities includes squamous cell 
carcinomas, adenocarcinomas, undifferentiated carcinomas, anaplastic carcinomas, mucosal melanomas, lymphomas, ade-
noid cystic carcinomas, and rarely mucoepidermoid carcinomas. Sarcomas include osteogenic and chondrogenic sarcomas, 
rhabdomyosarcomas, and other rare tumors. 
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  Fig. 17.25    Antrochoanal polyp. Preoperative coronal ( a ) and axial ( b ) bone window setting CT and postoperative axial CT ( c ) showing antrocho-
anal polyp ( P )       
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    Imaging of Sinonasal Tumors 

 Conventional plain fi lms, although infrequently used, may still be used as the screening study in various pathological condi-
tions of the sinonasal cavities to give orientation and direction to the preferred imaging examination, a sinus CT and MRI. 
Benign tumors tend to expand the area of origin by virtue of their slow growth or mass effect (Fig.  17.26 ). Malignant tumors 
on the other hand usually destroy bone and invade the adjacent hard-and-soft tissue structures (Fig.  17.27 ). Extension into 
the orbit, pterygopalatine fossa, infratemporal fossa, and cranial cavity can be demonstrated by contrast CT scans and in 
particular by MR scans (Fig.  17.28 ). Although it is possible to distinguish tumor from associated infl ammatory disease on 
CT, the differentiation may be diffi cult. MRI is superior to CT for tumor mapping, as infl ammatory reactions and retained 
secretions can be easily differentiated on MRI scans.

a b

  Fig. 17.26    Odontogenic keratocyst ( OKC ). Coronal bone window setting CT ( a ) demonstrates a large expansile mass in the left maxillary sinus, 
displacing a molar tooth, compatible with an odontogenic keratocyst. Postoperative coronal bone window setting CT ( b ) demonstrates near com-
plete removal of the mass       

  Fig. 17.27    Olfactory meningioma with extension into the nasal cavity. Coronal enhanced T1W MR ( a ), axial CT scans ( b – d ) showing a large 
meningioma ( M ), extending into the right ethmoid, and nasal cavity ( red arrow  in  b )       
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    The high water content of infl ammatory conditions results in markedly increased signal on T2W MR images. In contrast, 
the overwhelming majority of sinonasal tumors are highly cellular and therefore have an intermediate signal intensity on 
T2W MR images (Fig.  17.28 ). It is important to realize, however, that the more benign tumors and glandular-type tumors 
such as polyps, papillomas, hemangiomas, benign minor salivary gland tumors, and schwannomas usually have suffi cient 
water content to produce hyperintensity on T2W MR images. Lymphomas are cellular and have an intermediate signal inten-
sity on T2W MR images. Unlike many other malignant tumors, lymphomas are restricted on diffusion-weighted MR images 
(DWI); therefore, they appear hyperintense (bright) on DWI scans (Fig.  17.29 ). Some of the malignant epithelial tumors may 
also show restriction on DWI. On contrast-enhanced CT and MRI, tumors can be differentiated from infl ammatory fl uid 
retention, cysts, hemorrhage, and associated infl ammatory changes. In this regard MRI is superior to CT scanning. Intracranial 
and orbital extension is best evaluated by MRI including enhanced MR scans (Figs.  17.27  and  17.28 ).

a b

  Fig. 17.28    Undifferentiated squamous cell carcinoma. Axial T2W ( a ) and coronal enhanced fat saturated T1W ( b ) showing a large mass ( M ) in 
the right nasal cavity and maxillary sinus with involvement of the right orbit ( red arrow )       

c d

Fig. 17.27 (continued)
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    Chapter 18   
 Direct or Objective Evaluation of Nasal Function: Nasal Mucosal 
Microscopy, Mucociliary Transport, Flow Rhinometry, Acoustic 
Rhinometry and Olfactory Assessment 

                Anton     R.     Dotson       and     Gary     A.     Incaudo     

          Introduction 

 In-offi ce laboratory studies are performed to confi rm or exclude the presence or absence of suspected nasal/sinus disorders 
or to obtain additional information about that disorder such as response to treatment or potential treatments. Anterior rhinos-
copy, nasal endoscopy, skin prick and intradermal tests, nasal cytology, specifi c IgE analysis, rhinomanometry, acoustic 
rhinometry, olfactory screening, mucociliary transport, and imaging studies comprise the tools used by the allergist and 
otolaryngologist to clarify or confi rm a diagnosis in patients with rhinitis and/or rhinosinusitis symptoms. This section criti-
cally reviews in-offi ce methods used to study nasal mucosal cytology, nasal patency, olfaction, and mucociliary transport 
(Table  18.1 ).

     Nasal Cytology 

 An accurate evaluation of nasal mucosal cytology provides a great deal of information to the healthcare practitioner 
(Table  18.2 ). Nasal cytology functions to help differentiate allergic, nonallergic, and infectious rhinitis, viral and bacterial 
infections, and infl ammatory and noninfl ammatory forms of rhinitis. The information obtained provides the practitioner with 
an objective measure to help clarify a clinical picture by describing the type and degree of cellular infi ltrate present within 
the nasal mucosa. Serial measurements provide a means by which the examiner can follow the course of a nasal disorder and 
evaluate the response to treatment.

   The components within the nasal cavity available for cytologic examination include nasal mucous and the structures that 
make up the superfi cial nasal mucosa (Fig.  18.1 , Table  18.3 ). The in-offi ce method for obtaining a sample of primarily nasal 
secretions is nose blowing or lavage. Nasal mucous, mucosa, and submucosa can be obtained for examination by swabbing, 
brushing, or scrapping the nasal surface or through a biopsy (Table  18.4 ).

     The examiner can obtain a sample of mucous for cytologic examination through nose blowing on to a nonabsorbable 
surface such as wax paper or lavaging the nasal cavity with a known quantity of saline into a receptacle. Lavaging and nose 
blowing obtain only nasal secretions for examination. Such an examination provides limited information but is generally 
simple to perform. The cytologic data obtained is limited to staining for the presence of eosinophils, but bacteria, neutrophils, 
and active phagocytosis as seen in acute infections can sometimes be demonstrated with the Wright-Giemsa stain if there are 
suffi cient cells present for examination. 

        A.  R.   Dotson ,  MD      (*) 
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 In contrast, scraping the mucosal lining along the middle third of the inferior and middle turbinates allows harvesting 
samples of secretions, mucosa, and sometimes submucosa. Sampling of tissue and secretions in this manner provides the 
optimum specimen for in-offi ce diagnostics that does not require special surgical precautions. 

 Effective scrapping of the mucosa requires direct visualization of the nasal cavity at a minimum before and preferably 
during the sampling procedure. Figure  18.2  is a photograph of the nasal cavity beyond the liminal valve as it would appear 
to the examiner using a nasal specula and head lamp/mirror. The nasal septum appears on the right and inferior and middle 
turbinates on the left in this example.

   The general equipment necessary to examine the cytologic components of the nasal cavity are listed in Table  18.5 . Unless 
the examiner is exclusively looking for eosinophils, the Wright-Giemsa stain can be used for viewing all the necessary muco-
sal cellular components under light microscopy (Table  18.6 ).

    The following are a description of the methods, value, and limitations of each of the procedure for examining nasal secre-
tions and mucosa. 

   Nose Blowing 

 Method: The nose blowing procedure onto a nonabsorbable surface is easy to perform (Table  18.7 ). Nose blowing causes no 
discomfort and only requires cooperation of the patient and adequate mucous to expel.

   Value and Limitations: Despite its simplicity, this sampling technique has signifi cant limitations. Some patients fi nd it 
offensive and “messy” to blow their nose publicly. Furthermore, infants or very small children cannot or commonly will not 
blow their nose on demand. Staining material obtained by nose blowing is of limited value in that the specimen is contami-
nated by the contents of the vestibule, and only cells within the mucous are available for study. Hansel staining can be used 

   Table 18.1    Objective in-offi ce measurements of nasal function         

 Cytology 
 Mucociliary transport 
 Olfaction 
 Patency 

  Table 18.2    Usefulness of nasal cytologic examination  

 Differentiate between allergic, nonallergic, and infectious rhinitis 
 Differentiate between viral and bacterial infections 
 Differentiate infl ammatory from noninfl ammatory nasal diseases 
 Classify the immune response: (a) eosinophilic, (b) basophilic, (c) goblet cells, and (d) neutrophilic 
 Follow the course of the disease and evaluate the response to treatment 

  Fig. 18.1    Schematic view of the nasal mucosa and submucosa. → 
Indicates goblet cell in between ciliated columnar epithelium; basal 
cells line the basement membrane. Submucosal with two 
macrophages, blood vessel, and mast cell       
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for a rapid and accurate demonstration of eosinophils, but no other cellular structures or bacteria can be visualized. Other 
problems include staining diffi culties when there is abundant mucous. Excessive mucous produces a dilutional factor that can 
interfere with the interpretation of the number of cells visualized. Furthermore, nose blowing specimens are commonly con-
taminated with bacteria and many necrotic cells from the vestibule obscuring any conclusions about infection when the 
Wright-Giemsa stain is used. As the specimen is mucous only, mucosal and ciliary structure and function cannot be evaluated 
by this method.  

   Swabbing 

 Method: In swabbing the nasal cavity to collect a specimen for cytologic analysis, the patient is fi rst asked to blow excess 
secretions. The objective here is to collect as many cells lining the mucosal surface as possible, and not just the cells found 
in the secretions. A cotton-tipped applicator or preferably a calcium alginate (Calgiswab) swab can be used (Fig.  18.3 ). The 
swab is introduced into the nasal cavity and vigorously moved in the area of the inferior and middle turbinates to sample the 
nasal mucosa. The applicator is removed, and the specimen is smeared on to a microscopic slide. The smeared specimen is 
fi xed, stained, and examined microscopically.

   Value and Limitations: The swabbing procedure yields a more complete specimen compared to blowing. However, the 
process of procuring an adequate specimen of mucosa by swabbing is irritating and commonly causes considerable discom-
fort to the patient. Furthermore, many cells are lost when they adhere to the cotton fi bers, and others are distorted and 

   Table 18.3    The types of nasal cytologic specimens include         

 Secretions 
 Superfi cial epithelium 
 Mucosa and submucosal 

   Table 18.4    Techniques to acquire a nasal cytologic specimen         

 Nose blowing 
 Lavaging 
 Swabbing 
 Brushing 
 Scraping 
 Biopsy 

  Fig. 18.2    View of nasal passage beyond vestibule. Nasal septum on 
right, inferior, and middle turbinates and middle meatus on left 
(Courtesy of Alfredo A. Jalowayski, PhD)       
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degranulate when the specimen is smeared on the slide. Like nose blowing, cilia function and structure cannot be adequately 
evaluated by this method.  

   Brushing 

 Method: Like swabbing, prior to sampling the nasal cavity with a brush, the patient is asked to blow excess secretions. In 
infants, the secretions are removed with an aspirating bulb or by suction. The biopsy brush is introduced into the nasal cavity 
and rotated with some vigor in the area of the inferior and middle turbinates to sample the nasal mucosa (Fig.  18.3 ). The 
device is withdrawn and the specimen collected applied to the surface of a microscopic slide. 

 Unlike swabbing, cilia function and structure can be studied by this technique. In such a circumstance, the specimen is 
placed into a test tube containing appropriate media or fi xative. The brush is twirled while immersed in the solution, until the 
specimen is dislodged for later staining and examination. 

  Table 18.5    Equipment 
and supplies  

 Microscope slides: The preferred slides are fl uorescent, with a single frosted end. Optionally can add two etched 
10 mm circles 

 Fixative: 95 % ethyl alcohol (ETOH) in 2 oz. round bottles 
 Histological stain: Wright-Giemsa stain; buffer and rinse or Hansel stain for eosinophils 
 Specula of different sizes 
 Head lamp, head mirror, or Welch Allyn nasal illuminator 
 Microscope: binocular, panchromatic lenses, 100× oil immersion and 10× lenses 
 Immersion oil: Zeiss 
 Curettes: Rhinoprobe, calcium alginate swab 

   Table 18.6    Examining nasal cytograms   

 1. Place drop of oil immersion on specimen site 
 2. Scan whole specimen at low power (100×) 
 3. Determine adequacy of the specimen. An adequate specimen is one that contains several fi elds of non-squamous epithelial cells, with very 

few to no squamous epithelial cells, and scant secretions 
 4. Grade nasal cytogram at high power (1,000×) 
 5. Examine mucous secretions if present 

  Table 18.7    Nose blowing   Expelled secretions are collected on to a piece of waxed paper, Saran Wrap, or plastic bag 
 Secretions are mixed with a wooden or plastic stick and a portion of the specimen is transferred on to a clean 

microscopic slide 
 The specimen is usually allowed to air-dry 
 Stained with Hansel stain for the presence of eosinophils or Wright-Giemsa for white blood cells 

  Fig. 18.3    Sampling tools listed left to right: Brush, Rhinoprobe ®, 
Caligswab, cotton swab (Courtesy of Alfredo A. Jalowayski, PhD)       
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 Value and limitations: This procedure is better than swabbing in that there is less cell distortion and cilia function and 
structure can be added to the evaluation if needed. Furthermore, more mucosal cells will be harvested with a more abrasive 
instrument. However, the brush method has several drawbacks. The brush applicator is expensive compared to swabs. Like 
swabbing, it is uncomfortable and quite irritating to the patient during sampling, and the cells are not easily dislodged from 
the brush fi bers. Finally, cell distortion and disruption can occur with this technique during the transfer of the specimen to a 
slide if the examiner is not careful.  

   Scraping 

 Method: Platinum wire loops or fl exible plastic curettes (“Rhinoprobe¨) can be used to scrape the superfi cial epithelium lin-
ing the nasal turbinates (Figs.  18.4  and  18.5 ). In our offi ce, we exclusively use the Rhinoprobe (Table  18.8 ) which will be 
discussed. The patient fi rst blows excess secretions. In infants, secretions are removed using a bulb syringe or some other 
suctioning device. Patients are informed that they will perceive a slight irritation for 3–4 s and that sometimes the ipsilateral 
eye will refl exively tear. The nasal cavity is examined with the aid of a speculum and a headlight to determine any obstacles 
to the probe placement. Enlarged turbinates, deviated septum, and the presence of polyps can interfere with procuring a 
sample with minimal discomfort. Therefore, it is very important to perform this procedure only after visual inspection of the 
nasal cavity has been completed. We commonly spray lidocaine and a topical decongestant prior to sampling which provides 
a maximum visual fi eld to ensure accurate sampling location and minimizes patient discomfort during the brief procedure.

     The tip of the “Rhinoprobe” can be bent slightly while still in the plastic envelope. This will facilitate going around the 
head of the inferior turbinate. The curette is removed from the envelope and introduced into the nasal cavity. Avoid touching 
the vestibule and the septum to minimize contaminating the sample and causing any additional discomfort to the patient. We 
generally sample the mid-inferior or posterior inferior portion of the inferior turbinate, but the middle turbinate can also be 
sampled effectively. Start by gently pressing the tip of the probe on the mucosal surface and moving the probe outward 
2–3 mm. Remove the pressure on the mucosal surface and move the probe inward 2–3 mm. Repeat this scraping motion 1–2 
more times. Before removing the Rhinoprobe¨ completely, position the cupped tip upward and then withdraw the curette 
carefully to avoid contamination from the vestibule during withdrawal. 

 Transfer the specimen to a clean slide by gently spreading contents of the cupped tip in a circular manner to a glass slide 
marked with the date and patient identifi cation number (Figs.  18.6  and  18.7 ). Fix the specimen quickly in a slide jar contain-
ing 95 % ethyl alcohol for a minimum of 30–60 s or longer as necessary. We commonly accumulate the slides and stain them 
at the end of the day. For the study of cilia function and rapid viral diagnosis, the specimen is transferred to a small test tube 
containing Hanks’ Balanced Salt Solution. The Rhinoprobe handle is twirled vigorously while the tip of the probe is 
immersed in the solution. Transfer a specimen to a test tube containing glutaraldehyde fi xative for the study of cilia ultra-
structure by electron microscopy (Fig.  18.8 ).

Sampling
Inferior turbinate

Rhinoprobe

  Fig. 18.4    Schematic of the Rhinoprobe sampling from the inferior turbinate       
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     Value and limitations: With the scraping technique using a small plastic cup (Rhinoprobe), there is no loss of tissue due 
to adherence, very little distortion of cells, and typically only a few degranulation artifacts seen. There is usually brief, mini-
mal discomfort to the patient in obtaining the specimen even without the use of local anesthesia. The scraping technique is 
an excellent method for evaluating respiratory cilia structure and function, for rapid viral diagnosis, and can be used for the 
measurement of chemical mediators should such methods become available to the offi ce practitioner in the future. The speci-
men is not full thickness and only mucosal cellular activity is typically defi ned.  

   Biopsy 

 A biopsy sample of the nasal mucosa is useful to determine changes taking place near the surface and below the basement 
membrane (Fig.  18.9 ). Taking a full thickness biopsy specimen of the superfi cial nasal mucosa and submucosa requires local 

  Fig. 18.5    Rhinoprobe sampling of inferior turbinate (Courtesy of 
Alfredo A. Jalowayski, PhD)       

   Table 18.8    Collecting specimens with the Rhinoprobe   

 1. Instruct patient to blow his/her nose. In infants, use a rubber bulb to aspirate excess mucus 
 2. Use headlight and specula to examine the nasal cavities 
 3. Carefully maneuver the Rhinoprobe between the septum and inferior turbinate. Avoid touching the anterior bulb area 
 4. Gently press cupped tip of probe on the mucosal surface and move outward 2–3 mm. Repeat motion twice. Withdraw probe, using caution to 

not touch the nasal vestibule, as contamination would result 
 5. Spread the specimen gently over a small area of a microscope slide and fi x quickly in a jar containing 95 % ethyl alcohol (ETOH) for 1 min 

or until stained 

  Fig. 18.6    Apply specimen to slide in a circular manner       
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anesthesia and care to avoid excessive bleeding from the highly vascular turbinate. This procedure is generally performed by 
the head and neck surgeon. A biopsy is recommended to examine isolated growths within the nasal cavity especially for 
suspected malignancy. For the study of cilia structure and function, a biopsy sample is preferred, but not necessary unless 

  Fig. 18.7    Transferring of specimen to a test tube with glutaraldehyde fi xative for EM       

  Fig. 18.8    Full thickness nasal turbinate mucosal biopsy (Courtesy of Alfredo A. Jalowayski, PhD)       

Wright-Giemsa Buffer Rinse solution

  Fig. 18.9    Staining supplies       
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real-time visualization of living mucosal function is desired. Electron microscopy for ciliary morphology can be used with a 
specimen obtained with the Rhinoprobe or biopsy after it is placed in glutaraldehyde fi xative.

       In-Offi ce Staining, Viewing, and Describing the Nasal Cytologic Specimen 

 After the slide has been in fi xative for up to several hours, it is removed and allowed to air-dry. Wright-Giemsa is an easy and 
accurate staining method for these specimens (Fig.  18.9 ). The staining method is described in Table  18.9 .

    A thin layer of oil is applied to the slide prior to light microscopy examination. The specimen is examined under low 
magnifi cation to identify adequate tissue and to locate secretions to examine more carefully. Those chosen areas are then 
examined under high magnifi cation. At least 10 high-powered fi elds should be examined. It is important to evaluate the 
adequacy of the specimen before recording the results. An adequate specimen is one that contains several fi elds of non- 
squamous epithelial cells, few to no squamous epithelial cells, and scant secretions. Once the adequacy of the specimen has 
been established, the results are recorded or graded as defi ned in (Fig.  18.10  and Tables  18.10 ,  18.11 ). The grading system 
is reasonably quick and simple and provides adequate accuracy for the in-offi ce diagnosis of common nasal disorders.

     The following section will serve as a tutorial for identifying the different cellular structures obtained through the scraping 
technique where both mucous and mucosal structures are examined using the Wright-Giemsa staining technique. 

Grading system for cytograms

Mean number of cells per 10 high power fields

1+, 2+, 3+, 4+
1

2Reading left to right: 0, +,

  Fig. 18.10    Grading system for cytograms       

   Table 18.9    Staining specimens   

 I. Dip method (rapid) 
  1. Place approximately 50 ml Wright-Giemsa stain in a Coplin jar 
  2. Fill another Coplin jar with water or phosphate buffer 
  3. Place thoroughly dried slide, feather edge DOWN, in Wright-Giemsa Stain for approximately 20–30 s. NOTE: Rapid dipping for 5–10 s 

may reduce water artifacts on fi lms that are not thoroughly dried 
  4. Remove slide from stain and place in deionized water or phosphate buffer, pH 6.8–7.2, feather edge DOWN, for approximately 

1–10 min. DO NOT AGITATE SLIDE WHILE IT IS IN DEIONIZED WATER 
  5. Rinse briefl y in running deionized water, wipe back of slide with paper towel, and air-dry thoroughly before evaluation 
 II. Horizontal staining method 
  1. Place thoroughly dried blood fi lm on an appropriate staining rack 
  2. Flood slide with 1–2 ml Wright-Giemsa stain 
  3. After 1 min, add an equal volume of deionized water or phosphate buffer, pH 6.8–7.2, and mix thoroughly by gently blowing on slide 
  4. After 1–3 min, thoroughly rinse with deionized water and air-dry 
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   The Morphology of Cell Structures Seen on Nasal Mucosal Sampling 

   Squamous Epithelial Cells 

 Squamous epithelial cells are relatively large compared to other cells seen on a sample slide and shaped as irregular poly-
gons. They have an oval nucleus located in the center of the cell. These cells line the nasal vestibule and the anterior bulb of 
the inferior turbinate. When squamous epithelial cells are present in nasal scrapings, it suggests that the sample was taken 
from the nasal vestibule and not a good representation of mucosal immune activity (Fig.  18.11 ). Infrequently, in chronic 
conditions such as chronic sinusitis and allergic rhinitis, non-squamous epithelial cells undergoing metaplastic changes can 
be found on the turbinates and mistaken for squamous epithelia.  

   Table 18.10    Grading nasal cytograms   

 1. Quantitative analysis: To perform, count the number of cells in each of    ten high power fi elds and then calculate the mean 
 2. Qualitative analysis: The grading is done on a scale of 0–4+, where 0 is none and 4+ is large number f cells, as shown in Fig.  18.11  and 

described in more detail for each cell type in 

  Table 18.11    Quantitative/
qualitative analysis  

  Eosinophils/neutrophils/monocytes    Basophils    Grading  
 0/None  0/None  0 
 0.1–1.0/Occasional cells ½+  0.1–0.3/Occasional cells  ½+ 
 1.1–5.0/Few scattered 1+  0.4–1.0/Few scattered  1+ 
 5.1–15.0/Moderate # of cells 2+  1.1–3.0/Moderate # of cells  2+ 
 15.1–20.0/Large clumps of cells 3+  3.1–6.0/Many easily seen  3+ 
 >20.0/Large clumps over entire slide 4+  >6.0/Large number per HPF  4+ 

  Goblet cells    Grading  
 <1/None  0 
 1–24/Occasional to few  1+ 
 25–49/Moderate number  2+ 
 50–74/Many easily seen  3+ 
 ≥75/Large # may cover HPF  4+ 
  Epithelial cells    Grade  
 Normal morphology  N 
 Abnormal morphology  A 
 Ciliocytophthoria  CCP a  
  Bacteria    Grade  
 None seen  0 
 Occasional clump  1+ 
 A moderate number  2+ 
 Many easily seen  3+ 
 Large number, may cover entire fi eld  4+ 

  Count the number of cells in each of ten high power fi elds and calculate the mean 

  a Ciliocytophthoria: Evidence of viral infection  

  Fig. 18.11    Photomicrograph of squamous epithelial cells and bacteria. 
Typical of a sample taken from the nasal vestibule (Courtesy of Alfredo 
A. Jalowayski, PhD)       
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   Non-squamous Epithelial Cells and Goblet Cells 

 Non-squamous epithelial cells are located on the nasal turbinates above the basement membrane and form the superfi cial 
mucosal layer where the majority of nasal function occurs (Figs.  18.12  and  18.13 ). Columnar cells can be either non-ciliated 
(covered by microvilli) or ciliated. A ciliated columnar epithelial cell can often be seen on a mucosal specimen obtained by 
scraping if found isolated on a slide. More frequently, non-squamous epithelium appears as shown in Fig.  18.13 . Basal cells 
schematically represented in Fig.  18.12  are diffi cult to differentiate by the scrapping methodology. Scanning through the 
epithelial cells, goblet cells can be readily seen in selected areas as depicted in Fig.  18.14 . Goblet cells are clearly demarcated 
by their vacuolated appearance in contrast to epithelial cells. The normal columnar to goblet cell ratio is approximately 5:1. 
Greater numbers (e.g., goblet cell hyperplasia) can be seen as a long-standing nasal irritation and/or infl ammation.

1.

Four non-squamous cells illustrated

1. Non-ciliated columnar cell

2. Goblet cell

3. Basal cell

4. Ciliated columnar cell

2. 3. 4.

  Fig. 18.12    Schematic of non-squamous epithelial cells       

  Fig. 18.13    Photomicrograph of non-squamous epithelial cells (Courtesy of Alfredo A. Jalowayski, PhD)       
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        Neutrophils 

 Neutrophils in the nasal epithelium are normally absent or seen only occasionally. Their appearance is similar to those in 
blood smears when using the Wright-Giemsa stain. Neutrophils have multilobed, blue-purplish nuclei with lightly stained 
and fi nely granulated cytoplasm. When present in large numbers, neutrophils commonly appear with bacteria as shown in 
Fig.  18.15 . Bacteria will stain a dark purple/blue with Wright-Giemsa staining and appear as cocci or rods. In Fig.  18.15 , 
many bacteria are seen within the cytoplasm of the neutrophil demonstrating active phagocytosis. This fi nding is pathogno-
monic of an acute bacterial infection such as acute bacterial sinusitis.

   When bacteria are present without signifi cant neutrophilia, the sample was likely taken from the nasal vestibule and 
should be discarded. Another hint of poor sampling technique is the fact that a nasal vestibule specimen would contain 
mostly squamous epithelial cells.  

   Eosinophils 

 Eosinophils are not commonly found in nasal epithelium or secretions under normal conditions. These cells are about the 
size of neutrophils or slightly larger and demonstrate a two-lobed nucleus pushed toward the periphery of the cell. Like neu-
trophils, the nucleus is not obscured by the cytoplasmic structures. In contrast to neutrophils, the cytoplasm of eosinophils is 
fi lled with distinct large granules, which stain orange/red with Wright-Giemsa stain. Sometimes it is diffi cult to differentiate 

  Fig. 18.14    Photomicrograph of goblet cells among non-squamous epithelial cells (Courtesy of Alfredo A. Jalowayski, PhD)       

  Fig. 18.15    Photomicrograph of bacteria and neutrophils engaged in active phagocytosis (Courtesy of Alfredo A. Jalowayski, PhD)       
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the granules of neutrophils from eosinophils if the specimen is lightly stained or when the neutrophil granules are unusually 
large and the stain is heavy. In this circumstance, the granules can be somewhat orange/red and confusing. With good stain-
ing technique, however, this problem is not commonly encountered. Key points distinguishing eosinophils from neutrophils 
are the bilobed nucleus and red-staining large cytoplasmic granules which have distinct uniformity and shape (Fig.  18.16 ). 
Eosinophilic granules will also appear larger than their neutrophilic counterpart; something appreciated most commonly if 
the cells appear side by side.

      Basophils 

 Basophil leukocytes are smaller than eosinophils and neutrophils. They are distinct in that their granules are varying in size 
and stain a very dark purple or red obscuring some or the entire nucleus. The darkly stained colored and obscured nucleus is 
a distinct contrast to the eosinophil staining and morphology. When seen, the nucleus is segmented into two or three lobes. 
Basophils are not normally found in the nasal epithelium and, when present, are few in number. These cells most commonly 
migrate to the superfi cial nasal epithelium and into the secretions in response to an allergic reaction, hence are usually found 
in the presence of eosinophils (Figs.  18.17 ,  18.18  and  18.19 ). Distinguishing basophils from mast cells is nearly impossible 
without special staining techniques or perhaps when visible in the same fi eld. Basophils are usually smaller than mast cells 
but otherwise stain similarly with Wright-Giemsa.

        Mast Cells 

 Mucosal mast cells (Fig.  18.20 ) may take many shapes and normally can be seen only in the submucosa, below the lamina 
propria. In nasal disease, such as chronic allergic rhinitis, mast cells can be found in large numbers in the superfi cial epithe-
lium but are diffi cult to distinguish from basophils. When visible, the nucleus of a mast cell is large and oval in shape. 

  Fig. 18.16    Photomicrograph of eosinophils and epithelial cells 
(Courtesy of Alfredo A. Jalowayski, PhD)       

  Fig. 18.17    Photomicrograph of basophils ( dark ) and eosinophils ( red ) 
(Courtesy of Alfredo A. Jalowayski, PhD)       
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However, like the basophil, the nucleus is commonly obscured by secretory granules which are large, round, and stain pur-
plish red with Wright-Giemsa.

      Mononuclear Cells 

 Lymphocytes and monocytes in the nasal mucosa appear morphologically similar to those seen in blood smears. Lymphocytes 
have a round, oval or slightly indented nucleus. The cytoplasm is basophilic with few to no granules evident with 

  Fig. 18.18    Basophilic cells within non-squamous epithelial cells 
(Courtesy of Alfredo A. Jalowayski, PhD)       

  Fig. 18.19    Eosinophils (red granules, visible nucleus) and basophils 
(dark granules obscuring nucleus) among non-squamous epithelial 
cells as seen in chronic allergic rhinitis (Courtesy of Alfredo A. 
Jalowayski, PhD)       

  Fig. 18.20    Photomicrograph of a mast cell ( right ), an eosinophil ( left ) 
and two non-squamous epithelial cells (Courtesy of Alfredo A. 
Jalowayski, PhD)       

 

 

 

18 Direct or Objective Evaluation of Nasal Function



336

Wright- Giemsa staining. A key point distinguishing the lymphocyte from the monocyte is the fact that within the lymphocyte, 
the nucleus appears more round and typically very large in relation to the cytoplasm (arrow Fig.  18.21 ). Monocytes, in con-
trast to lymphocytes, have a larger amount of cytoplasm in relation to the nucleus and more distinctively shaped nucleus. 
Figure  18.22  demonstrates the typically kidney-shaped nucleus seen in the monocyte which contrasts with the slightly indented 
or round lymphocyte nucleus. The granules within the cytoplasm of a monocyte, when seen, are fi ne and evenly distributed.

       Viral Infection, Ciliocytophthoria 

 Although far too small to be seen using light microscopy, the harmful effects of a virus infection on respiratory epithelial 
cells can sometimes be indirectly appreciated; a process called ciliocytophthoria (CCP). In CCP, a viral infection induces a 
clumping of the fi ne chromatin material within the nuclear membrane. This is followed by margination of the clumped chro-
matin and ultimately more clumping into larger units until a single pyknotic nucleus is formed (Fig.  18.23 ). The nucleus of 
a virally infected respiratory epithelial cell is eventually surrounded by a clear area which appears as a halo. Ultimately, the 
cell undergoing CCP changes splits into two portions and dies.

        Mucociliary Transport 

 Normal nasal airway mucus lines the epithelial surface and provides an important innate immune function in the human 
body. Moisture and warmth is provided for inspired air to the sensitive lower airway. Trapped noxious chemicals, particu-
lates, and pathogens are removed from the airway before they can invade the mucosa by a mechanism termed mucociliary 
clearance, mucociliary transport, or the mucociliary escalator. 

  Fig. 18.21    Photomicrograph of lymphocytes (Courtesy of Alfredo A. Jalowayski, PhD)       

  Fig. 18.22    Photomicrograph example of monocytes morphology (Courtesy of Alfredo A. Jalowayski, PhD)       
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 Nasal mucous primarily is derived from goblet cells. Throughout the respiratory tract, mucous is composed of 1 % sodium 
chloride, 0.5–1 % free protein, 0.5–1 % mucins, 1 % lipids and phospholipids, and approximately 95 % water [ 1 ]. It pos-
sesses different rheological properties, such as viscosity, elasticity, humidifi cation, and adhesiveness. The viscoelastic prop-
erty is an important determining factor for mucus transport capacity. An intermediate viscoelasticity is required for optimal 
mucociliary transport [ 2 ,  3 ]. 

 Nasal mucous appears in two layers on the mucosal surface; the periciliary “sol” phase and the viscous surface “gel” phase. 
The propulsion of mucus is accomplished through the beating of cilia, located at the tip of non-squamous epithelial cells. There 
are approximately 50–200 cilia per epithelial cell [ 4 ]. In the forward-powered stroke, the cilia are erect with the tips touching 
the viscous or gel mucus layer. As the cilia recover from this beat, they become fl accid and bend as they return to their starting 
position, traveling in the sol phase of the mucus. The cilia of a particular nasal/sinus mucosal cell and the cilia from adjacent 
cells beat in a coordinated fashion at 10–12 beats per second to propel mucus and any trapped pathogens or particulates toward 
the oropharynx in a “waveform” where it is swallowed and transported to the stomach for digestion and eventual elimination [ 5 ]. 

 Two processes contribute to mucociliary clearance: mucus volume/content and mucus transport. In order to transport 
nasal mucous effectively, there has to be a general balance between volume and composition of the mucous, adequate peri-
ciliary liquid volume for ciliary movement, adequate cilial beat frequency, and ciliary beat coordination. Different biochemi-
cal constituents contribute to the gel properties of respiratory mucus, such as proteins, lipids, proteoglycans, glycoproteins, 
and the degree of hydration [ 6 ]. Nasal mucous which experiences altered macromolecular composition and biophysical 
properties of either the gel or sol phase can hinder mucous clearance if ciliary movement is blunted. For example, loss of 
water, absence of glycoproteins, and an increase in macromolecule components will increase mucous viscosity and typically 
result in impaired mucociliary transport [ 7 ]. 

 Mucous transport is also regulated by the cilia. Mechanical or chemical stimulation from the environment, thermal condi-
tions, humidity, aging, thyroid disease, sinonasal surgery, lacrimal duct obstruction, infection, structural variations in the 
nose (septal deviation, hypertrophied turbinates), nasal polyps, and allergy can separately or in combination alter ciliary beat 
frequency resulting in impaired nasal mucous transport [ 8 – 12 ]. The unifying consequence of altered mucous and/or ciliary 
function in the nasal/sinus cavity is impairment of mucociliary clearance resulting in nasal/sinus congestion and mucosal 
infl ammation. The paranasal sinuses are particularly vulnerable in this circumstance in the maintenance of a bacteria-free 
environment is dependent upon adequate mucociliary clearance. Otherwise, bacteria from the nose that favor a low-oxygen 
environment will have an opportunity to migrate and proliferate in the sinus cavities [ 13 ,  14 ]. 

 Abnormalities in mucociliary clearance can also result from dysmorphology of the ciliary structure. Such variations are 
commonly referred to as ciliary dyskinesias. Primary ciliary dyskinesia or ciliary immotility syndrome is a rare, usually 
inherited, autosomal disease with a recessive pattern. It affects between 1:20,000 and 1:60,000 individuals [ 15 ]. Ciliary dys-
kinesias are a group of entities that are characterized by abnormal motility of respiratory cilia and distinguished morphologi-
cally by the structure of their cilia. Specifi c morphologic abnormalities may be expressed as ciliary immotility, dysmotility, 
or a combination of both. The coexistence of primary ciliary dyskinesias and situs inversus is called Kartagener’s syndrome. 
Kartagener’s syndrome has a frequency between 40 and 50 % among patients with primary ciliary dyskinesia [ 16 ]. The cili-
ary dyskinesias are characterized clinically by chronic infections of the upper and lower respiratory tracts, including the 
middle ear, starting from early infancy. Therefore, the diagnosis should be considered in any individual who presents with a 
lifelong history of airway-directed recurrent infections. Despite the fact that these disorders have a highly variable clinical 
presentation from patient to patient, it behooves the medical examiner to consider these disorders earlier rather than later in 
the disease course. Longitudinal studies have revealed irreversible lung damage in prepubertal children with these disorders. 
Early diagnosis allows the early initiation of a number of respiratory measures that can minimize and slow the airway dam-
age that invariably evolves over time [ 17 ]. 

  Fig. 18.23    Photomicrograph of an epithelial cell with a pyknotic 
nucleus and halo from a viral infection (Courtesy of Alfredo A. 
Jalowayski, PhD)       
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 Methods used to defi ne abnormalities of mucociliary transport include general functional assessment of mucous move-
ment and measurements of beat frequency and individual ciliary morphology. In-offi ce assessment of mucociliary function 
is confi ned to the gross measurement of mucous transport which best serves as a screening method for transport abnormali-
ties before more in-depth studies are ordered. Having an adequate number of cilia, the correct beat frequency, appropriate 
waveform, and intercellular coordination are all necessary to achieve effi cient and effective mucociliary clearance, and each 
holds an area that can be investigated. However, in-offi ce procedures are limited to evaluating the cumulative outcome of this 
effort. Functional screening assays clinically available to the healthcare provider are listed in Table  18.12 .

   A comparison between mucociliary transport speed and various study methods with soluble and insoluble substances is 
diffi cult. Papers report either velocity fi gures, total mucociliary transport time, or both. The reported values also show a high 
range of variability (i.e., from 4.6 to 12.3 mm/min for the saccharine test; from 3.4 to 7.8 mm/min for the carbon powder test, 
and around 10–11 mm/min for various radiopharmaceuticals (colloidal solutions, resin particles, and albumin microspheres) 
[ 17 ]. Generally, the normal nasopharynx should clear a substance from the nose in 10–15 min when free of ancillary nasal/
sinus disease (such as acute infection, nasal polyps, or allergic rhinitis) or major structural anomalies. The upper limits of 
normal, no matter what the method of study is being used, are 20 min, and most investigators suggest that >30 min transport 
time is distinctly abnormal and deserves further study. 

   Saccharin Granule Test 

 A saccharin granule approximately 1 mm in diameter (5 mg) is introduced into the upper portion of the inferior turbinate 
approximately 1.5 cm from the nasal opening (or 1 cm behind the mucocutaneous junction) under direct visualization. Time 
is measured from the introduction of the granule until the patient reports a sweet taste. The lapsed time is the saccharine 
transit time. The upper limit of the waiting time is generally 30 min, but longer than 20 min should be viewed with suspicion 
especially if the clinical presentation is highly suspicious of ciliary dyskinesias. Most normal adults will taste the sweetness 
around 10–15 min after application [ 18 ]. Some investigations dissolve the saccharin particle with methylene blue or char-
coal. Thus, when the patient reports the taste sensation, the presence of blue dye or black charcoal in the oropharynx can be 
used as visual confi rmation of the patient’s report. If, after 30 min, there is no sweetness noted by the patient, a saccharin 
tablet is placed on the tongue to ensure the patient’s sense of taste is intact.  

   Charcoal Carbon Test 

 As in the saccharin granule test, a small piece of a charcoal tablet is placed just posterior to the anterior tip of the inferior 
turbinate and the posterior oropharynx visually examined every 5 min up to 15 min then every minute or two thereafter until 
40 min have passed. When the black carbon appears, the lapsed time is recorded as the carbon transit time. Generally, move-
ment of the black carbon is slower than saccharine and therefore visual detection is somewhat delayed. The upper limits of 
normal for the carbon test are approximately 25 min, and 35 min is considered distinctly abnormal.  

   Rhinoscintigraphy 

 A more objective approach to assess nasal mucociliary clearance utilizes scintigraphy with various radiopharmaceuticals 
(colloidal solutions, resin particles, and albumin microspheres) labeled with  51 Cr, Tc-99m, or I-131. Tc-99m is preferred by 
most authors [ 18 – 20 ]. With this technique, a droplet of a suspension of colloid particles labeled with technetium-99 (usually 
50 mCi diluted in 0.05 ml of saline) is placed one centimeter behind the mucocutaneous junction of the nasal cavity just 
posterior to the tip of the inferior turbinate. Some authors have preferred spraying the colloid into the nostril while the patient 
holds their breath thereby allowing more widespread distribution and mimicking natural exposure. Movement of the radio-
activity is recorded with a gamma camera with images obtained every 30 s during the fi rst 10-min period. The camera is 
positioned laterally, ipsilateral to the nares in which the isotope is placed. Crying, sneezing, and coughing have not been 

   Table 18.12    Functional assays of nasociliary transport         

 Saccharin granule test 
 Charcoal tablet test 
 Rhinoscintigraphy 
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reported to infl uence the test. When mucociliary transport is normal, the droplet travels at least halfway toward the posterior 
reference point within 10 min. When used as a screening test, the test is considered abnormal when no motion toward the 
posterior reference source is detected or when the droplet travels less than half the desired distance. Most studies report an 
average velocity of 10.9 mm/min for control populations or transport time of 10–16 min [ 21 ]. These data compare favorably 
with the saccharine test (4.6–12.3 mm/min) and the carbon test (3.4–7.8 mm/min) reported in the literature.  

   Evaluation of Nasal Cilia Ultrastructure 

 If the patient fails one or more of the screening tests noted above, more detailed analysis of ciliary structure and function is 
required. The study of mucociliary transport by different methods, such as saccharin, carbon, or isotopic agents, does not 
distinguish between a defi cit in transport due to alterations in mucus and/or nasal structure and a defect in ciliary movement 
due to a structural abnormality (e.g., primary ciliary dyskinesia). The studies noted above do not differentiate between pri-
mary ciliary dyskinesia (PCD) and secondary ciliary dysfunction as might occur with noxious air exposure, thermal condi-
tions, low humidity, aging, thyroid disease, sinonasal surgery, lacrimal duct obstruction, chronic naso-sinus infection, 
structural variations in the nose (septal deviation, hypertrophied turbinates), nasal polyps, and chronic allergy. 

 An example of low- and high-magnifi cation electron microscopy of mucosal cilia is shown in Figs.  18.24  and  18.25 . An 
abnormal screening study should be followed by an investigation of the ultrastructure of individual cilia (Fig.  18.26 ). 
Although PCD has a rather uniform clinical presentation, electron microscopy of patients with this disorder reveals a variety 
of structural abnormalities to account for the movement defi cit (Fig.  18.26 ). Dynein arm defects affect 70–80 % of patients 
suffering from this disorder and represent the most severe phenotype of this group of ciliary defects [ 22 ]. However, the 

  Fig. 18.24    Cilia ultrastructure at low magnifi cation       

  Fig. 18.25    EM X-section of normal cilia morphology Normal cilium 
cross section demonstrating the presence of all axonemal components 
including 9 + 2 microtubular arrangement, inner and outer dynein arms, 
and radial spokes (Courtesy of Alfredo A. Jalowayski, PhD)       
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presence of normal ultrastructure, in the absence of abnormal ciliary function studies, does not exclude PCD if the clinical 
setting remains suspicious. Disease-causing mutations in the DNAH11 gene have been identifi ed in individuals with a com-
patible clinical phenotype. In this mutation, affected individuals have a normal ultrastructure but an abnormal ciliary function 
[ 23 ]. A recently described model using high-speed and precision digital video imaging makes it possible to study the pattern 
and frequency of ciliary beat, which may be useful in the diagnosis of PCD [ 24 ]. At the time of this writing, there are no 
genetic tests available that have been validated for the majority of PCD cases.

       Obtaining Nasal Cilia for Ultrastructure Analysis 

 Ciliated epithelial cells can be obtained by biopsy or by gently scraping the inferior turbinate, as described earlier. The speci-
men is placed in glutaraldehyde fi xative for EM analysis. It is sometimes diffi cult to obtain a suitable and adequate specimen 
for EM study of ciliary structure. In general, a biopsy at an experienced center ensures the examiner of an adequate specimen 
for study.    

   Evaluation of Nasal Patency 

   Offi ce-Based Use of Acoustic Rhinometry and Rhinomanometry 

 “The nose is the preferred organ of respiration.” [ 25 ] 
 In addition to olfaction, the nose serves as the body’s “preferred” portal of respiration. The nasal mucosa has enhanced 

surface area by way of the turbinates whose mucosal lining is “designed” to prepare incoming air for delivery to the lungs 
under optimized conditions. The nose adjusts air temperature and humidity, fi lters out particulates, and acts as an immune- 
processing center that prevents delivery of infectious agents to the lower airway. 

 Any process that adversely affects nasal airway patency can affect the usually easy delivery of air to lower structures. This 
can diminish resistance to infection; enhance the pathology and discomfort associated with allergy; predispose to upper 
respiratory tract infections and sinusitis; and exacerbate other forms of rhinitis. 

 Even mentation and dentition can be affected by diminished nasal airway patency. Nasal obstruction that forces a change 
from predominant nasal breathing to mouth breathing alters normal mouth fl ora and favors disadvantageous microbe pre-
dominance, predisposing to more easily induced dental carries. It also adversely affects sleep quality and nocturnal oxygen-
ation [ 26 ]. This can be of particular concern in children. Jefferson et al. in General Dentistry ( The Journal of the Academy of 

  Fig. 18.26    EM examples of abnormal nasal mucosal cilia in 
PCD-disarray of microtubules ( upper fi gure ) and sporadically missing 
central microtubules ( lower fi gure ) (Courtesy of Alfredo A. 
Jalowayski, PhD)       
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General Dentistry ) January/February 2010 summarized, “Over time, children whose mouth breathing goes untreated may 
suffer from abnormal facial and dental development, such as long, narrow faces and mouths, gummy smiles, gingivitis and 
crooked teeth. The poor sleeping habits that result from mouth breathing can adversely affect growth and academic perfor-
mance” [ 27 ]. 

 Patients with chronic nasal obstruction often habituate to their circumstances and may not accurately report the degree of 
nasal obstruction that it presents. For some patients, subjective reporting regarding airway patency is not an accurate means 
of evaluating nasal airway status and can lead to both under- and overutilization of methods of remediation. Paradoxically, 
patients who have undergone previous turbinectomy or turbinate reduction sometimes report sensation of nasal obstruction 
that is actually due to diminished sensation of velocity of airfl ow despite  hyper - patent  nasal airways [ 28 ].  

   Rationale for Objective Measures of Nasal Airway Patency 

 Objective measures of nasal airway patency can be useful in assisting the clinician on two important fronts: 
  Assessing airway patency at baseline . Rhinometry is done pre- and postnasal decongestion. 
 Lack of response to decongestant is associated with lower likelihood of response to other medical intervention and can 

serve as an indicator for referral for further anatomic evaluation and potential procedural remediation [ 29 ]. 
 Response to decongestant is an indication that improvement with other medical intervention may be fruitful – such as 

trials of antiallergy medications, oral decongestants, etc. [ 30 ]. 
  Assessing airway patency in serial fashion  over time offers the opportunity to track a patient’s response to therapy and to 

monitor for early signs of disease recrudescence. Examples would include tracking response to medical therapy or as follow-
 up after procedures such as turbinate reduction, adenoidectomy, or polypectomy [ 29 ,  31 – 33 ]. 

 Rhinometry allows objectifi cation of nasal airway status and can help determine which route of intervention would offer 
the best opportunity for improvement.  

   Rhinometric Methods 

 For measuring nasal airway patency, there are two commonly used rhinometric methods: 
  Rhinomanometry  describes airway patency based on nasal airfl ow and airway resistance measurements. Rhinomanometry 

is accomplished by tracking inspiratory and expiratory airfl ow vs. pressure. This type of device was the fi rst to become avail-
able commercially, appearing in the marketplace in the late 1970s (Fig.  18.27 ).

    Acoustic rhinometry  estimates patency based on the measurement of the refl ected sound waves (echo) that emerge from 
various portions of the nasal cavity. A sound pulse is created which is then propagated through the nasal cavity. The refl ected 
signals are then used to calculate nasal cross-sectional airway patency. The fi rst acoustic rhinometers became available in the 
late 1980s. 

 Both forms of rhinometry are accurate, painless, and readily accomplished in the offi ce setting, using an easily placed 
mask or nasal appliance. Minimal patient cooperation is required, making testing relatively easy to perform on small children 

  Fig. 18.27    Example of a circa 1980 Connell rhinomanometer that provided basic data regarding airfl ow vs. airway pressure       
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or infants, as well. Rhinomanometry offers a dynamic measure of actual airway fl ow and resistance, while acoustic rhinom-
etry offers a more precise, but static, depiction of airway anatomy. 

 Results between methods are consistent and acoustic rhinometry has been shown to correlate well with CT imaging [ 34 , 
 35 ], with greater convenience and reduced cost. Rhinomanometry and acoustic rhinometry results are regarded as comple-
mentary, with neither study claiming defi nitive superiority [ 36 ]. 

 Testing is typically performed both before and after the administration of a topical decongestant. Changes in barometric 
pressure, humidity, and temperature can alter pre-decongestant readings. As mentioned, post-decongestant values are 
regarded as being the most defi nitive regarding underlying nasal anatomy. 

   Rhinomanometry 

 Rhinomanometry is obtained by placing a soft occlusive mask over the nose and mouth and occluding one nostril while the 
patient respires through the other nostril (Figs.  18.28  and  18.29 ).

    A prototypical normal rhinomanometry (Fig.  18.30  and  18.31 ) reveals symmetric airfl ow and airway pressure. It is impor-
tant to note that left and right airway results are “crossed,” with expiration values appearing on the left-hand side of the graph 
and inspiratory values on the right. In this normal representation, the two curves mirror each other and there is no associated 
mismatch in airfl ow/pressure.

Foam insert of
tip connector

Anterior tube connector

  Fig. 18.28    Anterior rhinomanometry: the subject tested in a sitting 
position. The pressure-fl ow relationship during quiet breathing is 
measured independently for both nasal cavities. An airtight mask is 
fi tted over the nose and connected to a pneumotachograph to measure 
fl ow through the side to be tested. A tube is sealed to the nostril of the 
opposite side to measure the pressure gradient between the nostril and 
the nasopharynx of the tested side       

  Fig. 18.29    Modern rhinomanometers have a computer interface and generate preprogrammed standardized results       
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    In Fig.  18.32 , taken from an actual test report, the teal curve represents baseline airway resistance to airfl ow. At any given 
time, inspiratory (negative) or expiratory (positive) pressure is tracked vs. airfl ow. The coral curve represents airfl ow after 
administration of topical decongestant. The coral curve demonstrates that for any given air pressure, the airfl ow is greater 
(and occurs at lower pressures) after decongestion. In a study demonstrating no response to decongestion, the curves would 
be identical.

    Clinical Example 1 : Septal Deviation to the Left 
 In the resulting printout (Fig.  18.33 ) and in the representative diagram (Fig.  18.34 ), we see that the airway resistance pat-

tern is normal on the right. However, the left nostril demonstrates increased airway resistance in both inspiration and expira-
tion, typical of airway narrowing and consistent with a septal deviation to the left. As can be noted, there is a “straightening” 
of the left-sided inspiratory and expiratory pressure curves, and the left nostril reveals increased expiratory and inspiratory 
airway pressures that would be associated with a narrowed nasal airway.

    Nostrils are evaluating one at a time. A nosepiece is placed at the opening of the desired nostril (Figs.  18.35  and  18.36 ). 
The patient is instructed to hold his/her mouth slightly open during the study.

    Rhinomanometry dynamically identifi es “nasal minimum cross-sectional area,” corresponding to the closest approxima-
tion of the inferior turbinate and nasal valve area (described as the area bordered below by the nasal fl oor and medially by 
the septum). Minimum cross-sectional airway patency correlates well with a patient’s perceived nasal patency. It can be 
thought of as the patient’s “rate limiting” factor with regard to total airway patency [ 28 ].  

   Acoustic Rhinometry 

 Acoustic rhinometry can present information regarding nasal anatomy beyond “nasal minimum cross-sectional area” of the 
nasal cavity, providing anatomic information all the way to the choana. Although a “static” test, acoustic rhinometry can 
identify where in the nasal cavity an obstruction may be present. 

 This test is also readily performed and requires only slight patient assistance. 
  Interpretation of acoustic rhinometry results include the following parameters :

    1.    Nosepiece, steady-state fl ow   
   2.    Internal orifi ce, inferior turbinate   
   3.    Nasal cavity, moving from the anterior inferior and middle turbinate to posterior portion of the same turbinates   
   4.    Nasopharynx   
   5.    Minimum cross-sectional area, which corresponds to the head of the inferior turbinate and nasal valve area   
   6.    Before topical decongestant   
   7.    After topical decongestant    

  In Fig.  18.37 , the corresponding anatomic sites are marked on the rhinomanometry curve and noted in the description. The 
solid lines represent pre-decongestants values, and the scored lines represent the post-decongestant results. In this example, 

Left
expiration

Left
inspiration

Inspiratory
pressure

Right
expiration

Expiratory
pressure

Right
inspiration

Normal

  Fig. 18.30    Schematic normal rhinomanometry curves       
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there is a demonstrated post-decongestant response. If there had been no response, the solid and dotted lines would have 
overlapped.

    Clinical Example 2 : In Fig.  18.38 , acoustic rhinometry is performed for a patient with rightward septal deviation. There 
is narrowing of the airway associated with septal deviation, and there is a greatly diminished response to nasal decongestant, 
consistent with a fi xed nasal airway obstruction (Figs.  18.39  and  18.40 ).

      Clinical Example 3:  Acoustic rhinometry curves can assist with evaluation of nasal polyps on the nasal airway and delin-
eate which parts of the nasal airway are affected. In Fig.  18.41 , we see a patent lower airway and some retained response to 

  Fig. 18.31    Normal rhinomanometry       
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  Fig. 18.32    Rhinomanometry curves pre- and post-decongesting       

Left
expiration

a b

Left
inspiration

Right
expiration

Right
inspiration

  Fig. 18.33    ( a ) Rinomanometry 
in Left septal deviation. 
( b ) Corresponding anatomy 
(Reprinted from Passali et al. [ 12 ]. 
With permission from Springer 
Science & Business Media)       
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  Fig. 18.34    Schematic rhinomanometry in aerodynamically signifi cant 
left septal deviation       

  Fig. 18.35    Acoustic rhinomanometry technique       

 

 

A.R. Dotson and G.A. Incaudo



347

  Fig. 18.36    Success!       

  Fig. 18.37    Example of an acoustic rhinomanometry tracing       
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decongestion. However, further superior and posterior, we see a site of airway obstruction with no response to decongestant 
illustrative of an airway compromised by nasal polyps.

      Rhinometry in Medical Decision Making 

 In patients where there is a question of etiology for nasal congestion, or when trying to delineate which patient may be a 
candidate for a surgical intervention, rhinometry can provide additional data that confi rms the presence of a localized obstruc-
tion. The pre- and post-decongesting information can also assist in the determination of whether or not procedures such as 
in-offi ce high-frequency ablation of the inferior turbinate would be of benefi t. The data also helps determining whether a 
septal deviation seen on exam is a source of objectifi able airway obstruction.    

Normal
airway

Occluded
airway

Diminished
decongestant
response Improved

post-decongestant
patency

Decongestant

  Fig. 18.38    Prototype for results seen with septal deviation       
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   Summary 

 The nasal airway is the passageway of optimum respiration. Nasal airway obstruction is associated with multiple causes: 
mucosal edema, nasal polyps, and anatomic derangement of the inferior turbinate and nasal septum being the primary 
sources. In addition to patient discomfort, there are relatively far-reaching sequelae that can include alteration in anatomy 
during growth, sleep disruption, and detrimental dental changes that may accompany nasal obstruction. Rhinometry can 
assist in decision making regarding choosing medical vs. surgical management of the underlying problem and also provides 
longitudinal information regarding response to therapy and recrudescence of disease [ 37 ].   

   In-Offi ce Assessment of Olfaction 

   Introduction 

   Don’t it always seem to go that you don’t know what you’ve got ‘til it’s gone…. Joni Mitchell lyric [ 38 ] 

   Derangement of sense of smell is associated with myriad nasal/sinus/and other pathologies, and its loss can greatly dimin-
ish patient quality of life. Often regarded as an “afterthought sense,” olfaction plays a large part in a patient’s interaction with 
his/her environment. It is an integral part of recollection of complex events and situations, and olfactory memory triggers are 
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  Fig. 18.40    Printout shows diminished cross-sectional area       
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  Fig. 18.41    Fixed nasal airway obstruction as seen with polyps       
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associated with greater retention and recall of past events and their emotional context. Olfactory sense memory shows a high 
degree of persistence and resistance to interference, as well [ 39 ]. Decline in olfaction has even been described as a risk factor 
for general cognitive decline [ 40 ,  45 – 47 ]. 

 Olfaction plays a role in food identifi cation, assessing food quality, sexual behaviors, and is important in the home and 
work environment as an “early warning system” for changes in the environment (gas leaks, the earliest possible detection of 
smoke, airborne chemicals, etc.). The association between intact olfaction and sense of taste is well known [ 41 ], and patients 
typically report a decline in olfactory sensitivity within the context of perceived decline in both sense of taste and smell. 

 Simple, offi ce-based assessment of olfactory acuity is available and can play a vital role in patient care and maintaining 
quality-of-life parameters. A complete examination of disorders that may affect olfaction and their corresponding patholo-
gies is beyond the scope of this text. The following pages will focus on olfaction and offi ce-based measurement modalities 
as they present in the context of nasal and sinus disease.  

   Overview of Olfactory Physiology 

 Odor molecules bind an “odor-presenting intermediary,” and this complex activates olfactory neurons, with signal propaga-
tion to olfactory bulb, then on to the cerebrum, and ultimately the conscious “experience” of olfaction. 

 The olfactory chain of events is as follows: Olfactory sensory neurons have dendritic components interlaced within the 
olfactory epithelium in the mid-uppermost portion of the nasal vault. (Interestingly, each neuron is specifi c for only one type 
of odor molecule.) As odor molecules come into contact with the mucosa of this area, they interact with a variety of enzymes, 
mucopolysaccharides, ionic salts, or odorant-binding proteins; all of which “prepare” the odor molecule for recognition by 
the olfactory receptor neuron and then diffuse into the membrane in order to come into contact with the olfactory receptor. 
Upon activation, the receptor propagates signal along axonal projections through the cribriform plate to the olfactory bulb, 
and then onward to brainstem structures and cortical destinations [ 42 ].  

   Medications Associated with Decline in Olfaction 

 In addition to assessing for “endogenous” causes of loss of sense of smell, a survey of possible exogenous causes should be 
done. Drug-induced anosmia/hyposmia bears mentioning. 

 A screening list of the medications/substances that have been associated with a decline in olfaction is a useful starting 
point [ 43 ,  44 ]. There are many drugs that can exert a negative effect on a patient’s olfaction. These effects may be generated 
via alteration in the olfactory mucosa, via changes in the cells lining the olfactory mucosa or changes in the character of the 
mucous overlying this epithelium. There may also be alteration of receptor expression or changes in circulation to the area 
or alteration of signal propagation which would interfere with olfaction sensitivity. 

 A list of drugs that have been associated with a reduction in olfaction is listed in Table  18.13 . For example, cytotoxic 
drugs such as chemotherapeutic (cisplatin, vincristine, doxorubicin) or anti-infl ammatory/antiproliferative drugs (metho-
trexate) and antirheumatologic drugs (such as allopurinol) may alter intracellular metabolism and signaling. Early genera-
tion antihistamines and antihypertensive drugs may alter the character of the mucous of the olfactory lining and inhibit 
transport of odorant molecules to their receptors via an alteration in the transition of odorant molecules from air phase to 
mucosal phase.

   Antidepressant medications such as doxepin, imipramine, and amitriptyline act upon the olfactory mucosa in similar 
fashion to early generation antihistamines, and both classes of drug may also exhibit anticholinergic affects that may lead to 
derangement in olfaction, as well. Antiepileptic drugs and psychopharmacologic medications may alter nerve cell propaga-
tion. Antibiotics (most notably aminoglycosides) may exert neurotoxic effects that manifest if decreased olfaction. 
Interestingly, the ototoxic effect of aminoglycosides is frequently mentioned, but their potential negative effect on olfaction 
is overlooked. Topical zinc administration (earlier forms of Zicam (Rx) were notorious) can also be associated with neuro-
toxic (direct neuronal toxicity) effects. 

 Many drugs have idiopathic mechanisms of inducing anosmia/hyposmia. For example, some drugs alter perception of 
odor (opiates and anesthetics), but there is also a paradoxical residual hyposmic/anosmic effect that may occur that cannot 
be explained by the standard pharmacologic effects of these drugs. 

  Products change over time, so a history of both past and present medication and supplement use is imperative in any 
patient with demonstrable decline or loss of olfaction.   

A.R. Dotson and G.A. Incaudo



351

   Olfaction and Nasal/Sinus Pathology 

 Any process that interferes with the normal physiologic milieu of the nasal mucosa can be associated with inhibited olfac-
tion. Table  18.14  outlines the basic types of nasal pathology that can interfere with olfaction.

   The location of the olfactory cleft in the human body creates an environment where any variety of changes in a previously 
normal nasal environment can alter olfaction. Offi ce testing for olfactory acuity has proven to be very useful. If asked, many 
patients will complain of a smell disorder that ultimately proves to be absent or slightly altered upon testing. When present, 
testing then establishes a baseline status and can be used in surveying a response to therapy and as part of clinical surveil-
lance for recrudescence of a problem after medical or surgical intervention [ 57 – 60 ].  

   Methods of Assessing Olfaction 

 Assessing a patient’s sense of smell requires some reliance on subjective data, in that we are required to use the patient’s 
report in order to try to objectify our evaluation. Short of using evoked potentials and EEG or functional MRI, it remains 
quite appropriate to use the patient as the gauge upon which we rely for our information. 

 Olfaction is assessed by having patients “smell” (or not) various known quantities and then tracking their ability to iden-
tify the presence of odor in any amount or potentially tracking the threshold at which a patient begins to note a scent. 

 “Scratch and sniff” style screening tests are readily available and have been standardized for ethnicity [ 48 ], age [ 49 ,  55 ], 
and gender [ 50 ]. 

 Tests can be performed quickly in the offi ce and include easily understood “yes/no”-type testing in which the patient 
reports on whether or not a scent is noted/identifi ed. 

 For screening purposes, assessing for the ability to detect odors is the fi rst step in diagnosing hyposmia/anosmia or pos-
sible derangement in the sense of smell (as can be seen with chronic infl ammatory conditions). The Pocket Smell Test is an 
excellent and easy to use screening method (Figs.  18.42  and  18.43 ). With this type of screen, a misidentifi ed scent or failure 

   Table 18.13    Medications suspected of causing a decline in olfaction         

 Alcohol use in excess 
 Amebicides and anthelmintics: metronidazole; niridazole 
 Analgesic-antipyretic:  d -penicillamine; phenylbutazone 
 Antibiotics: aminoglycosides, macrolides, fl uoroquinolones, tetracyclines, and beta lactam drugs 
 Anticholesteremics: clofi brate 
 Anticoagulants: phenindione 
 Antidepressants (primarily tricyclics): doxepin, nortriptyline, amitriptyline, imipramine 
 Antiepileptic drugs: phenytoin; psilocybin; trifl uoperazine 
 Antifungal agents: amphotericin B, griseofulvin 
 Antihistamine overuse-1st Generation: chlorpheniramine predominates 
 Antihypertensives: ACE inhibitors, HCTZ, beta-blockers, calcium channel blockers 
 Antirheumatic: allopurinol; colchicine; gold; levamisole 
 Antithyroid agents: carbimazole; methizole; methylthiouracil; propylthiouracil; thiouracil 
 Antitubercular medications: ethambutol hydrochloride 
 Decongestants 
 Dental hygiene: sodium lauryl sulfate (toothpaste) 
 Diuretics and ACE inhibitors (primarily captopril); diazoxide; ethacrynic acid 
 Hypoglycemic drugs glipizide; phenformin and derivatives 
 Immunosuppressants and cancer specifi c drugs: azathioprine, methotrexate, glucocorticoids, vincristine, anthracyclines, and cisplatin 
 Local anesthetics: e.g., benzocaine, cocaine hydrochloride; and tetracaine 
 Muscle relaxants: baclofen; chlormezanone 
 Nicotine and other smoked recreational substances 
 Opiates codeine; hydromorphone hydrochloride; morphine 
 Parkinson’s disease medications: primarily levodopa combinations 
 Psychopharmacologic: carbamazepine; lithium carbonate 
 Sympathomimetic drugs: amphetamines 
 Misc: some insecticides germine monoacetate; idoxuridine; iron sorbitex; acetazolamide 
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to detect a scent can be used as a tool to decide whether or not to undertake further diagnostic testing. Similar testing 
designed for pediatric use has been made available (Fig.  18.44 ). It is designed to be engaging for younger patients and offers 
a game-like test procedure.

     The University of Pennsylvania Smell Identifi cation Test (UPSIT) (Fig.  18.45 ) offers more elaborate testing in the same 
format and can be used to screen for odor thresholds – results offer a broad range of scent challenges and can be compared 
over time to qualitatively track a patient’s clinical status, response to therapy, and maintenance of response. This test requires 
approximately 15 min to complete. Patients can perform this test before an offi ce visit and results can be discussed afterward. 
An abbreviated form of the UPSIT is available as the “Brief Smell Identifi cation Test.” This test features 12 odors that are 

   Table 18.14    Basic ways nasal pathology can affect olfaction         

 I. Alteration of the character of nasal secretions 
  A. Changes in secretions/mucosa 
   1. Increased viscosity inhibiting molecule diffusion 
   2. Infl ammatory disorders – accompanying sinusitis, sarcoidosis, Wegener’s granulomatosis, Sjogren’s syndrome, etc. [ 51 ,  52 ] 
   3. Decreased viscosity inhibiting ability of molecule to remain on mucosa 
   4. Amount of mucous produced 
    (a) Excess mucous production inhibiting molecular response on mucosa 
    (b) Decrease in mucous production causing change in hydration status of mucosa 
   5. Alteration in the typical array of olfactory-facilitating molecules 
   6. Other physiologic changes associated with atopy [ 54 ] 
 II. Alteration of nasal anatomy [ 55 ] 
  A. Mucosal edema creating greater distance between the environment and the olfactory neurons [ 53 ] 
  B. Other anatomic alterations that diminish air delivery to the mucosa [ 56 ] 
   1. Nasal polyps inhibiting contact between odor molecules and receptors 
   2. Nasal anatomy that does not allow proper airfl ow to olfactory mucosa 
    (a) eptal deviation 
    (b) Hypertrophy of turbinates 
    (c) Mass lesions/neoplasm 
    (d) Leptorrhine nasal anatomy 
   3. Paradoxical: Prior surgery with residual hyper-patency of airway that diminishes airfl ow 

  Fig. 18.42    The Pocket Smell Test. A scratch and sniff methodology for quick and easy offi ce screening for smell disorders       
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well known in most cultures: banana, chocolate, cinnamon, gasoline, lemon, onion, paint thinner, pineapple, rose, soap, 
smoke, and turpentine. Tests that include potential hazard-related odors are also available. With a larger palate of tests, cross- 
cultural differences/experiences are more readily accommodated.

      A Note About “Derangement” of Sense of Smell 

 Sometimes, a smell screening test can produce an answer that is not “yes” or “no.” The answer can be “wrong” but the patient, 
nevertheless, is still smelling something. In addition to a general decrease in olfaction, disorders such as chronic sinusitis or 
infl ammatory rhinitis can present with “deranged” sense of smell – a metallic, putrid, or ineffably unpleasant smell may per-
meate the patient’s olfactory experience when these disorders are present. This phenomenon can alter or cloud a patient’s 
ability to properly experience other olfactory stimuli, and sensory testing may yield incorrect responses to smell testing, even 
though odors can be detected – the patient’s smell sense is “corrupted” by accompanying pathology, in this case. Tracking 

  Fig. 18.43    The Pocket Smell Test expanded to show the three-item screening test for smell disorders       

  Fig. 18.44    Pediatric smell test: the Pediatric Smell Wheel is a 
game-like test for evaluating olfaction in young children. A rotating 
cardboard disk exposes 1 of 11 odors at a time for sampling. Multiple-
choice alternatives use both words and pictures. When the disk is 
completely rotated, the child’s answers appear as dark dots in a series 
of holes in the jacket. The number of marks signifi es the test score       
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with screening tests over time can also assist the patient and practitioner by identifying deviations from expected answers on 
smell testing and offers another avenue of clinical surveillance using olfaction as indicator or underlying disease.  

   Summary 

 Olfaction can be a clinically underappreciated member of the “sense family.” Its loss can impact quality of life and have 
safety ramifi cations, potentially limiting a patient’s ability to properly survey his/her environment. Derangement in sense of 
smell can be seen with a variety of upper airway pathologies, and olfactory status can be used as a gauge of potential underly-
ing pathology and, after therapy, can be used to monitor response to therapy and monitor for return of disease. 

 There are easily utilized tests that are noninvasive and offer easy and effi cient patient evaluation and outcome analysis.      
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    Chapter 19   
 Medical Management of Acute Rhinosinusitis in Children and Adults 

             Nathan     Richards      ,     Shannon     Doyle     Tiedeken      , and     Christopher     C.     Chang     

           Introduction 

    Rhinosinusitis is one of the most commonly seen health problems worldwide and is responsible for the use of vast healthcare 
resources. According to the US National Health Interview Survey, rhinosinusitis affects approximately 1 in 7 adults yearly 
[ 1 ]. In children, upper respiratory infections are contracted on an average of 6–8 per year with 0.5–5 % of these subsequently 
developing acute rhinosinusitis [ 2 ]. Twenty million doctor visits annually in the United States contribute to the high health-
care utilization of people with rhinosinusitis [ 3 ]. Nearly 3 billion dollars per year in the United States are used for the treat-
ment of rhinosinusitis, with the costs derived from medications, testing, procedures, and outpatient and emergency room 
visits [ 4 ,  5 ]. 

 Rhinosinusitis is the fi fth most common diagnosis for which antibiotics are prescribed [ 4 ,  5 ]. Primary care physicians tend 
to make the diagnosis of acute bacterial rhinosinusitis clinically with little supportive objective criteria, and it is common to 
prescribe antibiotics as a fi rst-line therapy in most cases. It has been estimated that antibiotics are initiated in up to 85–98 % 
of presumed rhinosinusitis cases [ 6 ,  7 ]. This contrasts with the fact that the majority of rhinosinusitis episodes are of viral 
origin and unrelated to a bacterial infection acutely. Nearly all cases of viral rhinosinusitis in an otherwise normal host will 
commonly resolve without antibiotic treatment provided the sinuses adequately drain once the virally induced infl ammation 
resolves. If the disease has a nonbacterial infl ammatory mechanism as the source of symptoms rather than a bacterial one, 
the addition of antibiotics will not be of benefi t. In fact, the overuse of antibiotics will promote further bacterial resistance as 
well as increase the risk of the patient of the consequences of any adverse drug reaction. A major issue for healthcare provid-
ers in treating acute rhinosinusitis is when the initiation of antibiotic treatment will provide cost-effective clinical benefi t.  

    Clinical Presentation 

 The clinical presentation of acute rhinosinusitis can differ between adults and children. In children, the ethmoid and the 
maxillary sinuses form in utero [ 8 ], and the sphenoid sinuses are generally pneumatized by 5 years of age [ 8 ]. On the other 
hand, the frontal sinuses frequently do not appear till about 7–8 years of age and typically do not completely develop until 
late adolescence [ 8 ] (see Chap.   2     for a more detailed discussion of the ontogeny of the sinuses). Pediatric guidelines describe 
acute bacterial rhinosinusitis as an infection of the paranasal sinuses lasting less than 30 days that presents with either per-
sistent or severe symptoms of nasal or postnasal drainage, daytime cough, headache, facial pain, or some combination of 
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these [ 8 ]. Persistent symptoms are those lasting longer than 10–14 days but less than 30 days [ 8 ]. Severe symptoms include 
a temperature of at least 39 °C and purulent nasal discharge which present concurrently for at least 3–4 consecutive days in 
an ill-appearing child [ 8 ]. 

 For adults, multiple treatment guidelines have been set up to aid in differentiating bacterial from viral acute rhinosinusitis. 
These have been developed and presented by:

    1.    Infectious Diseases Society of America (IDSA) [ 9 ]   
   2.    Rhinosinusitis Initiative (RI) [ 10 ]   
   3.    Europeans Position Paper on Rhinosinusitis and Nasal Polyps 2012 (EP 3 OS) [ 11 ]   
   4.    Clinical Practice Guideline: Adult Sinusitis (CPG:AS) [ 4 ]   
   5.    British Society for Allergy and Clinical Immunology (BASCI) [ 12 ]   
   6.    Joint Task Force on Practice Parameters (JTFPP) [ 13 ]     

 Table  19.1  provides a comparison of the guidelines, with regard to severity and duration of symptoms, as well as radio-
graphic fi ndings. A more detailed description of each individual guideline is outlined below.

       Defi nitions of Acute Rhinosinusitis 

 In the IDSA guideline, three clinical presentations are identifi ed for which antimicrobial therapy should be initiated. The fi rst 
clinical presentation is persistent symptoms or signs compatible with acute rhinosinusitis, lasting greater than or equal to 10 
days without evidence of clinical improvement [ 9 ]. The second presentation is severe symptoms or signs of high fever 
(>39 °C) and purulent nasal discharge or facial pain lasting for at least 3–4 consecutive days at the beginning of illness [ 9 ]. 
The fi nal presentation is worsening symptoms or signs characterized by the onset of fever, headache, or an increase in nasal 
discharge following a typical viral upper respiratory infection that lasted 5–6 days which was initially improving [ 9 ]. These 
guidelines advise that anyone with one of these presentations should be started on empiric antimicrobial therapy [ 9 ]. 

 The RI guidelines use a similar pattern of presentation of persistent, severe, or worsening symptoms. The criteria for diag-
nosis include pattern of symptoms, duration of symptoms with a minimum of 10 days and maximum of 28 days, presence of 
purulent nasal discharge for 3–4 days accompanied with fever or worsening disease, and symptoms that initially regress but 
proceed to worsen within 10 days of onset [ 10 ]. The criteria also include the following symptoms mandatory for diagnosis: 
anterior and/or posterior mucopurulent drainage in addition to nasal obstruction, facial pain, pressure, or fullness [ 10 ]. Finally, 
objective documentation of nasal airway examination for mucopurulent drainage beyond the vestibule by either anterior rhi-
noscopy or endoscopy for posterior pharyngeal drainage or radiographic evidence of acute rhinosinusitis is required [ 10 ]. 

 The EPOS defi nes rhinosinusitis as infl ammation of the nose and the paranasal sinuses characterized by 2 or more symp-
toms, including either nasal blockage, obstruction or congestion, or nasal discharge (anterior or posterior nasal drip) [ 11 ]. Facial 
pain or pressure and reduction of smell are also included as symptoms in rhinosinusitis [ 11 ]. Presumed bacterial rhinosinusitis 
is defi ned by an increase of symptoms after 5 days or persistent symptoms after 10 days with less than 12 weeks duration [ 11 ]. 

 The CPG:AS criteria state that acute rhinosinusitis is diagnosed by up to 4 weeks of cardinal rhinosinusitis symptoms [ 4 ]. 
The cardinal symptoms include purulent nasal drainage accompanied by nasal obstruction, facial pain, pressure, or fullness 
[ 4 ]. The guidelines differentiate bacterial versus viral infection based upon duration and presentation of symptoms. Bacterial 
rhinosinusitis is presumed when symptoms or signs of acute rhinosinusitis are present 10 or more days beyond the onset of 
upper respiratory symptoms or symptoms worsen within 10 days after initial improvement [ 4 ]. 

 BSACI guidelines defi ne acute rhinosinusitis as symptoms lasting less than 12 weeks in duration [ 12 ]. The patient must 
have one of the following major symptoms: nasal congestion, nasal obstruction, posterior or anterior nasal discharge with or 
without facial pain, pressure, or olfactory disturbance [ 12 ]. The patient must also have either endoscopic signs of polyps, 
mucopurulent discharge from the middle meatus, edema or obstruction at the middle meatus, or CT signs of sinus disease 
[ 12 ]. The authors of the BSACI guidelines do not provide criteria for starting antimicrobial therapy. 

   Table 19.1    Comparison of diagnostic criteria for acute bacterial rhinosinusitis   

 Guideline  Persistent symptoms  Severe symptoms  Worsening symptoms  Max duration symptoms  Radiographic studies 

 IDSA [ 9 ]  Yes, >10 days  Yes  Yes  None  Not required 
 RI [ 10 ]  Yes, >10 days  Yes  Yes  <28 days  Not required 
 EPOS [ 11 ]  Yes, >10 days  No  Yes  <12 weeks  Not required 
 CPG:AS [ 4 ]  Yes, >10 days  No  Yes  <4 weeks  Not required 
 BSACI [ 12 ]  Yes  No  No  <12 weeks  Required 
 JTFPP [ 13 ]  Yes, >10–14 days  Yes  No  <12 weeks  No required 
 Pediatrics [ 8 ]  Yes, >10–14 days  Yes  No  <30 days  Not required 
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 The JTFPP state that the signs and symptoms of rhinosinusitis are nasal congestion, purulent rhinorrhea, facial or dental 
pain, postnasal drainage, headache, cough, sinus tenderness to palpation, and dark circles under the eyes [ 13 ]. The guidelines 
state that if symptoms last >10–14 days and are unusually severe or if there is a history of fever with purulent nasal discharge, 
facial pain or tenderness, or periorbital swelling, it should be considered a bacterial etiology [ 13 ].  

    Pathogens 

 Although there is some disagreement regarding what exactly constitutes bacterial rhinosinusitis, overall, the guidelines are 
fairly consistent among the recommended criteria from different agencies. In truth, only culture of the sinuses can ever defi ni-
tively diagnose a role of a bacterial pathogen in a case of rhinosinusitis. This is a diffi cult hurdle in that nasal swabs do not 
commonly represent the predominant bacteria within an infected sinus. Moreover, infl ammation is often confused with infec-
tion. Nevertheless, from the perspective of a practicing physician, any of these diagnostic guidelines can be used to establish the 
probable diagnosis of acute bacterial rhinosinusitis. Once the diagnosis is made, the appropriate antibiotic can be prescribed. 

 In order to initiate empiric therapy, it is important to know the typical bacterial causes of rhinosinusitis. Between adults 
and children, the pathogenic bacteria in acute rhinosinusitis are similar but not identical. The main difference is a higher 
prevalence of  Moraxella catarrhalis  infections in children than in adults. Figures  19.1  and  19.2  depict pie charts representing 
a breakdown of the typical bacterial pathogens in acute rhinosinusitis infections [ 14 ]. In children and adults,  Streptococcus 

S. pneumonia

H. influenzae

Strep spp. 3

Anaerobes

M. catarrhalis

S. aureus

Other

  Fig. 19.1    Bacterial pathogens in adult acute rhinosinusitis 
(Adapted from Sinus and Allergy Health Partnership [ 14 ]. 
With permission from Sage Publications)       

S. pneumonia

H. influenza

M. catarrhalis

S. pyogenes

Anaerobes

Sterile

  Fig. 19.2    Bacterial pathogens in childhood acute 
rhinosinusitis (Adapted from Sinus and Allergy Health 
Partnership [ 14 ]. With permission from Sage 
Publications)       
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pneumoniae  is the main bacteria causing up to 1/3 of the cases of acute bacterial rhinosinusitis followed closely by 
 Haemophilus infl uenzae  and  Moraxella catarrhalis . In children, one third of the cases of presumed bacterial rhinosinusitis 
have no causal agent with bacterial cultures being sterile.

    Most cases of acute rhinosinusitis are caused by viral infections associated with the common cold [ 15 ]. The most com-
monly implicated virus is rhinovirus (30–80 %) [ 16 ]. Other viral entities implicated in causing acute rhinosinusitis are coro-
navirus (10–15 %), infl uenza virus (5–15 %), human parainfl uenza virus, human respiratory syncytial virus (RSV), 
adenoviruses, enteroviruses, and metapneumovirus [ 16 – 18 ]. Frequently, more than one virus is present [ 19 ]. In total, over 
200 different viral species are associated with colds [ 18 ]. 

 Fungi are rarely implicated in acute rhinosinusitis and only seen in a secondary immune-compromised host. In contrast, 
fungi, when involved, can induce three variations of allergic infl ammation: eosinophilic fungal rhinosinusitis, eosinophilic mucin 
rhinosinusitis, and allergic fungal rhinosinusitis. None of these represent acute infections. All refer to a rhinosinusitis state that 
is chronic (>12 weeks’ duration) and accompanied by sinus opacifi cation with allergic mucin [ 20 ] (see Chap.   8     for a detailed 
discussion of fungal rhinosinusitis). Allergic rhinitis fl ares can be complicated by a superimposed acute fungal rhinosinusitis. 
However, none of these involve fungal invasion below the mucosal surface. Rather, they are symptomatic rhinosinusitis events 
that result from various atopic sensitizations. Despite more than 100,000 molds recognized in the environment, few genera are 
associated with allergic disease [ 20 ].  Aspergillus  species and the dematiaceous molds that include  Alternaria  and  Cladosporium  
species are those most frequently implicated, although  Bipolaris  and  Curvularia  species have also been reported [ 20 ]. 

 Defi ning the bacterial pathogens, if any, in cases of chronic rhinosinusitis is diffi cult and discussed in more detail in 
Chaps.   5     and   6    . It should be remembered that chronic rhinosinusitis (CRS) is a group of infl ammatory diseases of the nasal 
cavities that may or may not include polyp formation with no unifying theory based on scientifi c evidence that will explain 
the pathophysiology of chronic airway disease in all cases. In contrast, the etiology appears to be multifactorial. Research 
has focused on alterations involving infl ammatory cell and T-cell stimulation, the role of TGF-β on remodeling, generation 
of infl ammatory mediators such as leukotrienes and prostaglandins, the role of IgE and microorganisms, and also the role of 
the epithelium as an immunologic barrier to infection or insult. While much of the more recent literature appears to focus 
primarily on CRS as an infl ammatory disease, that is not to say that bacteria and microorganisms are not involved in some 
cases and that antibiotics will not be helpful in alleviating some symptoms [ 21 ]. Bacteria have been shown to play a role in 
some patients with CRS either directly by infection or by stimulation of infection [ 22 ]. The main bacteria implicated in caus-
ing infection or triggering infl ammation in patients with CRS, especially those with nasal polyps and asthma, is  Staphylococcus 
aureus  ( S. aureus ) [ 22 ]. In a recent study, swabs from the middle meatus of controls and patients with CRS were taken during 
endoscopic surgery and analyzed by quantitative polymerase chain reaction (PCR). There was no statistically signifi cant 
difference in the total bacteria seen between CRS patients and the controls, but the abundance of  S. aureus  was increased in 
CRS patients with allergic rhinitis, nasal polyps, and asthma [ 22 ]. Nevertheless, the antibiotic approach to a CRS patient 
experiencing an acute fl are of rhinosinusitis should include a drug choice directed against the same organisms defi ned above. 
Although there is no consensus on when or how long to treat fl ares of acute disease in CRS patients, the majority of medical 
providers would tend to use antibiotics earlier and sometimes longer than traditional guidelines suggest.  

    Medical Management 

    Antibiotics 

 The role of antibiotics in acute rhinosinusitis is controversial. As stated earlier, in a majority of cases, sinusitis is triggered 
by a viral upper respiratory infection and not responsive to antibiotic therapy. In general, only 1–2 of every 100 otherwise 
healthy patients with sinus symptoms have a concomitant bacterial infection [ 23 ]. It is often diffi cult to distinguish between 
those who will recover spontaneously and those who will require antibiotic therapy. In many cases, there is no evidence of 
any infectious etiology (viral, bacterial, or fungal), and indeed the disease may be a manifestation of an infl ammatory process 
rather than infection. Antibiotics would only have minimal to no benefi t to these patients. It is therefore imperative to at least 
attempt to determine which patients will benefi t from antibiotic therapy, so as to avoid unnecessary antibiotic use and poten-
tiating the development of bacterial resistance. 

 With growing concerns about antibiotic resistance among community-acquired pathogens, choosing the appropriate 
empiric antibiotic can be challenging. In adults, the empiric therapy should cover  Streptococcus pneumoniae  and  Haemophilus 
infl uenzae . In children, the antibiotic of choice should also cover  Moraxella catarrhalis . In the latest Cochrane Review, the 
studies that compared different classes of antibiotics demonstrated a similar effi cacy among them [ 23 ]. However, the risk of 
clinical failure on amoxicillin-clavulanate compared to that for cephalosporins at 7–15 days was statistically signifi cant, but 
the risk of failure disappeared at longer follow-up [ 23 ]. Based on their review, it was concluded that none of the antibiotic 
preparations in this study were signifi cantly inferior in terms of effi cacy [ 23 ]. 
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 Another randomized, open-labeled, double-blind study of acute rhinosinusitis patients was performed comparing the 
effi cacy and safety of amoxicillin-clavulanate and a third-generation cephalosporin. A group of 50 patients received 2 weeks 
of treatment with either amoxicillin-clavulanate or a third-generation cephalosporin and afterward received paranasal sinus 
X-rays and nasal endoscopies to evaluate their progress and symptom relief. After 2 weeks, the improvement rate was 
95–96 % for both groups. The only noted benefi t of the third-generation cephalosporin over amoxicillin-clavulanate was that 
there were fewer adverse effects, primarily less gastrointestinal complications [ 24 ]. 

 While beta-lactamase-resistant antibiotics are the current fi rst-line recommendation for treatment of acute bacterial rhi-
nosinusitis, cefdinir, a third-generation cephalosporin, also offers a convenient treatment option in patients with mild disease 
and no other recent antibiotic use. Cefdinir is an oral third-generation cephalosporin which has rapid oral absorption and 
effi cient respiratory tissue penetration. It can be prescribed daily and has bactericidal activity against the most common bac-
terial pathogens including  Streptococcus pneumoniae ,  Haemophilus infl uenzae , and  Moraxella catarrhalis . Cefdinir is well 
tolerated and does not signifi cantly suppress the normal gut fl ora causing less gastrointestinal adverse effects. Children have 
also been seen to favor cefdinir due to its taste and smell [ 25 ]. 

 A recent study evaluated the treatment of acute rhinosinusitis with amoxicillin. The study included 166 adults with RI 
diagnostic criteria for acute bacterial rhinosinusitis. It was found that after 3 days of treatment with amoxicillin versus pla-
cebo, there was no difference in symptoms between the two groups [ 26 ]. While amoxicillin is a typical starting point for the 
treatment of acute rhinosinusitis, this study demonstrated the ineffectiveness of amoxicillin on either antibiotic-resistant 
pathogens or nonbacterial causes of acute rhinosinusitis. 

 Most traditional courses of antibiotic treatment for acute bacterial rhinosinusitis are 10 days in duration. Newer stud-
ies have looked at an abbreviated course of treatment with azithromycin [ 27 ]. A 3–5-day course of treatment with 
azithromycin has proven equally effective, and the shorter course increases the likelihood of patient compliance. Other 
advantages include lower rates of bacterial resistance and fewer adverse effects to the medication [ 27 ]. The effi cacy of 
azithromycin was evaluated for its clinical effi cacy and tolerability in treating children with acute respiratory infec-
tions. A study of 135 children treated with a single 10 mg/kg dose of azithromycin for 3 consecutive days showed 
100 % resolution of symptoms in those with acute rhinosinusitis after 10 days and no recurrences were observed. 
Benefi ts of treating with the shorter course again included increased tolerance and improved compliance to the medica-
tion [ 28 ]. 

 Due to the increasing resistance of causal bacteria to beta lactams and macrolides, new treatment guidelines have been 
instituted to aide physicians in choosing an appropriate antibiotic. Fluoroquinolones including moxifl oxacin, gatifl oxacin, 
and levofl oxacin are often recommended as second-line therapy, or even fi rst line for patients who have recently received 
other antibiotic therapy [ 29 ]. The Respiratory Surveillance Program (RESP) sampled 16,213 nasal swabs taken by primary 
care physicians in an outpatient setting on patients believed to have bacterial rhinosinusitis over a 10-month period. 
Pathogens were isolated from 34 % of samples with four accountable for most cases:  Streptococcus pneumoniae , 
 Haemophilus infl uenzae ,  Moraxella catarrhalis , and  Staphylococcus aureus . High rates of resistance were seen against 
penicillins and macrolides. The four major causal bacteria had a 95–100 % susceptibility rate to fl uoroquinolones. This 
study provided physicians with information about susceptibilities of pathogens within different communities and aided 
them in choosing appropriate antibiotic therapy. It also supported the use of fl uoroquinolones in treating patients with previ-
ous antibiotic exposure [ 30 ]. 

 One of the main adverse effects of fl uoroquinolones in children is arthropathy. A systemic literature search was done to 
investigate the safety of using ciprofl oxacin in pediatric populations. The search identifi ed 105 articles that met inclusion 
criteria. Of the 16,184 pediatric patients included across all studies, 1,065 reported adverse reactions with the most common 
being musculoskeletal. Of all the musculoskeletal adverse effects, arthralgia accounted for 50 %. The age of occurrence 
ranged from 7 months to 17 years with the mean age of 10 years old. However, all cases of arthropathy resolved with appro-
priate management. From this study, it was estimated that the risk of a pediatric patient developing arthropathy from a fl uo-
roquinolone is 1.57 %. Arthropathy is an adverse effect but can be reversed with appropriate treatment. At the present time, 
fl uoroquinolones will require further controlled studies before they can be routinely recommended for treatment in children 
[ 31 ]. 

 Methicillin-resistant  Staphylococcus aureus  (MRSA) has been isolated in some cases of acute and chronic rhinosinusitis. 
A literature search was performed to study cases of acute or chronic rhinosinusitis that were culture positive for MRSA and 
treated for MRSA. Twelve different studies discussed patients with acute and chronic rhinosinusitis with positive cultures for 
MRSA. Subjects received different treatment regimens. It was found that no one therapy was superior to the others [ 32 ]. 
 Staphylococcus aureus  can also cause sinusitis in children. In a recent study by Texas Children’s Hospital, 56 patients were 
identifi ed to have  S. aureus  sinus infections based on positive cultures from sinus surgery. Twelve of the 56 patients had 
MRSA. None of the MRSA cases were susceptible to macrolides and co-pathogens. The most commonly seen co-pathogen 
was  Haemophilus infl uenzae , which was isolated in 77 % of the cases. Children with MRSA had higher recurrence of disease 
but were not found to be at greater risk than children with MSSA sinusitis to develop complications including cellulitis, 
abscess, meningitis, subdural empyema, or orbital cellulitis [ 33 ]. 
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 When choosing which antibiotic should be the drug of choice used to treat a patient with either acute rhinosinusitis or 
an acute fl are of chronic rhinosinusitis, each individual case should be evaluated on its own merit. Many antibiotics have 
similar effi cacy, so the primary factors to take into consideration include the differences in the adverse effects, costs of 
medication, history of drug sensitivity, and risk of promoting bacterial resistance [ 23 ]. Table  19.2  reviews antibiotics dos-
age, calculated clinical effi cacy, and cost [ 34 ]. In general, the most effective antibiotic choice will be one that is beta lac-
tamase resistant. Table  19.3  reviews susceptibilities of common community-acquired pathogens to frequently prescribed 
antibiotics [ 35 ]. In more severe and complicated cases, intravenous antibiotics may be warranted but that discussion is 
beyond the scope of this chapter [ 36 ].

        Adjunctive Therapies 

 Mild symptoms, including minimal pain, low-grade temperature elevation, and non-purulent rhinorrhea, lasting less than 10 
days may be managed by supportive care only [ 4 ]. Supportive therapies that have been investigated for treatment of acute 
rhinosinusitis include antihistamines, intranasal corticosteroids, oral corticosteroids, analgesics, decongestants, mucolytics, 
antileukotrienes, saline nasal irrigation, and herbal preparations. Table  19.4  lists all adjunctive therapies for treatment of 
acute rhinosinusitis.

   Table 19.2    Oral antibiotics used in the treatment of acute bacterial rhinosinusitis   

 Antibiotic  Dosage/frequency  Calculated clinical effi cacy (%)  Cost (in 2004) 

 Amoxicillin-clavulanate  500 mg q8 h; 875 mg  91  $83.96–112.08 
 Potassium salt (Augmentin)  q12 h 
 High-dose Augmentin XR  2 g q12 h  –  $112.08 
 Amoxicillin (Amoxil)  500 mg q8 h; 875 mg q12 h  88  $7.35–8.77 
 High-dose amoxicillin  1 g q8 h  –  $14.70–17.54 
 Cefpodoxime (Vantin)  200 mg q12 h  87  $118.48 
 Cefuroxime (Ceftin)  250 mg or 500 mg q12 h  85  $108.53–197.75 
 Cefdinir (Omnicef)  300 mg q24 h  83  $44.66 
 Ceftriaxone (Rocephin)  1 g IM q24 h  91  $255.80 
 TMP-SMX DS (Bactrim DS)  160–800 mg q12 h  83  $6.64–27.76 
 Doxycycline (Vibramycin)  100 mg q12 h  81  $5.00–27.36 
 Azithromycin (Zithromax)  500 mg day 1 and 250 mg day 2–5  77  $47.44 
 Clarithromycin (Biaxin)  250 mg or 500 mg q12 h  77  $90.22 
 Gatifl oxacin (Tequin)  400 mg q24 h  92  $95.68 
 Levofl oxacin (Levaquin)  500 mg q24 h  92  $101.47 
 Moxifl oxacin (Avelox)  400 mg q24 h  92  $101.92 

  Based on data from Ref. [ 34 ]  

   Table 19.3    Susceptibilities of most common isolates to antibiotics commonly prescribed for sinusitis   

  S. pneumoniae  
 % S/I/R ( N  = 618) 

  H. infl uenzae  
 % S/I/R ( N  = 1,189) 

  M. catarrhalis  
 % S/I/R ( N  = 1,588) 

  S. aureus  
 % S/I/R ( N  = 983) 

 Penicillin  64/20/16 (2)  Not done  8.5/0/91.5 (1)  10.8/0/89.2 (6) 
 Gatifl oxacin  99.8/0.2/0 (2)  100/0/0 (3)  100/0/0 (7)  97/1.1/2.0 (6) 
 Erythromycin  68/0.3/32 (2)  Not done  85/13/2 (7)  39/32/29 (7) 
 Azithromycin  64.7/0.6/34.7 (264)  99.4/0/0.6 (3)  100/0/0 (324)  31.2/18.7/50.1 (448) 
 Clarithromycin  65/0/35 (264)  64/31/5 (3)  100/0/0 (324)  68.8/2.1/29.2 (448) 
 Levofl oxacin  99.8/0/0.2 (2)  100/0/0 (3)  100/0/0 (7)  95.1/1.6/3.3 (6) 

  Reprinted from Poole and Portugal [ 35 ]. With permission Elsevier 
 Values in parentheses indicate number not tested 
  S  susceptible,  I  intermediate,  R  resistant  
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      Antihistamines 

 The association of acute rhinosinusitis and allergy and atopy has not been clearly defi ned [ 37 ]. (See Chap.   11     for more 
details on this subject.) However, fi rst-generation antihistamines have been used in acute rhinosinusitis to combat nasal 
drainage. This is primarily due to the anticholinergic effect of these drugs, an activity that is mostly absent in second-gen-
eration drugs (loratadine, fexofenadine, cetirizine) that are also now available over the counter. First-generation antihista-
mines may cause overdrying of the nasal mucosa and thus lead to further discomfort limiting their usefulness [ 15 ]. On the 
other hand, antihistamines can be effective in atopic patients due to their antihistamine activity. Antihistamines block the 
H1 histamine receptor and have been demonstrated to be effective in patients with documented aeroallergen allergies. 
Basophils and mast cells are stimulated to release histamine by the binding of cell-bound IgE antibodies to the offending 
aeroallergen protein. Therefore, antihistamines only help the acute sinusitis patient when rhinorrhea, sneezing, nasal con-
gestion, and nasal pruritus are associated with basophil and mast cell release of histamine. A recent Cochrane Review noted 
that there is no evidence supporting the routine use of antihistamines in the treatment of acute rhinosinusitis in children. 
For most patients, antihistamines will not signifi cantly alleviate nasal congestion, rhinorrhea, or sneezing in patients with 
an upper respiratory infection [ 38 ]. Therefore, antihistamines should not be used in acute rhinosinusitis unless the patient 
has documented allergies to aeroallergens that are present during the time of the infection. Further research needs to be 
conducted [ 39 ]. 

 Though commonly utilized, the evidence above suggests that antihistamines should not be used as fi rst-line treatment of 
acute rhinosinusitis. Not only has no study showed effi cacy, but there are also potential side effects. First-generation H1 
antihistamines cross the blood-brain barrier and are known to cause sedation. Other side effects of antihistamines include 
dizziness, dry mouth, a feeling of nervousness, excitability, irritability, blurry vision, and decreased appetite. Table  19.5  
provides information on the different generations of antihistamines and some of their common adverse effects. Antihistamines, 
in general, are not an effective adjunctive therapy for acute rhinosinusitis unless the patient is experiencing concomitant 
allergy disease. In this circumstance, second-generation (e.g., loratadine, fexofenadine, cetirizine, levocetirizine) or topical 
antihistamines (e.g., azelastine, olopatadine) should be fi rst considered.

       Intranasal Corticosteroids 

 Intranasal corticosteroids are anti-infl ammatory agents that reduce infl ammation and edema. They have been shown to 
reduce infl ammation of the nasal mucosa, nasal turbinates, and sinus ostia. Intranasal corticosteroids generally do not affect 
symptoms until after 2–4 days of usage. A recent study demonstrated the effectiveness of mometasone furoate nasal spray in 
the treatment of acute rhinosinusitis [ 40 ]. In this study, the authors evaluated minimal symptom days (defi ned by less than 4 
days with symptom including rhinorrhea, postnasal drip, congestion, and sinus tenderness) while taking mometasone furoate 
nasal spray 200 μg once daily, versus twice daily, versus treatment with amoxicillin 500 mg three times a day, versus placebo 
[ 40 ]. The study concluded that mometasone furoate nasal spray twice daily signifi cantly decreased symptom days as com-
pared to amoxicillin or placebo in patients with acute rhinosinusitis and can improve outcomes with decreased unnecessary 
antibiotic use [ 40 ]. A previous study found that antibiotics and intranasal corticosteroids, either alone or in combination, 
were ineffective [ 41 ]. However, other studies have suggested that intranasal corticosteroids provide additional benefi t in 
symptoms when used with antibiotics [ 42 – 48 ]. 

  Table 19.4    Adjunctive therapies 
for treatment of acute rhinosinusitis  

 Analgesics 
 Antihistamines 
 Antileukotrienes 
 Decongestants 
 Herbal preparations 
 Mucolytics 
 Nasal corticosteroids 
 Nasal irrigation 
 Oral corticosteroids 
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 A Cochrane Review published in 2009 evaluated four randomized controlled trials that included 1,943 patients in total 
[ 44 – 46 ,  48 ]. The review concluded that although the current evidence is limited, it does support the use of intranasal corti-
costeroids as monotherapy or as adjunctive therapy to antibiotics in acute rhinosinusitis [ 49 ]. Although the data for the use 
of intranasal corticosteroids is somewhat controversial, guidelines still recommended this class of drug as an option in treat-
ing acute rhinosinusitis [ 4 ,  8 ,  9 ,  11 ,  13 ]. Intranasal corticosteroids are effective for controlling symptoms including nasal 
congestion, nasal discharge, pruritus, sneezing, and postnasal drip. There are several intranasal corticosteroids that are avail-
able by prescription only (Table  19.6 ). In comparing oral antihistamines and nasal corticosteroids, the intranasal corticoste-
roids have shown to provide better overall relief [ 50 ].

   Adverse effects associated with intranasal corticosteroids include nasal burning, epistaxis, nasal pruritus, headache, and 
pharyngitis. Rare and questionable systemic adverse effects include insomnia, nervousness, increased appetite, indigestion, 
headache, hyperglycemia, and diaphoresis. Systemic adverse effects are only seen if the nasal steroids are used off label in 
high doses for prolonged periods of time [ 51 ]. Another adverse effect of intranasal corticosteroids is nasal septum perfora-
tion. Patients should be advised to point away from the septum and laterally toward the inner canthus of the eye when admin-
istering intranasal steroids. Intranasal corticosteroids are a relatively safe medication and should be considered as an option 
alone or adjunctive medication for treatment of acute rhinosinusitis. Table  19.6  lists common intranasal corticosteroids and 
their adverse effects. 

 When beginning the discussion of starting a child on an inhaled corticosteroid, one of the parents’ main concerns is how 
the inhaled corticosteroid will affect their child’s growth and development. The word “steroid” poses fear in the hearts of 
parents used to hearing the serious effects this class of drug has on athletes that abuse them. In a recent controlled prospective 
study, growth and pulmonary function in children was evaluated during long-term treatment with orally inhaled budesonide. 
The results were compared to children who were not treated with inhaled corticosteroids. The study showed that there were 

   Table 19.5    Antihistamines by generation   

 Generic name  Trade name 

 Half- 
life 
(±5 h) 

 Skin test 
suppression mean 
(max) days  Adverse effects 

  First generation  ( H1 )   Cross the blood - brain barrier  
 Brompheniramine  Dimetapp  24.9  >2 (4)   More common:  sedation, dizziness, tinnitus, blurred vision, euphoria, 

uncoordination, anxiety, increased appetite leading to weight gain, 
insomnia, tremor, nausea and vomiting, constipation, diarrhea, dry 
mouth, and dry cough 

  Infrequent:  urinary retention, palpitations, hypotension, headache, 
hallucination, and psychosis 

 Chlorpheniramine  Chlor- 
Trimeton  

 27.9  3 (6) 

 Clemastine  Tavist  21.3  5 (10) 
 Cyproheptadine  Periactin  16  9 (11) 
 Diphenhydramine  Benadryl  9.2  2 (5) 
 Hydroxyzine  Atarax  20  5 (8) 
 Promethazine  Phenergan  9–16  3 (5) 
 Triprolidine  Actifed  3.2  3 (7) 
  Second / third generation    More selective for peripheral histamine receptors  
 Acrivastine  Semprex-D  1.4  3   Most common:  drowsiness, fatigue, headache, nausea, and dry mouth 
 Azelastine HCl  Astelin Nasal  22  2 
 Cetirizine  Zyrtec  7  3 
 Desloratadine  Clarinex     7.8  7 
 Fexofenadine  Allegra  14.4  2 
 Levocetirizine  Xyzal  7  Unknown 
 Loratadine  Claritin  7.8  7 
 Olopatadine HCl  Patanase Nasal  12  Unknown 

    Table 19.6    Intranasal corticosteroids   

 Generic name  Trade name  Effects  Mechanism of action  Dose  Common adverse effects 

 Beclomethasone  Beconase AQ  First-line therapy to treat 
symptoms including 
nasal congestion 

 Decreases infl amma-
tion associated 
with allergies 

 1–2 sprays per nostril 1–2 
times per day 
depending on agent use 

 Epistaxis 
 Budesonide  Rhinocort  Altered taste 
 Ciclesonide  Omnaris  Altered smell 
 Flunisolide  Nasarel, Nasalide  Nasal burning/stinging 
 Fluticasone  Flonase  Headache 
 Mometasone  Nasonex  Nasal septum 

perforation  Triamcinolone  Nasacort AQ 
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no statistically signifi cant changes in growth velocity, weight gain, or lung development in those treated with inhaled 
budesonide as compared to those who were not [ 52 ]. One study on intranasal steroids showed that there is no growth sup-
pression with 100 mg intranasal mometasone furoate once daily in children. Overall, there is much less data regarding the 
effects of intranasal corticosteroids on growth. However, since there is less systemic exposure with intranasal corticosteroids 
than orally inhaled corticosteroids used for asthma due to lower total dosing, the risk should be even smaller.  

   Oral Corticosteroids 

 Some guidelines recommend oral corticosteroids as an option in treating acute rhinosinusitis [ 12 ]. Oral corticosteroids are 
used either alone, or in addition to intranasal corticosteroids for severe nasal obstruction and for short-term rescue treatment 
for uncontrolled respiratory symptoms despite conventional pharmacotherapy [ 12 ]. The recommended daily dosing of oral 
corticosteroids is 0.5 mg/kg orally for 5–10 days [ 12 ]. In a double-blind, randomized controlled study, patients over the age 
of 18 years with acute rhinosinusitis were treated with either antibiotic therapy in addition to a 3-day course of oral cortico-
steroids or antibiotic therapy alone [ 53 ]. The results showed that after the fi rst 3 days of treatment, patients who received oral 
corticosteroids had fewer symptoms including pain and nasal obstruction. However, at the end of treatment protocol, both 
the antibiotic alone and the antibiotic plus steroid treatment groups were symptom free [ 53 ]. This study showed the positive 
impact oral corticosteroids have in the initial recovery phase while not signifi cantly affected the ultimate outcome. 

 There is a continued debate between allergist/immunologists and otolaryngologists regarding the use of oral corticoste-
roids for the treatment of acute rhinosinusitis. Otolaryngologists tend to favor the use of oral corticosteroids to treat the 
severe nasal congestion and infl ammation that is commonly associated with acute rhinosinusitis. Allergist/immunologists 
generally defer the use of oral corticosteroids to only the most severe circumstances because of potential side effects. They 
point out that side effects from even a short course can include aseptic necrosis of the hip, glaucoma, lower extremity edema, 
hypertension, mood swings, and weight gain. When oral steroids are used more chronically, the list expands to include cata-
racts, hyperglycemia, osteoporosis, adrenal suppression, thinning of the skin, an increased risk of infection, and, in children, 
reduction in growth velocity. Further clinical trials are needed to assess the risks/benefi t relationship of treating acute rhino-
sinusitis with oral corticosteroids before this debate can be settled. In general, considering the side effect profi le, the oral 
method of steroid administration should not be considered a fi rst-line treatment of acute rhinosinusitis. Table  19.7  outlines 
the different classes of oral corticosteroids [ 54 ].

   When looking at growth velocity in children taking oral as compared to inhaled corticosteroids, there is a notable differ-
ence and deserves special mention. A meta-analysis of the effect of oral and inhaled corticosteroids on growth was performed 
which compared attained heights with expected heights in children treated with either oral or inhaled corticosteroids [ 55 ]. 
The study revealed that there was a weak association with growth impairment in children being treated with prednisone and 
other oral corticosteroids. In comparison, treatment with inhaled corticosteroids was associated with attaining normal stat-
ure. It is important to review these adverse effects with parents when considering treating children with oral corticosteroids 
under all circumstances.  

   Analgesics 

 Over-the-counter analgesics are typically used for mild to moderate pain associated with acute rhinosinusitis, including facial 
tenderness or sinus headaches. Acetaminophen or nonsteroidal anti-infl ammatory drugs (NSAIDs) are the most commonly 
used analgesics. Symptomatically treating pain may allow the patient to carry on with daily activities more easily while sick. 
No studies have been done to evaluate if analgesics alone or in combination with antibiotics quicken resolution of acute 

   Table 19.7    Systemic corticosteroids   

 Corticosteroid  Relative glucocorticoid potency  Plasma half-life (min)  Estimated biological half-life (h) 

 Hydrocortisone  1  90  8–12 
 Cortisone acetate  0.8  30  8–12 
 Dexamethasone  25  200  36–54 
 Fludrocortisone  10  Unknown  18–36 
 Prednisone  3.5  60  18–36 
 Prednisolone  4  200  18–36 
 Methylprednisolone  5  180  12–36 
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rhinosinusitis symptoms. There is no clear role for any stronger analgesics such as narcotics in the symptomatic relief of acute 
rhinosinusitis. Some patients with acute rhinosinusitis may develop migraine headaches. These are most commonly treated 
with oral NSAIDs along with triptans if this class of drug has already been established as effective for the individual patient 
in question. When presenting to a primary care physician, approximately 56 % of patients are recommended to take analge-
sics to help improve their symptoms and decrease infl ammation [ 56 ]. This suggestion seems reasonable except in the case of 
a CRS patient with nasal polyps who demonstrate a high incidence of NSAID hypersensitivity (see Chap.   12    ). In general, 
more studies are needed to evaluate different classes of analgesics and their role in providing sinus symptom relief.  

   Decongestants 

 Intranasal decongestants, i.e., ephedrine, an α 1 -agonist, and xylometazoline, an α 2 -agonist, are sympathomimetics that 
increase nasal vasoconstriction. When combined with an intranasal corticosteroid, it has been demonstrated to have short- 
term benefi ts in acute exacerbations of chronic rhinosinusitis with nasal blockage [ 57 ]. In a Cochrane Review, seven studies 
were evaluated, and topical nasal decongestants were found to be modestly effective for short-term relief of congestion in 
adults with the common cold [ 38 ]. Oral decongestants such as pseudoephedrine are commonly suggested but there is little 
data to support their effi cacy or an improvement in long-term outcome [ 58 ]. 

 The abbreviated use of topical decongestants for less than 4 days is advised in order to avoid a rebound effect that some-
times occur from this class of medication (rhinitis medicamentosa) [ 12 ]. Rhinitis medicamentosa is a type of non-allergic 
rhinitis. Very little information is known about this phenomenon and there is no literature devoted solely to it. While there 
are no current treatment recommendations for rhinitis medicamentosa other than avoiding the inciting agent, an intranasal 
corticosteroid can be used to alleviate symptoms. If the intranasal corticosteroid alone is not providing suffi cient relief in 
rhinitis medicamentosa, an intranasal antihistamine can also be added [ 59 ]. Ultimately, this problem generally self resolves 
once the topical decongestant has been discontinued.  

   Mucolytics 

 Mucolytics are not routinely recommended in the guidelines for treatment of rhinosinusitis. In a randomized placebo- controlled 
study, mucolytics as an adjunctive therapy were studied in the treatment of children with acute rhinosinusitis. Erdosteine, a 
mucolytic, was administered to 49 children while 43 received placebo [ 60 ]. Both groups also received an antibiotic throughout 
the course of treatment. After 2 weeks of treatment with either antibiotic and mucolytic or antibiotic alone, there was no sig-
nifi cant difference between the two groups [ 60 ]. This study concluded that the use of erdosteine as a mucolytic agent in chil-
dren with acute rhinosinusitis does not improve or hasten resolution of symptoms. Mucolytics are not routinely given for 
treatment of acute rhinosinusitis. To date, there is little evidence supporting them as a benefi cial adjunctive therapy.  

   Antileukotrienes 

 While antileukotrienes have been proven to be modestly effective in treating allergic rhinitis, there are no randomized, con-
trolled trials on the use of antileukotrienes in the treatment of acute rhinosinusitis. Antileukotrienes have also demonstrated 
effi cacy in the treatment of nasal polyposis [ 61 ]. The exact anti-infl ammatory role of montelukast on infl ammatory cells in 
the nasal passages and sinuses has not been fi rmly defi ned. In 2012, a pilot study was initiated to evaluate the role of monte-
lukast in preventing early and late infl ammatory cells response to specifi c allergens causing persistent rhinitis. Patients were 
randomized into montelukast versus placebo groups for 4 weeks after both received a 4 week nasal wash out. There were 
fewer infl ammatory cells noted, specifi cally macrophages and neutrophils, in the treatment group after receiving montelukast 
as compared to the control group, but the results were not statistically signifi cant [ 62 ]. 

 In general, there is no place for antileukotrienes as adjuvant therapy for acute rhinosinusitis unless the drug is being used 
regularly for concurrent allergic rhinitis, asthma, and/or nasal polyposis.  

   Saline Nasal Irrigation 

 Saline nasal irrigation or nasal douching is a safe, inexpensive treatment for acute rhinosinusitis. It is commonly used in 
continental Europe. It may be used to soften viscous secretions and improve mucociliary clearance. Evidence exists that 
saline nasal irrigation reduces the symptoms of chronic rhinosinusitis [ 63 – 67 ]. No clinical trials exist for the treatment of 
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acute rhinosinusitis, but irrigation with nasal saline appears safe. Minor adverse effects can be avoided with modifi cation of 
administration technique and adjustment of the saline concentration, and there have been no reports of serious adverse 
events. Nasal saline irrigation can be recommended as a supportive mode of treatment in acute rhinosinusitis.  

   Herbal Preparations 

 Nasodren (Sinuforte) is a nasal spray obtained from the juice and natural aqueous extract of fresh tubers of the plant  Cyclamen 
europaeum . In two studies from Russia, Nasodren has been reported to be effective in the treatment of acute rhinosinusitis 
[ 68 ,  69 ]. The fi rst study evaluated 50 patients with acute suppurative bacterial rhinosinusitis [ 68 ]. Half were treated with 
Nasodren, amoxicillin, and xylometazoline with the other half treated with only amoxicillin and xylometazoline for 8 days 
[ 68 ]. A higher proportion of patients receiving the Nasodren described their overall treatment as excellent. The treatment 
group also had a statistically signifi cant increase in mucociliary transport time [ 68 ]. Another study evaluated 30 patients with 
acute rhinosinusitis treated with Nasodren alone [ 69 ]. All 30 patients received Nasodren monotherapy [ 69 ]. The study 
showed that for these patients with moderately severe acute rhinosinusitis, Nasodren alone ensured recovery in 73 % of cases 
by day 7 [ 69 ]. Based on these studies, Nasodren proved to be benefi cial in relieving symptoms due to acute rhinosinusitis 
both as an adjunctive therapy and on its own. Sinupret ® is an herbal medicinal product made from gentian root, primula 
fl ower, elder fl ower, sorrel herb, and verbena herb. It is frequently used as a complementary and alternative medicine (CAM) 
in the treatment of acute and chronic rhinosinusitis and URIs. Sinupret ® was shown to have signifi cant antiviral activity 
against many viruses including adenovirus C subtype 5, human rhinovirus B subtype 14, and RSV [ 70 ]. 

 More people are using herbal preparations for treatment of a multitude of diseases. In fact, it has been shown that many 
individuals will seek out complementary and alternative medications to help them fi nd a more natural approach to the treat-
ment of their diseases. Many people are also wary of the side effects of the various commercially prepared “Western” medi-
cations, and with the rising costs of these medications, the herbal preparations appear to many patients to be a more attractive 
therapeutic option. 

 One should be careful in using complementary and alternative medicines. Most of these have not been adequately studied 
and may contain components that are harmful to health. Some even contain corticosteroids, and the chronic ingestion of 
these products may lead to severe long-term sequelae. Many of these products are under investigation using modern labora-
tory methods, but as of the present time, they are not under the regulation of a federal agency, in the same manner that drugs 
are regulated by the FDA.    

    Immunotherapy 

 The role of subcutaneous immunotherapy (SCIT) in the treatment of rhinosinusitis is unclear. If the rhinosinusitis is related 
to an underlying allergic disease, then immunotherapy may be of benefi t. Immunotherapy has been effective in the treatment 
of allergic fungal rhinosinusitis. This is discussed in more detail in Chap.   8    . The use of sublingual immunotherapy (SLIT) 
has not been adequately studied in the treatment of rhinosinusitis.  

    Conclusion 

 The diagnosis and medical treatment of acute rhinosinusitis remains controversial, but general guidelines to therapy have 
been defi ned. A majority of cases of rhinosinusitis are caused by viral infections. The diffi culty is defi ning when a case of 
acute rhinosinusitis is complicated by bacterial infection. Many guidelines have been developed to aid in the diagnosis of 
acute bacterial rhinosinusitis and to differentiate it from other nonbacterial causes. Most of the guidelines state severe per-
sistent symptoms as the main reason to treat a patient with oral antibiotics. However, recent evidence has shown that even if 
a bacterial cause for the acute rhinosinusitis is suspected, antibiotic treatment may not promote a more rapid clearance of the 
bacteria from the sinuses or resolution of symptoms. When choosing to use antibiotics, the best choice in the ambulatory care 
setting is a drug that is beta lactamase resistant such as amoxicillin-clavulanate or a second-generation cephalosporin. Nasal 
rinsing with isotonic or hypertonic tepid saline is commonly benefi cial and has been shown to hasten recovery. There is some 
data to support the use of topical nasal steroids and even short-course systemic corticosteroids for symptom relief although 
the side effect profi le of this format of therapy clearly favors the topical application. Other adjunctive therapies such as anti-
histamines, decongestants, and mucolytics may be benefi cial for symptomatic relief in selected cases, but few studies clearly 
show additional effi cacy when used alone or in conjunction with antibiotics.     
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    Chapter 20   
 Medical Management of Chronic Rhinosinusitis 
in Children and Adults 

             Samuel     L.     Friedlander     

           Introduction 

    Chronic rhinosinusitis (CRS) is defi ned as an infl ammatory condition affecting the nasal passageways and sinuses lasting 
over 12 weeks. Defi ned by survey criteria from the National Health Interview Study, CRS affects 12.5 % of Americans [ 1 , 
 2 ]. Worldwide, 10.9 % of the population around 19 European centers had CRS based on EP [ 3 ] OS criteria [ 3 ,  4 ] and it was 
present in 7 % in South Korea [ 5 ]. CRS is subdivided into two groups depending on whether nasal polyps are present or not. 
The differential diagnosis of CRS is presented in Fig.  20.1 . Chronic rhinosinusitis with polyps (CRSwNP) occurs in approxi-
mately 20–33 % of cases, and chronic rhinosinusitis without polyps (CRSsNP) is present in 60–65 % [ 6 ]. The diagnosis is 
supported by nasal endoscopy and/or sinus CT scans. However, depending on the research or clinical need, sinus CT scan is 
supported by some guidelines [ 7 ] and not routinely recommended by other societies [ 8 ].

   Multiple medical therapies are recommended for the treatment of CRS [ 9 ]. Some of the therapies vary by specifi c pheno-
types of the disease while other recommendations are universal (Table  20.1 ) [ 9 ]. Several publications have defi nitively high-
lighted the treatment of CRS as based on evidence-based research and consensus guidelines [ 1 ,  4 ,  10 ,  11 ]. This chapter will 
focus on the medical management of CRS in adults and children by reviewing the evidence, preferably high-level, for the 
many available treatment modalities. Included in this review are the usage of nasal corticosteroids, systemic corticosteroids, 
oral antibiotics, the role of biofi lms as related to treatment of CRS, nasal saline irrigation, topical antibiotics, and a combina-
tion of medical therapies.

       What Is the Evidence for Using Nasal Corticosteroids in CRS? 

 Nasal corticosteroids are the primary modality for the medical management of chronic rhinosinusitis [ 1 ]. They have been 
shown to improve symptom scores and objective measures in CRS. Guidelines on rhinosinusitis support their usage for both 
CRSwNP and CRSsNP. The European Position Paper on Rhinosinusitis and Nasal Polyposis 2012 recommends nasal ste-
roids for mild, moderate, and severe CRS with and without nasal polyps [ 10 ]. Also, the Joint Task Force on Practice 
Parameters (JTFPP) and the British Society for Allergy and Clinical Immunology (BSACI) advise using nasal corticoste-
roids for CRS [ 8 ,  11 ]. 

 However, no corticosteroids are FDA approved for use in CRSsNP and neither are any antihistamines, alpha-adrenergic 
decongestants, or mucolytics [ 12 ]. 

 In 2004, mometasone furoate 200 mcg BID became FDA approved for CRS with nasal polyposis in adults. The approved 
dosage is double that approved for allergic rhinitis. Beclomethasone (Beconase ®) also is approved for prevention of polyp 
recurrence after surgical removal [ 13 ]. However, this product is not currently available in the USA but is sold worldwide. 
A newer formulation of beclomethasone nasal does not currently have the CRSwNP indication.  
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    Mechanism of Action and Pharmacologic Properties 

 The mechanism of action of intranasal steroids is thought to be related to their anti-infl ammatory action on infl ammatory 
cells, altering properties of nasal constitutive cells, and inducing T regulatory cells [ 14 ,  15 ]. The corticosteroid binds the 
intracellular glucocorticoid receptor. This forms a complex that translocates into the nucleus. The anti-infl ammatory effects 
occur through transactivation and transrepression pathways. Transactivation indicates that glucocorticosteroid binding acti-
vates promoter regions encoding anti-infl ammatory genes [ 16 ]. Conversely, transrepression pathways deactivate pro- 
infl ammatory genes [ 17 ]. On a cellular level, corticosteroids inhibit the maturation and function of mast cells and basophils, 
induce apoptosis of eosinophils, and decrease eosinophilic infl ammation and chemotactic cytokines [ 18 – 22 ]. Antigen- 
presenting cell recruitment is limited and T helper type 2 cells and production of their related cytokines, IL-4, IL-5, and 
IL-13, are reduced [ 23 – 25 ]. Further effects include various adhesion molecules and chemokines are downregulated. 
Cytokines of fi broblasts, epithelial, and endothelial cells are decreased and goblet cells produce less mucin [ 14 ]. 

 Nasal corticosteroids are classifi ed by potency, lipophilicity, and systemic bioavailability (Table  20.2 ) [ 26 – 28 ]. Potency 
can be measured by receptor binding affi nity and relative cutaneous vasoconstriction [ 29 ]. The newer steroid molecules tend 
to be the most potent. There are some differences in the literature as to whether fl uticasone or mometasone is the most potent 
molecule among the available intranasal steroids. However, clinical studies also do not necessarily correlate potency with 
clinical effi cacy [ 30 ]. It is possible that there is a ceiling at which more potent molecules would not be any more effi cacious. 
Lipophilicity increases absorption and retention in the nasal mucosa and is thus benefi cial [ 31 ]. However, this property can 
also allow undesired accumulation of steroid in other tissue compartments. Systemic absorption from swallowing drug 

Humoral immune deficiency
abnormal mucociliary function

Bacterial
infection

CRS without NP

With other
inflammatory

features

With eosinophilic
inflammatory

features

Vaso-
motor
rhinitis

Non-
allergic
rhinitis

Non-
allergic
rhinitis

GERD Sarcoid-
osis

Chronic rhinosinustitis
(CRS)

Allergic rhinitis

CRS with NP

With eosinophilic
inflammatory 

feautures

With other
inflammatory 

feautures

Eosinophilic
mucin with fungal

hyphae (and positive
fungal skin tests)
“classic AFRS”

Without
fungal
hyphae

ASA
tolerant

ASA
tolerant

ASA
sensitive

ASA
sensitive

Clinical classification of CRS 

  Fig. 20.1    Proposed subclassifi cation of chronic rhinosinusitis.  AFRS  allergic fungal rhinosinusitis,  ASA  aspirin,  GERD  gastroesophageal refl ux 
disease,  NP  nasal polyposis (Reprinted from Meltzer et al. [ 35 ]. With permission from Elsevier)       
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   Table 20.1    Summary of evidence-based recommendations for the treatment of CRS   

 Organization 

 JTFPP [ 11 ]  Antibiotics: role is controversial; may be useful for acute exacerbation of chronic disease 
 Intranasal corticosteroids: may be modestly benefi cial as adjunctive therapy 
 Antihistamines: possible role in CRS if underlying risk factor is allergic rhinitis 
 Topical and oral decongestants: prospective studies evaluating use are lacking 
 Antifungal agents: role has not yet been established 

 EPOS [ 4 ]   Chronic rhinosinusitis w/o polyps    Chronic rhinosinusitis with polyps  
 Mild  Mild 
  Topical corticosteroids   Topical corticosteroids for 3 months 
  Nasal lavage   If benefi cial, continue and review every 6 months 
  If failure by 3 months, treat as mod/sev   If no benefi t, add short course of oral steroids 
 Moderate/severe   If still no improvement, continue CT; assess surgical options 
  Topical corticosteroids   If improved after 1 month, switch to topical steroid drops; 
  Long-term macrolide therapy   Review after 3 months 
  Culture  Moderate 
 Cases that improve   Topical corticosteroid drops for 3 months 
  Follow-up with nasal lavage, topical corticoste-

roids, consider long-term macrolide therapy 
  If benefi cial, continue and review every 6 months 
  If no improvement after 3 months, add short course of oral corticoste-

roids, consider CT, and evaluate surgical candidate. If improved after 1 
month, switch to topical steroid drops 

 Severe 
  Short course of oral corticosteroids plus topical steroid for 1 month 
  If benefi cial, topical corticosteroid drops only 
  Review after 3 months, if no improvement, perform CT and evaluate for 

surgical intervention 

 CPG:AS [ 7 ]  Take preventive measures to minimize symptoms and exacerbations of CRS: 
 Saline nasal irrigation daily 
 Concomitant treatment of any underlying conditions (e.g., GERD) 
 Good hand hygiene to prevent viral rhinosinusitis 
 Assess patient for factors that could modify therapy such as allergic rhinitis, immune defi ciency, cystic fi brosis, ciliary 

dyskinesis, structural factors 

   JTFPP  Joint Task Force on Practice Parameters,  EPOS  European Position Paper on Rhinosinusitis and Nasal Polyps,  CPG:AS  Clinical Practice 
Guideline: Adult Sinusitis  

   Table 20.2    Corticosteroids   

 Relative receptor affi nity a   Lipophilicity b   Bioavailability (%)  FDA-approved conditions 

 Beclomethasone c   1,345  Moderate  44.0  AR (p, s), NAR, NP, asthma 
 Budesonide d   855  Moderate  31.0  AR, asthma; also NAR in adults 
 des-Ciclesonide  1,212  High  0.1  AR (p, s), asthma 
 Flunisolide  177  Low  50.0  AR (p, s), asthma 
 Fluticasone furoate e   2,989  High  0.5  AR (p, s) 
 Fluticasone propionate e   1,775  High  0.5  AR, NAR, asthma 
 Mometasone furoate f   2,244  High  0.1  AR (p, s), asthma; also NP in adults 
 Triamcinolone g   233  Low  44.0  AR (p, s), asthma 

  Refs. Valotis and Hogger [ 29 ], Mullol et al. [ 27 ], Micromedex Thomson Reuters [ 28 ] 
 Pharmacokinetic properties and rhinitis and respiratory-related indications of nasal corticosteroids that are used in the treatment of CRS 
 Note that these medications are not FDA approved for CRS except as stated 
  Ped  pediatric,  AR  allergic rhinitis,  NAR nonallergic rhinitis,  NP  nasal polyp,  p  perennial,  s  seasonal 
  a Relative receptor affi nity versus dexamethasone that has a receptor affi nity of 100 
  b Lipophilicity based on ranked order of the above molecules 
  c Beconase, no longer marketed in the USA, was indicated for AR and NAR for 6 years and older; it also had indication for prevention of recurrence 
of NP following surgical removal in adults. It is indicated for asthma ≥5 years old and rhinitis for ≥6 years old. Currently, Qnasl is indicated for 
AR in 12 years and older 
  d Budesonide suspension is indicated for asthma at age 1–8 years and for AR at 6 years old 
  e Fluticasone furoate is approved at age 2 years old for AR and fl uticasone propionate is approved at age 4 years old for AR and asthma 
  f Mometasone is approved at age 2 years old for AR and at age 4 years old for asthma 
  g Triamcinolone is approved at age 2 years old for AR. Azmacort, used for asthma, has been discontinued  
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through the gastrointestinal tract also infl uences what may adversely enter other sites. The newer agents have low bioavail-
ability profi les so very little enters the systemic circulation via hepatic fi rst-pass mechanisms [ 32 ]. Drug that is absorbed 
directly through the nasal and sinus passages bypasses hepatic fi rst-pass pathways and is thus systemically bioavailable [ 26 ].

       Nasal Corticosteroids in CRSsNP 

 A Cochrane review of topical steroids in CRSsNP found them to be benefi cial [ 33 ]. The meta-analysis included 10 studies 
with 590 patients aged 15–79 using low-pressure delivery devices including sprays, intrasinus and intranasal tubes, and 
aerosols. Both symptom scores and proportion of patients responding to treatment favored the topical steroid group, with 
greater effects using sinus delivery methods compared to nasal delivery methods. The EPOS 2012 evidence-based guidelines 
came to similar conclusions [ 10 ]. 

 Lund et al. performed a randomized, double-blind, placebo-controlled multicenter and multinational trial to evaluate the 
effi cacy of budesonide 128 mcg twice a day in CRS over 20 weeks [ 34 ]. Over a 3-year period, 244 subjects were enrolled, 
167 were eligible for randomization, and 134 completed treatment. This was the largest trial evaluated in the above Cochrane 
meta-analysis. At the end of the study, the mean improvement in combined symptom scores was 1.85 with budesonide com-
pared to 1.02 taking placebo ( p  = 0.005). Improvements were seen in facial congestion/nasal blockage/obstruction, nasal 
discharge, and impairment in sense of smell. No signifi cant improvement was observed in the facial pain/pressure/headache 
score. In subjects treated with budesonide, 43.1 % reported substantial or total control of symptoms compared with 25.9 % 
in the placebo group. There was also a signifi cant improvement in peak nasal inspiratory fl ow (49.1 l/min in treatment group 
compared to 10.4 l/min in placebo group,  p  < 0.001). Subgroup analysis found budesonide improved combined symptoms 
scores in allergic but not nonallergic subjects. Peak nasal inspiratory fl ow was improved in both the allergic, 40 % of the total, 
and nonallergic groups. Nasal steroids lead to decongestion and it has been diffi cult to objectively distinguish their effect in 
CRS from the improvement in nasal congestion alone [ 35 ]. Further studies are required to defi ne optimal treatment and 
delivery methods and which subgroups are most likely to respond to treatment.  

    Nasal Corticosteroids in CRSwNP 

 Randomized trials have demonstrated the clinical effectiveness and prevention of polyp regrowth after sinus surgery. A meta- 
analysis of intranasal corticosteroids in CRSwNP evaluated data on polyp size and recurrence and nasal airfl ow [ 10 ]. There 
were 3,532 subjects in 38 studies given fl uticasone, beclomethasone, betamethasone, mometasone, fl unisolide, or budesonide. 
The dosages in many of the studies were higher than FDA-approved dosages for allergic rhinitis, such as using fl uticasone 
400 mcg BID or mometasone 200 mcg BID. 

 In their meta-analysis, the EPOS 2012 reported that symptom scores, the proportion of responders to the medicines, polyp 
score, and change in polyp score signifi cantly improved with intranasal corticosteroids. Also, the report found improvement 
using nasal steroids on measures of peak nasal inspiratory fl ow and improvement in nasal airfl ow. Subgroup analyses were 
performed based on surgical status, topical delivery method, and modern versus fi rst-generation nasal steroids. Compared to 
sprays, nasal aerosols and turbuhaler improved symptom scores better although there was no difference in terms of polyp size 
reduction or nasal airway scores. Turbuhaler has a similar design as the asthma medication, Pulmicort Flexhaler ®, using a 
nasal adaptor, but is not available in the USA. There did not appear to be any difference between modern and fi rst-generation 
corticosteroids on symptom scores. Those with prior surgery responded greater in polyp size reduction, but symptom scores 
and nasal airfl ow were not different than those without sinus surgery. Improvement in sense of smell has not been consistent 
between studies. 

 These subgroup analyses are limited by smaller sample sizes and the inability to pool all studies for analysis. Reasons for 
the inability to include all studies are in part due to many publications of trials not containing numeric data of the outcomes, 
standard deviations, standard error, 95 % confi dence intervals, range, or interquartile ranges that are needed to perform a 
meta-analysis. This reduces the confi dence of meta-analyses in general. 

 In one representative 12-week study, subjects with severe polyposis were treated with fl uticasone 200 mcg or beclometha-
sone 200 mcg both twice a day versus placebo [ 36 ]. There was a signifi cant improvement in polyp score, nasal cavity volume 
using acoustic rhinometry, peak nasal inspiratory fl ow rate, and nasal blockage in those treated with fl uticasone compared to 
placebo. Beclomethasone also showed improvement in nasal cavity volume and nasal blockage. Loss of sense of smell and 
numbers of patients requiring polypectomy were no different between the nasal steroids and placebo. 
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 A 12-week, double-blind, placebo-controlled study demonstrated the benefi t of using topical corticosteroid nasal drops 
for the treatment of established nasal polyps [ 37 ]. The study recruited 28 male patients from the Netherlands with severe 
nasal polyps or CRS indicated for functional endoscopic sinus surgery (FESS). Subjects were instructed to lie on their back 
with their head hanging down in an inverted vertical position over the edge of the bed. Fluticasone propionate drops were 
administrated 200 mcg per nostril once daily. Subjects stayed in the inverted vertical position for 2 min to allow deposition 
of the medicine. The primary effi cacy endpoint was based on a scoring method that took into consideration patients’ symp-
toms, sinus computed tomography (CT) score, and the physician’s clinical impression of the patient’s need for sinus surgery. 
Fluticasone nasal drops reduced the need for sinus surgery, improved hyposmia, and decreased nasal polyp volume. Of note, 
fl uticasone nasal drops are not available in the USA. 

 Aqueous budesonide (Pulmicort Respules ®) or other steroids can be used “off-label” similar to the fl uticasone nasal 
drops [ 38 ,  39 ]. There are several different delivery methods including one similar to the above Aukema study as well as add-
ing the corticosteroid to nasal irrigation or nebulization devices. Some are highlighted in the below section on “safety of 
intranasal corticosteroids.” It is important to deliver the topical steroid to the polypoid tissue, sinus ostia, and the sinus cavi-
ties. One recommendation is to mix 0.5-mg budesonide with 5 ml of saline and instill it in the right nostril once daily either 
in the head down forward or head hanging down in an inverted vertical position over the edge of the bed. Then, the patient 
moves to the right lateral decubitus position and fi nally in the supine position, each for 1–2 min (Fig.  20.2 ) [ 40 ]. One should 
blow out the remaining nasal solution and repeat the procedure for the left nostril [ 40 ].

       Are Intranasal Corticosteroids Safe? 

 The long-term safety profi le of intranasal corticosteroids has been studied given that systemic corticosteroids are associated 
with decreased bone density [ 41 ], glaucoma, cataract [ 42 ], and growth suppression [ 43 ,  44 ]. The majority of trials evaluating 
topical steroids have been performed in the context of allergic rhinitis. A 1-year trial of the older beclomethasone dipropio-
nate aqueous nasal spray Vancenase ® 168 micrograms twice a day was associated with 0.9 cm lower mean change in height 
in 6–9-year-olds [ 44 ]. Also, a relatively high dose of budesonide 200 mcg twice a day for 6 weeks was associated with short- 
term lower leg growth velocity over 6 weeks [ 45 ]. Fortunately, the majority of studies have not shown any adverse effect on 
growth or the HPA axis with fl uticasone, mometasone, ciclesonide, and other studies with budesonide [ 46 ,  47 ]. In general, 

1. For children, use a quarter-teaspoon in 4 ounces of water for isotonic
    saline.
2. Adjust head position so the solution does not go down the back of the
    throat and one can breathe normally through the mouth.
3. Neti-pot devices using gravity require a horizontal head position. The
    head should be slightly forward and tilted for positive pressure devices.
4. After usage, blow solution out of nose very gently and do not cover the
    nostrils. Otherwise the solution may enter the Eustachian tube and cause
    ear discomfort. Some individuals require bending the head forward and
    lightly blowing out remaining solution. Otherwise the saline can be
    retained in the sinuses.
5. Use less buffered salt solution if nasal irritation or burning occurs.
6. Clean and disinfect the saline rinse device as per manufacturer
    instructions so it does not become microbiologically contaminated.

The following ingredients are required:

1. Pickling or canning salt. It should not contain iodine, anti-caking agents,
    or preservatives

2. Baking soda
3. 8 ounces of lukewarm distilled water

Mix 3 teaspoons of iodide-free salt with 1 teaspoon of baking soda and store in a small
airtight container. To make isotonic saline (0.9 %), add 1/2 teaspoon of the mixture to
8 ounces (1 cup) of lukewarm distilled or boiled water. Use 1−1½ % teaspoons for
hypertonic saline (2−3 %). Commercially available buffered saline packets are also
readily available.

Important points

  Fig. 20.2    Saline    rinse recipe and instructions       
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the newer intranasal corticosteroids have decreased bioavailability and subsequent improved safety profi les [ 48 ,  49 ]. A 
1-year study of mometasone 100 mcg daily in 3–9-year-olds had no adverse effect on growth velocity, change in height from 
baseline, or defects in cosyntropin stimulation testing [ 50 ]. 

 Side effects of intranasal corticosteroids are generally mild and include the following reported conditions: nasal irritation, 
epistaxis, nausea, changes in taste, headache, and respiratory infection [ 26 ,  51 ,  52 ]. No adverse change in nasal mucosal 
biopsies, plasma cortisol levels, and nasal examination, including septal perforation, blood chemistry, or hematology, after 1 
year of nasal steroid treatment was found [ 53 ]. After 36 months, no atrophic rhinitis, squamous metaplasia, or changes in the 
type of surface epithelium occurred [ 54 ]. 

 Regarding using budesonide respules for topical use to the sinuses, some recent evidence is available. Budesonide 
0.25 mg/per nostril daily using head forward, lateral decubitus, and supine positioning for 30 days was studied in nine adults 
with chronic sinusitis [ 55 ]. In this open label, non-randomized, non-controlled study, this dosage did not suppress the HPA 
axis using cosyntropin stimulation testing. Also, quality of life improved as measured by the Sino-Nasal Outcome Test-20 
(SNOT-20) standardized instrument. Side effects occurred in 3 subjects including 2 people with epistaxis, 1 with headache, 
and 1 with diarrhea, dyspepsia, and irritability. 

 Also, patients using budesonide nasal irrigations 0.5 mg mixed with 240 ml of saline for 6 weeks were evaluated. There 
was no decrease in serum cortisol or 24-h urinary cortisol. However, the sample size was 10 patients and this was also not a 
randomized or controlled study [ 56 ]. Therefore, adverse effects on the HPA axis with long-term use cannot be excluded so 
side effects should be monitored. Some authors recommend yearly ocular pressure checks with off-label budesonide 0.5 mg 
usage [ 40 ]. 

 Also, one must always be mindful of safety issues not only with the treatment of a disease but from the lack of treatment 
of the disease. Failing to adequately treat CRS potentially can lead to complications as well. Although rare, there are reports 
of sphenoid sinusitis causing acute ischemic stroke and optic neuritis [ 57 ,  58 ].  

    Systemic Oral Steroids 

 Systemic oral steroids have not been studied as extensively as topical steroids although reports have found an improvement 
in symptom scores and reduction in polyp size. A Cochrane review found benefi t for using oral corticosteroids in CRSwNP 
based on three randomized controlled studies [ 59 ]. 

 In the fi rst study, Van Zele found a 20-day tapering course of steroids benefi ted symptom and polyp scores up to 8 weeks. 
However, this effect did not persist later after discontinuation as no differences were seen at 12 weeks. In this study, oral 
doxycycline also decreased nasal polyp size and both reduced systemic markers of infl ammation [ 60 ]. A second study found 
improved symptom scores and a reduction in the magnetic resonance imaging score in the treatment group [ 61 ]. 

 The third study evaluated patients with nasal polyposis that were given oral prednisone for 2 weeks followed by intranasal 
budesonide for 48 weeks in a prospective trial [ 62 ]. The dosage used was 30 mg per day for 4 days with a 5 mg reduction 
every 2 days compared to a randomized control group not receiving prednisone. At the end of the 2 weeks, the oral predni-
sone group had a signifi cant improvement in quality of life, nasal obstruction, sense of smell, and polyp size. Intranasal 
budesonide 400 mcg/day was continued for 48 weeks and in this trial maintained the treatment effect. At 48 weeks there was 
only a minimal worsening of clinical symptoms. However, no control group was compared for this longer arm of the study 
for ethical reasons. In 17 % of patients, surgery was required for failure of medical therapy. 

 Another study was published after the Cochrane review. Vaidyanathan evaluated 60 subjects with nasal polyposis 
receiving a 2-week regimen of oral prednisolone 25 mg plus 6 months of intranasal steroids versus intranasal steroids 
alone [ 63 ]. The topical steroid dosage was fl uticasone propionate nasal drops 400 mcg twice a day for 8 weeks, then fl uti-
casone propionate nasal spray 200 mcg twice a day for 18 weeks. They found a signifi cant improvement in polyp grade 
and hyposmia score up to 10 weeks, but no statistical differences at 6 months. At the end of the oral prednisolone course, 
the mean decreases in polyp grade and hyposmia score were 2.1 units and 31.1 mm, respectively, in the steroid group 
compared to 0.1 unit and 1.4 mm in the placebo group. Despite the high doses of fl uticasone, there was no adrenal sup-
pression at 10 and 28 weeks compared to baseline. This was measured by overnight urinary cortisol levels corrected for 
creatinine and adrenocorticotropic hormone-stimulated serum cortisol. At 2 weeks on prednisone, both measures were 
suppressed as expected. 

 A recent review evaluated oral steroids in CRSsNP and found low-level evidence from retrospective and prospective trials 
to support this management strategy [ 64 ]. Improved subjective and objective data were found using oral corticosteroids. 
However, the trials were not randomized or controlled, and they also used oral antibiotics and nasal corticosteroids making 
it diffi cult to attribute improvement solely to the steroids.  
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    Nasal Saline 

 There are a variety of proprietary devices and dry salt powders on the market. The “original” Neti-pot-type irrigation devices 
require the patient to tilt their head to the side and saline is instilled using gravity. Newer devices include “squeeze bottles,” 
nebulizers, and electricity-driven units that may be used to deliver saline or medications topically. Bulb syringes may be used 
as well. It is very important to instruct patients properly in the use of nasal saline [ 65 ]. Warm distilled water is instilled using 
proper head position depending on which device is used. The technique should be gentle with caution not to blow the nose 
too forcefully as this may cause ear discomfort (Fig.  20.3 ).

   A randomized controlled trial of 76 subjects using 2 % buffered saline led to an improvement in the Rhinosinusitis 
Disability Index. Fewer sinus symptoms and less antibiotics were used in the treatment group. Levels of satisfaction and 
whether subjects would recommend this treatment to others were high, and adverse effects were uncommon and mild [ 66 ]. 
A Cochrane review found a modest improvement with saline in the treatment of CRS in their evaluation of 8 trials meeting 
evidence-based criteria [ 67 ]. 

 There are confl icting reports regarding mucociliary clearance and ciliary beat frequency after use of hypertonic saline 
versus isotonic saline [ 67 ]. More recent studies show improvement with hypertonic compared to isotonic saline. Ciliary beat 
frequency increased with hypertonic solution at 5 min but no differences were found at 60 min. The improvement was 
hypothesized to be the result of increased osmolarity increasing fl uid into the mucous layer [ 68 ]. Compared to isotonic 
saline, 2.3 % saline improved saccharine clearance time and nasal airway patency in postoperative septoplasty patients [ 69 ]. 
However, with increasing salinity, temporary nasal irritation has been reported. 

Instilling the medicine Head down forward position

Lateral supine position Supine position

  Fig. 20.3    Intranasal instillation of aqueous corticosteroid mixture. A 0.5 mg budesonide respule is mixed with 1 teaspoon of saline, and this mix-
ture is instilled in the right nostril. The nose is pinched closed and the head is rotated, fi rst in the head down forward, then right lateral supine 
position, and fi nally in the supine position each for up to 1–2 min, following which the residual nasal solution is expelled from the nose. The 
procedure is then repeated in the left nostril changing to the left lateral supine position. A controlled clinical trial of this treatment has not been 
performed, and the long-term safety of this procedure has not been established. The head-down-forward position can also be accomplished by 
kneeling and having the top of the head touch the fl oor       
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 As with all medical treatments, patients should be advised regarding side effects of this over-the-counter treatment. 
Adverse effects of using nasal saline are generally minor and include nasal irritation, burning, tearing, epistaxis, headache, 
and nasal drainage [ 66 ]. If one forcefully blows their nose afterward or instills the solution too rapidly, fl uid can enter the 
Eustachian tube with resultant ear pain. Recently, there has been concern for bacterial contamination so sterilization of the 
bottles or changing them is recommended [ 70 – 73 ].  

    Do Topical Sinus Irrigation and Nebulization Penetrate into the Sinuses? 

 Saline rinses are able to penetrate the sinus cavities but their effi cacy depends on which technique is used and their 
ability to enter the sinus ostia. Turbinate lateralization and obstruction of ostia from polyps and synechiae limit the 
ability of saline to enter the sinuses. Nasal irrigation can reach the anterior and posterior nasal cavity, ethmoid, and 
maxillary sinuses but are less able to penetrate the frontal and sphenoid sinuses. Also, large-particle nebulization was 
less effective in reaching the sinuses than nasal douching. Surgical enlargement of the ostia allows saline to better reach 
the sinuses [ 74 – 76 ]. 

 Positive-pressure sinus rinses were able to penetrate into the sinuses depending on the size of ostia. Blue dye in 200 ml of 
buffered saline from a squeeze bottle was endoscopically studied to detect ostial penetration in 17 subjects. A minimum 
ostial size of 3.95 mm allowed delivery of the irrigation solution in 95 % of cases. Surgically enlarged ostia were more likely 
to allow irrigant penetration. In patients with history of sinus surgery, ostia in 24 out of 28 were penetrated compared to 
nonsurgically operated sinuses with 8 out of 21 penetrated. Massive polyps, large synechiae, and severe turbinate lateraliza-
tion causing obstruction did not allow saline to enter the sinuses [ 75 ]. 

 In another study, sinus douching performed better in entering the sinus cavities than large-particle saline nebulization or 
sprays [ 76 ]. Patients had CRSsNP and were without gross deviated nasal septal deviations. They were over 40 years old and 
9 were status post-functional endoscopic sinus surgery (FESS) and 3 were control patients. Saline was administered in the 
(1) head down position (5 ml), (2) 4 puffs of metered spray (1.5 ml), and (3) 2 ml saline nebulized with a large-particle nebu-
lizer. Nuclear imaging was performed at 8 sites: nasal anterior cavity, posterior cavity, maxillary sinus, sphenoid sinus, 
frontal recess, frontal sinus, oropharynx-larynx-esophagus, and face. The anterior and posterior nasal cavity was well irri-
gated by all three techniques. Nasal saline rinses had signifi cantly better delivery to the maxillary sinus. Using nasal spray, 
none entered the maxillary sinuses. Only 3 out of 9 patients entered maxillary sinuses by nebulizer. The frontal recess was 
penetrated in 6 out of 9 with nasal douching, 1 with nebulizers, and none with spray. The frontal sinus was only penetrated 
by 2 out of 9 using nebulization and none with other methods. The sphenoid sinuses were not entered by any means. In the 
control patients with no history of FESS, the anterior and posterior cavities were well irrigated with all techniques. Nasal 
irrigation reached the maxillary sinus in 2 out of 3, frontal recess and sinus in 1 out of 3, and sphenoid sinus in 1 out of 3. 
Nasal spray and nebulizers did not reach the sinuses. In another investigation, positive- and negative-pressure irrigation per-
formed better for the ethmoid and maxillary sinuses than a nebulizer using 20–30 μm particles [ 74 ]. Frontal and sphenoid 
sinuses were poorly irrigated by all methods in this trial.  

    What Is the Role of Biofi lms in the Management of CRS? 

 Biofi lms have been discovered in 40–80 % of patients with chronic rhinosinusitis and appear to play a role in the disease 
process [ 77 ]. One possible mechanism involves ciliary and epithelial layer damage in biofi lm-positive individuals leading to 
mucociliary stasis and subsequent pathogenicity [ 78 ]. Treatment strategies against biofi lms include antibiotics to target the 
bacterial organism, dissociating bacteria from the biofi lm, or physically removing the biofi lm itself. Multiple antibiotics have 
been proposed including mupirocin, Manuka Honey, tobramycin, and moxifl oxacin although the majority of the studies 
utilize in vitro designs. In a pilot study   , 16 post-FESS patients with recalcitrant CRS and  Staphylococcus aureus  were treated 
with 0.05 % mupirocin nasal lavages for 3 weeks. The majority noted symptom improvement and 15/16 had improved endo-
scopic fi ndings and cultures reverted to negative. However, a larger retrospective trial found a high rate of microbiological 
failure several months after rinses were discontinued [ 79 ]. Further study is required. 

 Chemical surfactants have been suggested as a possible means to remove biofi lm. An open label study was conducted in 
18 patients with CRS using 1 % baby shampoo solution in normal saline [ 80 ]. This readily available and inexpensive formu-
lation was found to inhibit Pseudomonas biofi lm formation in vitro. However, baby shampoo had no effect on the eradication 
of preformed Pseudomonas biofi lms. An overall improvement in subjective symptoms was experienced in 46.6 % of patients, 
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and 60 % of patients noted improvement in symptoms of thickened mucus and postnasal drainage. Review of safety found 2 
patients discontinued use because of minor nasal and skin irritation. 

 Additional research has evaluated xylitol nasal irrigation in a 15 person randomized, double-blinded controlled crossover 
study. Subjects had a small but statistically signifi cant improvement in Sino-Nasal Outcome Test 20 (SNOT-20) scores with 
5 % xylitol compared to 0.9 % saline. The majority tolerated the treatment well. The authors propose that xylitol leads to an 
improvement in antibacterial properties of the airway surface liquid [ 81 ]. High concentrations of chloride are reduced allow-
ing innate antimicrobial agents of the airway surface to operate. Also, xylitol may actively damage biofi lms [ 82 ]. 

 With concern for  Staphylococcus aureus  colonization and enterotoxins causing an infl ammatory response in CRS, sodium 
hypochlorite nasal lavage solution has been studied for its antiseptic properties [ 83 ]. In 20 post-functional endoscopic surgi-
cal patients with persistent  Staphylococcus aureus  carriage, 0.05 % NaOCl plus 0.9 % saline twice a day for 3 months 
improved nasal symptoms, endoscopy scores, and nasal airway resistance. But there was no difference in nasal nitric oxide 
or reduction in S. aureus by middle meatus endoscopically guided cultures [ 84 ]. Since no placebo or control group was used 
and patients were also using mometasone 400 mcg/day, it is diffi cult to make defi nitive conclusions regarding effi cacy but 
the therapy was well tolerated and deserves further study.  

    Oral Antibiotics 

 The role of bacteria and treatment with antibiotics in CRS is controversial as bacterial colonization is found and not neces-
sarily pathological. The evidence for using short-term antibiotics in CRSsNP is scant and no placebo-controlled trials are 
available. Despite this lack of high-level data showing effi cacy, antibiotics are widely used by practitioners for treating CRS 
[ 85 ]. Acute exacerbations are treated with antibiotics similar to those for acute rhinosinusitis [ 86 ,  87 ]. Also, the choice 
should be based on local bacterial resistance patterns, cost, and side effects individualized to the patient. As discussed below, 
a multifaceted treatment approach that includes antibiotics may be helpful. 

 There may also be a role for long-term antibiotic treatment. In CRSsNP, long-term macrolides are recommended by EPOS 
2012 based on evidence for anti-infl ammatory action and symptom improvement. Macrolides can block interleukin-8 (IL-8), 
eosinophilic cationic protein, and tumor necrosis factor-alpha (TNF-α), mitigate neutrophil migration and adhesion, and 
reduce the synthesis and secretion of mucus [ 88 – 90 ]. Cervin et al. evaluated the effects of a macrolide on nasal lavage-fl uid 
markers of infl ammation in subjects with prior sinus surgery and persistent CRS symptoms [ 89 ]. In an open study design, 
clarithromycin 250 mg was given daily for 12 weeks. Treatment was associated with reduced levels of IL-8, a pro- 
infl ammatory neutrophilic cytokine, and eosinophilic cationic protein (ECP), granulocytic products of eosinophils. Exudative 
mucosal responsiveness to histamine, an important measure of airway infl ammation as measured by α2-macroglobulin, was 
reduced. Also histamine-induced mucinous secretion, measured by fucose which is found in goblet cells and airway glands, 
was signifi cantly reduced. These results indicate that clarithromycin induces an anti-infl ammatory effect in CRS. 

 Two 12-week placebo-controlled studies with approximately 60 subjects per trial are available to address the role of mac-
rolides in CRS. A course of roxithromycin 150 mg daily improved quality of life, as assessed by the SNOT-20 measure, nasal 
endoscopy scores, and mucociliary transit time in CRSsNP [ 91 ]. The mean symptom response score was signifi cantly 
improved at the end of treatment. At 3 months after treatment, the change in SNOT-20 was not clinically signifi cant as it was 
at the end of treatment. Subgroup analysis found those with lower IgE levels (<200 mcg/l) seemed to respond in particular. 

 Conversely, Videler et al. found no signifi cant improvement with azithromycin in patients with and without nasal polyps 
[ 92 ]. Adults were recruited from tertiary ENT clinics with severe CRS failing nasal saline irrigation, intranasal corticoste-
roids, oral antibiotics and, in 92 %, endoscopic sinus surgery. They were given 500 mg for 3 days in the fi rst week, then 
500 mg per week for the 12 week treatment period. Compared to placebo, there was no signifi cant difference in nasal endos-
copy, peak nasal inspiratory fl ow, sense of smell, and microbiology. 

 In a Cochrane review, out of 38 controlled clinical trials, only the Wallwork study met inclusion criteria for analysis. The 
Videler study was published later and not available for review. Using the sole included trial, they indicate the evidence for 
using antibiotics in CRSsNP is limited. It was not clear if the numerically signifi cant effects translated to a clinically signifi -
cant effect. As a result, the Cochrane review did not recommend the use of any antibiotics pending further data [ 93 ]. A larger 
randomized and controlled trial is indicated to better answer whether macrolides or other antibiotics may be indicated to 
treat CRS. The writers of the EPOS 2012 document do endorse macrolides in CRSsNP as a grade A recommendation and 
propose checking nasal swabs with culture every 3 months to survey for bacterial resistance [ 10 ]. They discuss safety and 
bacterial resistance concerns but rate long-term antibiotic therapy as relatively safe. Comparisons with using long-term 
doxycycline for acne, trimethoprim-sulfamethoxazole for patients with immune defi ciency, and macrolides in cystic fi brosis 
are cited.  
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    Topical Antibiotics 

 There are 3 placebo-controlled randomized trials evaluating topical antibiotics in CRSsNP that all had negative results. 
However, these trials are limited by small sample sizes, short treatment periods, and possible differences in nebulization 
particle size and type of antibiotics than are currently available. 

 Other topical antibiotic studies have been prospective observational studies only, not double-blind or placebo-controlled. 
The study population has included postoperative patients only. The treatments involved a nebulized antibiotic for 3–6 weeks. 
Scheinberg and Otsuji studied 41 patients with CRS with history of at least one functional endoscopic sinus surgery (FESS). 
Excellent to good improvement was reported in 82 % of cases in this non-randomized, non-controlled chart review [ 94 ]. 
Endoscopic improvement and an increase in infection-free interval after treatment were reported in another trial [ 95 ]. The 
antibiotic was chosen based on culture results and they reported a 76 % success rate with clearing the organism. Both studies 
reported a low rate of side effects that included sore throat, skin irritation, tinnitus in a patient on gentamicin, joint pain in a 
patient on levofl oxacin, and cough. 

 If a topical antibiotic solution is used, it should be based on antimicrobial culture and susceptibility reports. Theoretically, 
it is best that the sinuses should be surgically patent to allow penetration of the antibiotic rinse. The antibiotic can be admin-
istered as a rinse or with the use of a nebulizer [ 40 ]. If a sinus rinse system is used, the supine position should not be used 
with aminoglycosides. There is concern for ototoxicity if medicine reaches the sphenoethmoidal region in this position. The 
expected delivery of antibiotic to the various sinuses has been reviewed above. 

 Topical and oral antifungals in CRS are highly controversial and not supported by randomized controlled trials or by 
evidence-based guidelines [ 10 ]. Further discussion of antifungal therapy has been reviewed in the literature [ 96 – 98 ]. (  

    Medical Therapy, Multiple Treatments 

 Retrospective evidence is available in patients with CRS that were treated with multiple medical therapeutic interven-
tions. Lal performed a retrospective study fi nding medical therapy was successful in 51 % of 145 patients. Treatment 
included oral steroids and antibiotics, topical nasal steroids and intermittent nasal decongestants, and saline rinsing. 
Treatment lasted 4 weeks and response to therapy was measured at 2-month follow-up. “Failure” was defi ned as relapse 
or persistence of symptoms and was associated with facial pressure or pain, higher endoscopic scores, and severe mucosal 
infl ammation. Some of the “failures” had partial improvement and 69 % of the total group did not require surgical inter-
vention [ 99 ]. 

 A retrospective review of 40 patients with CRS with and without nasal polyps found 36 to have both symptomatic and 
radiographic improvement in chronic sinusitis. They were treated with 1 month of antibiotics, nasal saline irrigations, intra-
nasal steroids, and prednisone taper. The majority also did not relapse defi ned as requiring additional antibiotics or oral 
steroids over a 2-month time period [ 100 ].  

    Ancillary Treatments 

 No high-level evidence supports the use of decongestants or mucolytic treatment in CRS. Mucolytics were studied in a 
double-blind, placebo-controlled study in 23 HIV patients with rhinosinusitis given guaifenesin 2,400 mg per day. They 
reported signifi cantly less nasal congestion and thinner postnasal drainage [ 101 ]. Decongestants can decrease nasal resis-
tance but are limited by their side-effect profi le that includes increases in blood pressure, central nervous system stimulation, 
insomnia, urinary retention, and mydriasis [ 11 ]. Leukotriene antagonists are not supported by large, randomized controlled 
trials. There is limited evidence they may improve CRS with nasal polyps. Antihistamines may have a drying effect and play 
a role in allergic rhinitis patients with sinusitis. Allergy immunotherapy has not been well studied in CRS but may be con-
sidered if concurrent allergic rhinitis is present [ 11 ]. There is also evidence that patients with aspirin-exacerbated respiratory 
disease (AERD) and CRSwNP can benefi t from oral aspirin desensitization and/or leukotriene inhibitors [ 102 ]. However, 
these trials are limited by the lack of placebo-controlled evidence due to the diffi culty of blinding subjects and fi nding an 
adequate placebo.  
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    Medical Therapy Versus Surgical Therapy 

 The Cochrane group performed an analysis of the results of medical therapy versus surgical therapy. They were only able to 
identify 3 trials that met strict evidence-based medicine criteria. The meta-analysis did not fi nd any benefi t of surgical therapy 
over medical therapy with or without saline rinses [ 103 ]. The safety profi le for FESS was good and complications were mini-
mal. In one of the studies, medical therapy consisted of a 3-month course of the macrolide antibiotic erythromycin, nasal 
rinses, and topical corticosteroids    (Figs.  20.4 ) [ 104 ]. Rather than eliminate surgery as a benefi cial option, the Cochrane review 
highlights the limited amount of randomized controlled trials available in this fi eld of medicine. Additional high level of evi-
dence studies are needed. It also does promote an exhaustive trial of medical therapy prior to consideration of surgery.

       Management of CRS in the Pediatric Population 

 There is limited evidence for the medical management of CRS in children with few randomized, placebo-controlled studies 
[ 10 ]. Antibiotics have been used for treatment both for short- and long-term durations as with adults. Comparing antibiotics 
plus nasal decongestants, maxillary sinus drainage, both, or nasal saline drops as a placebo, there was no signifi cant differ-
ence between the 4 groups [ 105 ]. This non-randomized, non-blinded study included 3–10-year-old children with CRS lasting 
at least 3 months with purulent rhinitis on rhinoscopy and abnormalities on plain x-rays. Similarly, in another study, there 
was no difference in resolution rate at 6 weeks between cefaclor and placebo given for 1 week [ 106 ]. Both groups were also 
treated with sinus lavage. Limitations of these studies include not using longer-term durations of antibiotics and using plain 
x-rays for diagnosis. As with the above section on antibiotics, acute bacterial exacerbations, although diffi cult to defi ne, may 
be treated with similar antibiotics as with acute rhinosinusitis. However, risks and benefi ts should be weighed considering 
the lack of good evidence to support this therapy [ 10 ]. 

 Unfortunately, there is also a lack of data with intranasal corticosteroids. No randomized, controlled studies in children 
have been performed. Their use has been translated from benefi cial studies in allergic rhinitis that are found in children 
[ 107 ,  108 ]. 
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  Fig. 20.4    Twelve-week course of low-dose erythromycin, alkaline nasal douche, topical corticosteroids, and short courses of oral corticosteroids 
in this study was an effective, well-tolerated therapy for CRS. When compared to FESS, all groups tended to show a slightly better improvement 
by 12 months, but the differences between the 6- and 12-month VAS and individual symptom scores were statistically insignifi cant for all groups 
studied ( p  > .05) suggesting that the medical treatment regimen and surgical intervention had equivalent outcomes over 1 year. ( a ) Change in visual 
analogue scores (VAS) of the surgical group.  CRS  chronic rhinosinusitis. ( b ) Change in visual analogue scores (VAS) of the medical group.  CRS  
chronic rhinosinusitis (Reprinted from Ragab et al. [ 104 ]. With permission from John Wiley & Sons, Inc)       
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 Oral methylprednisolone has been studied in a pediatric, randomized, controlled study as add-on therapy to 30-day treat-
ment with amoxicillin/clavulanate. A 15-day tapering course of oral steroids was signifi cantly superior to placebo in improv-
ing CT scores, total rhinosinusitis symptoms, and individual symptoms including cough, nasal obstruction, and postnasal 
discharge [ 109 ]. Based on the study design, the role of antibiotics alone cannot be ascertained. 

 Nasal saline irrigations have demonstrated benefi t in both children and adults with CRS [ 67 ]. A Cochrane meta-analysis 
concluded saline lavage was benefi cial for improving symptoms in CRS. This review contained 3 studies from the pediatric 
population extending the positive results to children. However, some of these individuals had the diagnosis of allergic rhinitis 
rather than true CRS. Due to low sample sizes or lack of data, they could not make recommendations as to which specifi c 
solutions, dosage, or delivery method performed best. Wei et al. performed a prospective, randomized, double-blinded study 
in children with CRS using daily saline irrigation versus saline/gentamicin for 6 weeks. Both groups demonstrated improved 
quality of life and sinus CT scores with no differences between the groups [ 110 ]. 

 No specifi c information is available regarding other ancillary treatments such as antihistamines and leukotriene inhibitors 
on CRS in children. Clearly the research need in this population is great.  

    Conclusions 

 Multiple medical therapies are available for the treatment of CRS in adults and children. Among them are nasal and systemic 
corticosteroids, oral and topical antibiotics, nasal saline irrigation, and a combination of medical therapies. Nasal corticoste-
roids are recommended for all types of CRS by multiple rhinosinusitis guidelines and evidence-based meta-analyses. 
However, stronger evidence is available for nasal corticosteroid use in CRSwNP and additional larger studies for CRSsNP 
would solidify current guidelines. Delivering treatment directly to the sinus cavities is important and has implications in 
discovering the best treatment strategies for CRS. The role of antibiotics is controversial and continues to be defi ned. 
Particularly the use of macrolides in CRSsNP is promising. Nasal saline has also been shown to be benefi cial for all types of 
CRS. Additives such as surfactants may be benefi cial as well. Despite the research as highlighted in this chapter, gaps in 
knowledge base remain. The large amount of patients affected by CRS highlight the urgency for additional research funding. 
Additional high-level controlled studies with adequate sample sizes as well as experimental bench research are greatly 
needed.     
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    Chapter 21   
 Sinus Surgical Techniques from Caldwell-Luc to MIST 

                Peter     J.     Catalano      ,     Rahul     C.     Gupta      ,     Meir     Warman      , and     Rohan     C.     Wijewickrama     

           Introduction 

 Many nasal surgical procedures have been depicted in the ancient Egyptian and Hindu medical texts dating back to 700 BC. 
While paranasal sinus diseases have been known to humanity since ancient times, inferences of infection of the sinuses are 
in the literature of Hippocrates’ era (460–370 BC):

  In a person having a painful spot in the head, with intense headaches, pus or fl uid running from the nose removes the disease. [ 1 ] 

   Hippocrates also documented medical affl ictions related to nasal polyps and sinusitis. He described a “sponge method” 
for removal of nasal polyps which was later practiced and published by Voltolini in the 1800s [ 2 ]. 

 In 1651, Nathaniel Highmore provided the fi rst descriptions of involvement of the maxillary sinus with infections of den-
tal origin. He reported surgical decompression of maxillary sinus suppuration by introducing a silver bodkin through an 
empty tooth socket [ 3 ]. Many external and intranasal methods of surgical treatment of maxillary sinus infections were later 
described including:

    1.    Molar tooth extraction and irrigation—Cowper (1707) and Meibomius (1718)   
   2.    Canine fossa approach—Lamorier (1743) and Desault (1798)    

  Surgical procedures for drainage of frontal sinus infections also evolved over the past two centuries. These procedures 
were associated with high morbidity and mortality secondary to intracranial or orbital damage along with high re-stenosis 
and recurrence risks. These frontal sinus procedures include:

    1.    Anterior frontal sinus wall trephination—Ogston (1884) and Luc (1896)   
   2.    Anterior and inferior wall sinus collapse—Riedel (1898) and Killian (1903)   
   3.    Intranasal frontal sinus drainage—Halle (1907), Goode (1908), and Ingals (1909)   
   4.    Anterior frontal fl oor, intersinus septum, and superior nasal septum open resection following ethmoidectomy—Lothrop 

(1914)   
   5.    Osteoplastic fl ap procedures with or without obliteration—Montgomery (1950s)     

 During the following two centuries (preceding the discovery of antibiotics), surgical evacuation and drainage of infection 
was the mainstay of treatment for infections of the sinuses. Although understanding of the importance of the middle meatus 
was further advanced by the work of Emil Zuckerkandl in the nineteenth century, concurrent developments took place in 
surgical management of sinus disease in several areas of the world and help lay the foundation for signifi cant advancement 
over the following two centuries.  
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    Caldwell-Luc 

 In 1893 George Caldwell (United States) described his technique aimed at improving the treatment for infection of the max-
illary sinus. He wrote:

  Make a large temporary opening in the canine fossa, through which the antrum is thoroughly explored, all deleterious material removed, 
and the antrum thoroughly cleansed. A large counter opening is then made into the inferior meatus and the primary opening closed. [ 4 ] 

   Similar techniques were later published by Spicer (England) in 1894 and Luc (France) in 1897 [ 5 ,  6 ]. The Caldwell-Luc 
procedure subsequently gained signifi cant support throughout the world and remained the mainstay of surgical management 
for nearly a century as depicted by Macbeth:

  Under the heading of conservative measures would be antibiotic and antihistaminic treatment, nasal soaks, suction displacements, and 
repeated direct lavage. If after all this the symptoms are unimproved or continue to relapse, and if the x-ray fi lms continue to show mucosal 
thickening, the right thing to do is a Caldwell-Luc operation. [ 7 ] 

   Macbeth’s former quotation represents the mainstream thought process of the mid-twentieth century and provided genera-
tions of otolaryngologists with dogmatic management strategies for disease processes of the maxillary sinuses. Although 
previously published indications for the Caldwell-Luc procedure were quite extensive in the pre-endoscopic era [ 8 ], the 
indications for this open approach at the time of this writing are few. The procedure remains in the armamentarium of the 
rhinologic surgeon primarily for the need for endoscopic-assisted access or instrumentation beyond the scope of that afforded 
by endonasal exposure (i.e., antrum, orbit, pterygomaxillary space). However, this technique has no role in the management 
of chronic rhinosinusitis. 

    Current Indications 

     1.    Endoscopic-assisted access to antrum, orbit, pterygomaxillary space, lateral maxilla   
   2.    Debridement of maxillary osteomyelitis or osteoradionecrosis      

    Contraindications for Caldwell-Luc 

     1.    Malignancy of the maxillary sinus      

    Technique 

 The transbuccal radical antrostomy is performed by incising the mucosa at the gingivolabial fold below the canine fossa and 
elevating the soft tissue in a subperiosteal plane off the anterior face of the maxilla (Fig.  21.1 ). Bone overlying the antrum of 
the maxilla is then removed (using drill, rongeur, or osteotome/chisel) providing access to remove the necessary components 
of the sinus and/or maxilla (Figs.  21.2  and  21.3 ). Intranasal inferior antrostomy is performed to provide dependent drainage 
and access for irrigation (Figs.  21.4 ,  21.5 ,  21.6 , and  21.7 ).

             Outcomes of Caldwell-Luc Operation 

 Single-institution experiences with this technique have been published detailing multiple-associated morbidities of the 
Caldwell-Luc procedure. Several pioneers in sinonasal surgery including Cottle (1966) and Horowitz (1967) reported use of 
an osteoplastic fl ap in attempts to help reduce the comorbidities of the procedure [ 11 ,  12 ]. However, similar paresthesias 
resulted likely from placement of an inferior antrostomy in the maxilla. 

 The largest collection of single-institutional data on the Caldwell-Luc procedure was reported by Defreitas in 1988 which 
reported a sinusitis recurrence rate of 17 % and identifi ed the following postoperative comorbidities (in descending order): 
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  Fig. 21.1    Extent of periosteal elevation; bound by the 
infraorbital nerve superiorly and the lateral buttress (Reprinted 
from Kim and Duncavage [ 9 ]. With permission from Elsevier)       

  Fig. 21.2    Landmark for the trocar placement; intersection of 
the midpupillary line with a horizontal line drawn from the alar 
base (Reprinted from Kim and Duncavage [ 9 ]. With permission 
from Elsevier)       
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immediate postoperative facial edema, cheek discomfort, fever, and epistaxis [ 13 ]. Six-year average follow-up demonstrated 
the most common long-term sequelae as recurrent sinusitis (12 %), facial paresthesia (9 %), recurrent polyps (5 %), and 
dacryocystitis (2.6 %). Sensation of facial numbness/pain results from injuries to the intricate branches of the infraorbital 
nerve and/or anterior superior alveolar nerve (Fig.  21.8 ).

  Fig. 21.3    A 3-mm Kerrison rongeur is used to remove bone 
from the anterior maxilla (Reprinted from Kim and Duncavage 
[ 9 ]. With permission from Elsevier)       

Inferior
meatus

  Fig. 21.4    Location of antrostomy (drawing) (Reprinted from Moeller and Stankiewicz [ 10 ]. With permission from Elsevier)       
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       Modifi cations to Caldwell-Luc Operation 

 Several modifi cations to the Caldwell-Luc procedure were reported with the aim of reducing associated comorbidity. 
Published techniques have detailed methods of minimizing trauma to the anterior maxilla through “careful entrance” using 

  Fig. 21.5    Location of antrostomy (endoscopy) (Reprinted from Moeller and Stankiewicz [ 10 ]. With permission from Elsevier)       

  Fig. 21.6    Completed antrostomy Illustration (Reprinted from Moeller and Stankiewicz [ 10 ]. With permission from Elsevier)       
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a trocar and Kerrison rongeur for open transbuccal access to the maxillary antrum [ 14 ]. However, all conclusions reported in 
this study were based largely on opinion (EBM Level VI data) without controlled evidence. Reports of open access without 
inferior antrostomy have been suggested along with many studies attempting to identify the “ideal” size and location of 
inferior antrostomy [ 15 ]. An endoscopic Caldwell-Luc procedure was also reported by Masterson et al. claiming to further 
reduce morbidity [ 16 ]. Despite these modifi cations, advances during the past decade have demonstrated signifi cant improve-
ment in recurrence rates of patients with chronic rhinosinusitis using the endonasal endoscopic approach refuting the need 
for more radical open surgery of the maxillary sinus with rare exception. 

 The Caldwell-Luc procedure of more than a century ago served to provide some relief for patients based on the scientifi c 
knowledge, means of visualization, and sinus instrumentation of that time. During the 1990s rise of the endoscopic era, the 
Caldwell-Luc operation with mucosal exenteration was recommended as a salvage treatment for patients who had failed all 
other medical or surgical options to rid patients of “irreversible mucosal disease” [ 17 ]. However, long-term outcome studies 
of patients who underwent Caldwell-Luc operations demonstrated large numbers of patients requiring revision surgery. In 

  Fig. 21.7    Completed antrostomy (Reprinted from Moeller and Stankiewicz [ 10 ]. With permission from Elsevier)       

Sensory root
Motor root

Auriculotenvporal
nerve

  Fig. 21.8    Distribution of the second branch of the trigeminal 
nerve (V2) (Reprinted from the  Gray’s Anatomy  (On-line), 20th 
edition. With permission from Bartleby.com, Inc.)       
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contrast to the high recurrence rate of the Defreitas study, Albu reviewed 400 patients undergoing endoscopic sinus surgery 
and identifi ed only 6.8 % recurrence [ 18 ]. Further, JK Han et al. eloquently demonstrated that patients who failed the 
Caldwell-Luc operation did equally as well following endoscopic sinus surgery as with a repeat Caldwell-Luc [ 19 ].  

    The Evolution from Caldwell-Luc to the Endoscopic Era 

 The Caldwell-Luc procedure was extensively debated during the twentieth century and decreased in popularity with improved 
understanding of the functional signifi cance of the natural maxillary ostium. Further teachings of E.B. Kern and others 
helped foster concepts of mucosal preservation due to its key role as “the organ of the nose.” Many authors published their 
“indications” for Caldwell-Luc throughout the twentieth century, which were largely based on individual experience and 
single-institution cohorts [ 7 ,  8 ]. During the past two decades, however, indications for the Caldwell-Luc procedure have been 
dramatically reduced with advancements in less morbid endonasal endoscopic techniques. The Caldwell-Luc procedure 
remains signifi cant in understanding the history and development of rhinologic surgery, however has limited clinical applica-
tion in the present-day surgical management of sinonasal disease. 

 Despite popularization of the Caldwell-Luc technique as it became known throughout the early twentieth century, 
Messerklinger (Austria) continued to explore the observations of Zukerkandl using rigid endoscopic examination allowing 
identifi cation of the predestined course of mucociliary clearance of the maxillary sinus contents through the natural ostium. 
Stammberger communicated Messerklinger’s fi ndings to the English medical literature at the end of the twentieth century 
introducing “functional endoscopic sinus surgery” which was associated with a paradigm shift in the surgical management 
of disease of the sinuses to focus management to the middle meatus [ 20 ]. The principles of predetermined mucociliary fl ow 
to a respective “natural” ostium serve as the basis for the present-day concepts in management of diseases of the paranasal 
sinuses. 

 Hirschmann is stated to be the fi rst to attempt nasal endoscopy in 1901 using a modifi ed Nitze cystoscope [ 21 ]. Later, 
Maltz coined the term sinuscopy and described techniques of maxillary sinus endoscopy through inferior meatus and canine 
fossa routes [ 22 ]. The Hopkins optic telescope rod was a signifi cant development in the mid- twentieth century which 
brought in the modern era of sinus surgery [ 23 ]. More recently, there have been technological advances in endoscopic visu-
alization and instrumentation with comparable pace in development of better diagnostic imaging techniques beyond a simple 
X-ray. 

 Advancements in technology including angled endoscopes and handheld and powered instrumentation along with image- 
guidance navigation resulted in a transition to less invasive techniques including endonasal methods for orbital decompres-
sion, epistaxis management, and access to the pterygomaxillary space [ 24 ]. This further decreased the need for inpatient 
hospitalization following surgery, reduced associated morbidity, and opened the door for development of minimally invasive 
techniques for management of diseases of the paranasal sinuses and beyond.   

    Functional Endoscopic Sinus Surgery (FESS) 

    Concept of FESS: Two Important Principles 

 Anatomic obstruction of the lateral nasal wall within the narrow clefts of the ethmoid hinders the physiologic function of the 
maxillary and frontal sinuses, thereby predisposing patients to recurrent infections. Secondly, relief of anterior ethmoidal 
obstruction provides ventilation and drainage for the peripheral sinuses to heal without direct surgical intervention on the 
latter [ 17 ,  25 ]. These two principles have been well studied over the past three decades demonstrating improved clinical 
response [ 26 ,  27 ].  

    Indications 

 FESS was introduced as a surgical technique for treatment of refractory rhinosinusitis with or without polyposis which fails 
to improve with antibiotics, nasal steroid sprays, or nasal decongestants. The applications of endoscopic sinus surgery (ESS) 
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were later extended to cover a wide range of conditions listed below which are treatable via an endonasal approach as 
detailed in the following chapters.  

    Infl ammatory 

•     Chronic rhinosinusitis  
•   Recurrent acute rhinosinusitis  
•   Complications of rhinosinusitis  
•   Sinonasal polyposis  
•   Mucoceles  
•   Allergic fungal sinusitis and mycetoma invasive/non invasive  
•   Dacryocystitis     

    Noninfl ammatory/Others 

•     Septal deviation and hypertrophy of turbinates  
•   Choanal atresia  
•   Orbital blow out fractures  
•   Foreign body removal  
•   CSF leaks and anterior skull base meningoencephaloceles  
•   Tumors  
•   Pituitary surgery  
•   Extended application to skull base and orbit    

 In both chronic rhinosinusitis and recurrent acute sinusitis, FESS is considered to provide a functional conservative 
approach to relieve the obstructing anatomy and reverse the altered physiology of the paranasal sinuses. Bone and tissue 
removal should be dependent on the extent of the disease process and FESS provides a signifi cantly less morbid alternative 
to prior surgical procedures entailing an open approach.  

    Contraindications 

 There are no absolute contraindications for FESS. However, the decision for external, endoscopic, or combined approach lies 
on the surgeon’s preference based on training/experience and patient factors. Combining endoscopy with an external 
approach was appropriate during the “transition years” from open to endoscopic surgery by helping to minimize trauma by 
providing better visualization and reducing complications.  

    Preoperative Evaluation 

 Assessment of patients undergoing endoscopic sinus surgery include a complete history (including environmental allergies, 
occupation, prior nasal injury), physical examination (including anterior rhinoscopy, 0° and 30° nasal endoscopy), and com-
puted tomography (CT) imaging (Fig.  21.9 ). Additional assessments include allergy evaluation (i.e., intradermal skin testing, 
RAST), immunologic testing to identify subclass defi ciency, and possibly smell testing if clinically warranted.

       Diagnosis: History and Examination 

 A detailed clinical history with review of specifi c symptoms related to CRS is an important fi rst step toward the diagnosis of 
CRS. Review of prior history including medical therapy and surgeries is imperative to determine the need for surgery. 
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A history of other related conditions including aspirin sensitivity, asthma, allergic rhinitis, polyps, rhinitis medicamentosa, 
cystic fi brosis, and immunocompromised status is obtained. Patients with CRS present to multiple medical providers includ-
ing primary care, pulmonary medicine, and allergy/immunology. All such patients require a complete head and neck exami-
nation by an otolaryngologist including nasal endoscopy to support the appropriate confi rmatory imaging to diagnose/defi ne 
the extent of disease and demonstrate relevant anatomy. 

 In 1997, the Rhinosinusitis Task Force (RSTF) established defi nitions and guidelines for the diagnosis of rhinosinusitis 
[ 28 ]. Major and minor criteria were established to better defi ne the key symptoms of rhinosinusitis (Table  21.1 ). Chronic 
rhinosinusitis was defi ned as the presence of two or more major fi ndings or one major and two or more minor fi ndings lasting 
longer than 12 weeks.

   The European Position Paper on Rhinosinusitis and Nasal Polyps proposed the criteria for diagnosis of “chronic rhinosi-
nusitis” in adults as 12 or more weeks of persistent symptoms and signs with no complete resolution [ 29 ]. Rhinosinusitis 
(including nasal polyps) is defi ned as infl ammation of the nose and the sinuses characterized by two or more of the following 
symptoms:

•    Blockage/obstruction/congestion  
•   Discharge—anterior/posterior (discolored)  
•   Facial pain/pressure  
•   Reduction or loss of smell 
•  Plus either:  
•   Endoscopic signs of:

 –    Polyps  
 –   Mucopurulent discharge from middle meatus  
 –   Or edema/mucosal obstruction primarily in middle meatus    

 And/or:  
•   Computed tomography (CT) changes—mucosal changes within osteomeatal complex and/or sinuses     

History/physical

Endoscopy CT

Diagnosis

+/− Prior
topical/systemic

steroid/antibiotics

  Fig. 21.9    Preoperative evaluation       

   Table 21.1    RSTF diagnosis of rhinosinusitis   

 Major  Minor 

 Facial pain/pressure  Headache 
 Nasal obstruction/blockage  Fever (nonacute) 
 Facial congestion/fullness  Halitosis 
 Nasal discharge/purulence  Dental pain 
 Altered sense of smell  Cough 
 Purulence in nasal cavity 

on examination 
 Fatigue 

 Fever (acute rhinosinusitis)  Ear pain/pressure/fullness 
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    Medical Therapy 

 With the diverse pathophysiology and microbiology involved in CRS, medical treatment can involve multiple options 
including:

•    Allergen and/or irritant avoidance  
•   Sinonasal saline irrigations  
•   Antihistamines  
•   Corticosteroids—oral/topical  
•   Decongestants—oral/topical  
•   Antibiotics—oral/topical  
•   Antifungals—oral/topical  
•   Antileukotrienes—oral  
•   Immune therapy—intravenous/sublingual  
•   Other therapies     

    Macrolide Therapy 

 The role of antibiotics is questionable in the absence of purulence. However, macrolides have demonstrated immunomodula-
tory effects in refractory CRS distinct from their antimicrobial properties. Given in low doses for a minimum of 6 months, 
they have been found to downregulate the excessive immune and infl ammatory responses observed in refractory CRS patients 
while promoting mucociliary clearance and tissue repair and improving quality of life [ 30 ].  

    Intranasal Corticosteroids 

 Topical corticosteroids have a proven therapeutic effect on the symptoms of nasal polyposis and may reduce one of the 
underlying causes of polyps, namely, mucosal infl ammation. Most patients respond well to topical corticosteroid treatment 
of their nasal polyps and consequently can reduce the need for repeat surgery. The effi cacy of topical corticosteroids such as 
betamethasone sodium phosphate nose drops, beclomethasone dipropionate, fl uticasone propionate, and budesonide nasal 
sprays in reducing polyp size and rhinitis symptoms has been demonstrated in several randomized placebo-controlled trials. 
Beclomethasone dipropionate, fl unisolide and budesonide sprays have also been shown to delay the recurrence of polyps 
after surgery [ 31 ]. Incorporating intranasal steroids such as budesonide in the nasal irrigation solutions has demonstrated 
remarkable effi cacy postoperatively in patients with chronic sinusitis with minimal systemic absorption [ 32 ,  33 ].  

    Anesthesia for FESS 

 Functional endoscopic sinus surgery has been performed under both local and general anesthesia depending on the patient 
factors, procedure duration, experience of the surgeon/anesthesiologist, and extent of sinonasal disease. Excellent results can 
be achieved with both techniques. Communication during the procedure allows the patient to inform the surgeon of increased 
pain thereby reducing the risk of potential injury or complication. Although many of the early FESS cases were performed 
under local anesthesia (associated with reduced bleeding), anesthetic improvements have resulted in a transition away from 
local anesthesia for FESS [ 34 ,  35 ]. 

    Local Versus General Anesthesia 

 In the early days of FESS, an effective topical and regional anesthetic technique was described using 25 % cocaine paste 
combined with IV midazolam reporting excellent intraoperative visualization and minimal patient discomfort. Patients 
recovered rapidly from sedation and were usually fi t for discharge on the same day without major anesthetic complications. 
The major surgical complication rate was 0.5 % [ 36 ]. Strategies for optimal topical cocaine application to the nose with 
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infi ltration of anesthetics including lidocaine with vasoconstrictive agents (i.e., epinephrine) have been published, with some 
reports including the adjunctive use of an intravenous sedative. 

 Although complex endoscopic procedures have been performed under local anesthesia (including surgery of the frontal 
sinuses), reports of serious complications including blindness, carotid artery damage, and intracranial violation were pub-
lished resulting from intraoperative patient movement [ 37 ,  38 ]. The importance of patient comfort and surgeon experience 
during FESS cannot be overemphasized to ensure an optimal surgical result. The evolution of FESS since the late 1980s has 
seen advancement in complexity and extent of surgery which sometimes requires increased operative time and can be associ-
ated with unexpected bleeding. The latter can be more problematic under local anesthesia due to an unprotected and some-
what anesthetized airway. Given the inherent limitations of local anesthesia coupled with improved safety of general 
anesthesia techniques, general anesthesia is preferred by both patients and surgeons.  

    Total Intravenous Anesthesia (TIVA) Versus Inhaled Anesthesia 

 The role of an experienced anesthesiologist capable in maintaining low mean arterial blood pressure remains paramount in 
the goal of reducing intraoperative bleeding. Tirelli et al. studied the differences between inhaled anesthesia with isofl urane 
and fentanyl versus TIVA using propofol and remifentanil. Both techniques were equally effective in achieving hypotension 
(mean arterial pressure 60–70 mmHg), but only TIVA was effective in reducing bleeding during FESS [ 39 ]. Propofol 
decreases cerebral blood fl ow while simultaneously decreasing cerebral metabolic rate. This, in effect, reduces arterial blood 
fl ow to the autoregulated branches of the internal carotid artery which supply the ethmoid, frontal, and sphenoid sinuses. 

 Use of inhalational anesthetics including halothane, isofl urane, and sevofl urane in combination with nitrous oxide provide 
both anesthetic and analgesic effects. However, these agents require deeper levels of anesthesia not necessary for endonasal 
endoscopic procedures. Additionally, these agents can be associated with signifi cant perioperative side effects including 
cardiac dysrhythmia, laryngospasm, and malignant hyperthermia. 

 Multiple regimens have been reported to provide optimal intraoperative visualization by providing intraoperative hypo-
tension. TIVA does not affect the prearteriolar muscle tone or the precapillary sphincter thereby preventing the vasodilatory 
effects of inhaled agents [ 40 ]. The use of propofol and remifentanil further provides moderately controlled hypotension in 
most patients without the administration of additional antihypertensive agents required with traditional inhaled anesthetics 
[ 41 – 43 ]. 

 The need to achieve and maintain controlled hypotension resulted in a transition away from inhalational anesthetics, 
thereby providing surgeons with dramatic improvement in intraoperative visualization. To attain this optimal condition in the 
same-day surgery patient, techniques were developed for effi cient induction, controlled maintenance, and timely emergence 
with minimal postoperative ailments (i.e., nausea/vomiting). A comparison study of 1,460 patients who underwent endo-
scopic sinonasal surgery (1987–2001) found TIVA with oxygen-enriched air through a laryngeal mask airway (LMA- 
Fig.  21.10 ) to be the ideal anesthetic regimen [ 44 ].

   Compared to conventional use of endotracheal tube intubation (ETT), the LMA provides distinctive advantages including 
easier placement and reduced cardiovascular or respiratory response from the lack of direct laryngeal stimulation and is 

  Fig. 21.10    LMA. Delivery of mechanical ventilation       
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becoming a new standard of practice to provide better and faster patient recovery after FESS. This is most important in the 
asthmatic patient which accounts for a signifi cant percentage of all patients undergoing ESS. Atef and Farwaz demonstrated 
improved intraoperative conditions using fl exible LMA compared to ETT during functional endoscopic sinus surgery, 
refl ected by a shorter time to achieve controlled hypotension with propofol-remifentanil TIVA and lower infusion rate/total 
dose of remifentanil [ 45 ]. The improved operative fi eld was measured by both visual scale scores and decreased blood loss. 
Lower doses of TIVA with LMA allow precise titration of emergence upon completion of surgery and incidence of blood 
pressure elevation due to coughing after LMA device removal is signifi cantly decreased in comparison to tracheal extuba-
tion. LMA further reduces the risk of supraglottic pooling of fl uids intraoperatively thereby reducing obstructive complica-
tions during anesthetic emergence [ 46 ].  

    Patient Preparation and Positioning 

 Preparation and positioning of patients undergoing ESS is focused on the prevention of perioperative bleeding. This includes 
advising patients to refrain from medications containing aspirin, nonsteroidal anti-infl ammatory agents (i.e., ibuprofen), or 
supplements (i.e., fi sh oil, gingko, etc.) known to affect coagulation. Vasoconstrictive medications including oxymetazoline 
0.05 %, phenylephrine (0.25–1 %), epinephrine 1:1,000, and topical cocaine are administered via nasal spray, cotton carriers, 
or pledgets prior to surgery via a number of published regimens. 

 Lidocaine with epinephrine infi ltration of the anterior insertion of middle turbinate, sphenopalatine orifi ce, and the sphe-
noid face below the level of ostium provides additional vasoconstrictive and analgesic effect. Although systemic absorption 
of locally injected vasoconstrictive agents occurs, adrenaline-related side effects during FESS are rare with appropriate 
patient monitoring [ 47 ]. 

 Optimal patient positioning with 15° head of bed elevation and reverse Trendelenburg position (“beach chair position”) 
improves venous return to minimize intraoperative bleeding. In addition this positioning decreases the likelihood of inadver-
tent intracranial penetration. In addition to meticulous surgical skills with thorough understanding of each patient’s anatomic 
variations, these methods for reducing intra- and postoperative bleeding help to provide optimal intraoperative visualization 
for achieving a successful operation. 

 Steroids decrease capillary endothelial permeability which reduces mucosal edema. Dexamethasone is frequently admin-
istered as a single dose intraoperatively due to its anti-infl ammatory potency providing a 25 times greater effect than hydro-
cortisone with a long half-life of 36–72 h. In addition, a single postoperative long-acting steroid can be administered which 
further reduces mucosal infl ammation and tissue edema during the early phases of healing. Caution is required with steroid 
use in patients with diabetes and the pediatric population.   

    Surgery: Surgical Techniques and Instrumentation 

 The basic concepts of functional endoscopic sinus surgery were established when Messerklinger proposed the functional 
theory of sinus disease. Using endoscopy, provided insights to understand mucociliary clearance pathways within the sinuses 
and changes in the osteomeatal complex (OMC) with simultaneous CT evaluation of the ethmoid sinuses [ 25 ]. He delineated 
defi nite routes for the drainage of secretions toward the respective sinus ostia. This reinforced the importance of mucosal 
preservation and more targeted surgery focusing on the osteomeatal complex with emphasis on mucosal edema and obstruc-
tive anatomic variations. While the details of FESS and its potential complications (Table  21.2 ) are detailed in other chapters, 

   Table 21.2    Potential complications following ESS   

 Major  Minor 

 Intracranial injury or bleeding  Synechia/adhesions 
 Cerebrospinal fl uid leak  Ostial stenosis 
 Persistent diplopia  Minor hemorrhage 
 Blindness  Periorbital ecchymosis 
 Carotid artery injury  Orbital emphysema 
 Orbital hematoma  Transient diplopia 
 Severe hemorrhage  Tooth numbness and pain 
 Meningitis and brain abscess  Nasolacrimal duct injury 
 Pneumocephalus  Olfactory disturbances 

 Headache/facial/dental pain 
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the development of the procedure provided CRS patients and surgeons with an alternative to the morbidity of the Caldwell- 
Luc technique.

        Minimally Invasive Sinus Technique (MIST) 

    Preface 

 Since the advent of FESS, the success rate of treating patients with CRS has been substantially high with decreased morbid-
ity as compared to previous open approaches. However, a signifi cant drawback of FESS is the lack of standardization. There 
is no description of a stepwise procedure detailing anatomic progression or defi ned endpoints which has resulted in signifi -
cant variation in the aggressiveness and extent of surgery and often misleads and confuses both surgeons and patients alike. 
Moreover in certain endoscopic sinus procedures, functional outcome can be seriously debated when overly aggressive 
techniques (i.e., middle turbinectomy) are employed or a large maxillary antrostomy is created with or without the presence 
of a preserved uncinate process. 

 When questioning such “functional” results of sinus surgery, Messerklinger’s basic concepts of sinus physiology and the 
functional theories of Messerklinger that lead to the establishment of FESS as the initial surgical intervention for the medi-
cally refractory sinonasal diseases must be reviewed. Unfortunately, many surgeons consider a transnasal sinus procedure 
performed with an endoscope as “FESS” when in reality what is done to the nose is anything but functional! Thus, there is a 
signifi cant distinction between minimal access surgery and minimally invasive surgery, and it is unfortunate that many sur-
geons and patients are unaware of this difference.  

    MIST: Embodiment of the “Functional” Concept 

 One of the fi rst concepts of FESS, suggested by Messerklinger, is the transition space theory [ 25 ]. It was shown that the 
maxillary, frontal, and anterior ethmoid sinuses do not drain directly to the nasal cavity but drain into narrowed mucosal- 
lined corridors which subsequently empty into the nasal cavity [ 48 ]. Messerklinger referred to these channels as “pre- 
chambers” and Setliff later renamed them “transition spaces” to refl ect the fact that they were conduits of activity. Mucus 
fl ows through these transition spaces from the larger sinuses via their respective ostia via mucociliary transport. In disease 
states, mucosal swelling and contact between opposing mucosal surfaces may disrupt mucociliary clearance causing reten-
tion of secretions and consequent sinus infl ammation. These transition spaces are named the ethmoidal infundibulum, retro- 
aggar space or frontal recess area, and the hiatus semilunaris superioris (HSS). Obstruction in these bottleneck areas will 
result in infl ammation of the involved maxillary, frontal, or anterior ethmoid sinuses. The etiologies for mucosal infl amma-
tion triggering contact points may include viral, bacterial, and fungal infections, allergens, environmental irritants, primary 
or secondary ciliary dysfunction, and even anatomic abnormalities. 

 The theory that transition spaces are the key areas for the development of maxillary, frontal, and anterior ethmoid sinusitis 
is further supported by clinical symptoms, and the majority of mucosal disease seen on CT imaging is limited to the anterior 
sinuses. It is commonly thought that the posterior ethmoid and sphenoid sinuses do not drain into transition spaces but rather 
into the nasal cavity. MIST offers a standardized intranasal procedure to address the transition spaces via a stepwise anatomic 
dissection based on progression of surgery with a defi ned beginning and end. An anatomic landmark is associated with each 
transition space and identifi ed fi rst as the transition space is then approached. The primary goal is minimal mucosal disrup-
tion without unnecessary manipulation of the natural ostia of the sinuses.  

    Mucosal Disease in Chronic Rhinosinusitis 

 The infl ammatory mucosa of the paranasal sinuses is reversible. Previously, all diseased sinus mucosa was thought to be 
irreversible, and therefore the sinus needed to be stripped to bare bone. Studies later showed that FESS can improve muco-
ciliary clearance in CRS patients with impaired mucociliary function, thus proving the ability to reverse the sinonasal muco-
sal disease [ 49 – 51 ]. Moreover, mechanical damage to the fragile pseudostratifi ed respiratory epithelium causes loss of cilia 
and decreases mucociliary transport. Therefore, the ideal surgical intervention must avoid destruction of cilia and maintain 
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physiologic mucociliary clearance making the handheld “grasp and tear” instrumentation commonly used with FESS far 
from ideal for serving this purpose [ 52 ].  

    Powered Instrumentation 

 The introduction of powered instrumentation in endoscopic sinus surgery coupled with MIST led to a signifi cant break-
through in truly minimally invasive sinus surgery. The need to preserve healthy mucosa while removing diseased tissue led 
to a transition from the traditional hand instruments to powered precision tools preventing stripping of healthy mucosa. The 
introduction of continuous real-time suctioning ability improved operative visibility, decreased instrument exchange, and 
reduced mucosal trauma, operative time, and potentially operative morbidity. Setliff et al. showed that the powered microde-
brider was associated with accelerated healing and reduced synechia formation [ 53 ].  

    Maxillary Antrostomy 

 Based on the evidence that the maxillary, ethmoid, and frontal sinuses drain into narrow mucosal-lined clefts (transition 
spaces), the bottleneck areas serve as conduits that subsequently drain into the nasal cavity. Since these transition spaces 
serve as the predisposing factor for sinus obstruction without distinct pathology of the natural ostia, endoscopic surgery 
should avoid manipulation of the ostia prior to relieving obstruction of narrow transition space. A study by Albu et al. found 
no correlation between the size of the middle meatal antrostomy size and severity of postoperative maxillary sinus symptoms 
when comparing the results of patients who had 6 mm antrostomy (“small hole”) versus 16 mm (“large hole”) [ 54 ]. On the 
contrary, an association was found between small-sized antrostomies and better functional results than larger antrostomies. 

 The fi nding that neither persistent obstruction, facial pain, nor rhinorrhea correlated with small maxillary sinus ostia was 
further supported by other studies [ 55 ,  68 ]. Moreover, the observation that if the natural maxillary sinus ostium is left undis-
turbed in its oblique plane (as opposed to the parasagittal plane of a middle meatal antrostomy), the tilt away from the mid-
line protects it from obstruction secondary to middle turbinate lateralization or synechia formation [ 55 ]. Relative indications 
for a large maxillary antrostomy include biopsy of an antral mass, resection of maxillary sinus fungal ball, or inverted 
papilloma. 

 Targeted surgery of the transition space regions of the anterior ethmoid and maxillary sinus are the cornerstone to com-
plete recovery of the maxillary antrum and improved functional results in most chronic rhinosinusitis patients. Therefore, 
routine enlargement of the maxillary sinus ostium is avoided in MIST.  

    Nitric Oxide 

 During the last decade, signifi cant data has been published on the role and function of the nitric oxide molecule. Nitric oxide 
(NO) is a free radical gas implicated in several key physiologic mechanisms in the nose and paranasal sinuses including 
mucociliary clearance, neurotransmission, and antimicrobial properties. Nitric oxide is produced by an enzyme called nitric 
oxide synthase (NOS). One isoform, inducible nitric oxide synthase (iNOS), has an important role in acute and chronic sinus 
diseases. iNOS is expressed in epithelial cells in response to proinfl ammatory cytokines or bacterial components. This iso-
form generates large amounts of NO in high concentrations for an extended period of time [ 56 ]. In a rabbit model of chronic 
maxillary sinusitis, Schlosser found that there is an increase in the level of NO metabolites measured in the infected sinus 
[ 57 ]. Whether the decrease preceded and was therefore etiologic to the infection or the result of it is unknown. 

 In a study by Kirihene et al., the level of NO was measured in the maxillary sinuses of 29 patients after FESS. Fifty-two 
maxillary ostia were examined: 22 “large” antrostomies (average 57 mm 2 ) and 30 “small” natural maxillary ostia (average 
9 mm 2 ). In large antrostomies the level of NO was signifi cantly low both in the maxillary sinus itself and in the nasal cavity, 
as compared with “small” natural maxillary ostia. Minimal evidence is available to prove that patients with large maxillary 
antrostomies are more prone to recurrent infections due to lowered bactericidal effect of NO. However, NO is signifi cant for 
maintaining normal mucociliary transport further providing the sinuses with antibacterial properties [ 58 ]. Although not 
completely elucidated as of the time of this writing, increasing evidence is mounting regarding the role of NO in maintaining 
healthy mucociliary fl ow and preventing bacterial overgrowth in the paranasal sinuses. 
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 The importance of NO function within the normal maxillary sinus, combined with the fi nding of decreased levels of NO 
when large antrostomies are performed further, questions the necessity for routine maxillary antrostomy. The benefi t of per-
forming routine middle meatal antrostomy should be scrutinized and does not exceed the potential risks of increased middle 
meatal scarring, interruption of mucociliary clearance, and the potential for recirculation from failure to include the natural 
ostium.  

    Frontal Sinus Surgery 

 One of the routine steps in MIST is to remove the superior portion of the uncinate at its anterior articulation with the agger 
nasi cell. The full thickness of the upper uncinate is removed using powered instrumentation and a 30° endoscope. This is a 
crucial step in the minimally invasive approach to the frontal sinus. Upon removal of the most superior aspect of the uncinate, 
the mucous membranes of the fl oor of the agger nasi cell are opened. The agger nasi cell is the anatomic landmark by which 
the surgeon may approach its associated transition space—the frontal recess area (retro-aggar space). Adequate exposure of 
the dome of the agger nasi cell can be further employed by removing the anterior wall of the agger nasi cell in its connection 
with the root of the middle turbinate, using a Kerrison rongeur and a microdebrider. Powered instruments are then used to 
resect the posterior and medial edges of the agger nasi cell by applying the cutting side of the instrument in a superior and 
lateral direction. Medial manipulation toward the upper insertion of the middle turbinate increases the risk of cerebrospinal 
fl uid leak. Although frontal recess anatomy may vary between patients, the most common frontal sinus draining pathway is 
directed posterior and medial to the agger nasi cell [ 53 ]. This region is visualized by dissecting the posterior agger nasi wall 
forward to reveal the hidden frontal recess. If the frontal sinus is completely opacifi ed by CT imaging and the frontal recess 
is either completely obstructed or aberrant, the “minitrephine” procedure is indicated and effective.  

    Turbinate Resection 

 The turbinates (including their mucosa) serve a critical role in the nasal cavities to regulate temperature, sense airfl ow, and 
fi lter and humidify the inspired air. Despite published outcomes data [ 59 ] claiming no difference in quality of life following 
middle turbinate preservation versus resection, the routine resection of the middle turbinate produces compensatory glandu-
lar hypertrophy of the remaining nasal mucosa. Amputation at the root of the middle turbinate results in edema and stenosis 
of the frontal recess area. These sequelae can be overlooked on review of relatively short postoperative follow-up. 

 As stated by Setliff, “there is no rationale for implicating the nasal turbinates in the etiology of sinus disease…it appears 
that the turbinate proximity to the disease has resulted in a verdict of guilt by association with no clear evidence of culpabil-
ity.” He further posed the following question “…is [the] turbinate removed for the convenience of the surgeon or is there an 
undefi ned benefi t for the patient… might turbinate excision be viewed as a legitimate effort to compensate for the lack of 
precision in sinus surgery?” [ 48 ] Amputation of a turbinate with disregard to its important function is condemned as this is 
an irreversible step which results in detrimental sequelae for both patients and surgeons faced with revision surgery. An 
alternative to this need for greater space in the middle meatus is powered shaving of the lateral aspect of the middle turbinate 
or concha bullosa to both improve middle meatal airfl ow and provide access without irreversible risks or complications.  

    MIST Procedure 

 After anesthesia is administered, a 0° endoscope is used to examine the bilateral nasal cavities and determine whether sep-
toplasty may be required for access to the middle meatus. Three injections of lidocaine 1 % with epinephrine 1:100,000 are 
delivered to the attachment of the middle turbinate to the lateral wall (anterior to agger nasi), the head and body of the middle 
turbinate (Fig.  21.11 ). The middle meatus is approached with a Freer elevator gently medializing the middle turbinate. If the 
contralateral nasal cavity is to be operated as well, preinjections are avoided as to prevent bleeding from a rebound effect of 
the epinephrine.

   The fi rst anatomic landmark identifi ed is the uncinate process and its associated hiatus semilunaris inferioris. The hiatus 
semilunaris inferioris is the exit of the ethmoid infundibulum [ 60 ]. Using a pediatric backbiter in a retrograde approach, 
uncinotomy is initiated at the junction of the superior two-thirds and inferior one-third of the uncinate process at the level of 
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the natural maxillary ostium (Fig.  21.12 ) [ 61 ]. Resection of all three layers (mucosa, bone, and mucosa) of the uncinate 
process is imperative and begins from posterior to anterior and from medial edge of the uncinate to its lateral insertion. This 
provides safety for prevention of injury to both the nasolacrimal duct (the anterior border of the uncinotomy) and the lamina 
papyracea which can be easily injured with alternative use of a sickle knife for the uncinectomy. Powered instrumentation is 
then employed to complete the uncinectomy superiorly to the opening of the agger nasi cell and then inferiorly from the exit 
of the infundibulum to the natural maxillary ostium which is best viewed with a 30° or 45° endoscope (Figs.  21.13  and 
 21.14 ). Further manipulation of the maxillary sinus ostium is rarely indicated.

  Fig. 21.11    The head and body of the middle turbinate,  MC  medial corridor,  S  septum,  MT  middle turbinate           

  Fig. 21.12    A pediatric backbiter is initiated at the junction of 
the superior two-thirds and inferior one-third of the uncinate 
process at the level of the natural maxillary ostium,  S  septum, 
 MT  middle turbinate,  UP  uncinate process          
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     Uncinectomy of the superior insertion of the uncinate process reveals the agger nasi cell and its posteromedial border 
which is the second anatomic landmark. This directs the surgeon to the frontal recess (retro-aggar space area) the next transi-
tion space to be opened (Figs.  21.15  and  21.16 ).

    The next landmark identifi ed is the ethmoid bulla, and its associated transition space is the hiatus semilunaris superioris 
(HSS). The HSS is a space located between the lateral wall of the middle turbinate and the medial edge of the ethmoid bulla 
(Fig.  21.14 ). Powered instrumentation is used for anterior ethmoidectomy starting in the inferior and medial most portion of 
the ethmoid bulla. Dissection is carried out from medial to lateral to minimize risk to the lamina papyracea (Fig.  21.16 ). The 
basal lamella is the fourth landmark identifi ed and correlates with exposure of the retrobullar space. The standard MIST 
procedure is completed once the basal lamella is reached. The procedure can be extended to include the posterior ethmoid 
cells when clinically indicated. At the end of the procedure, a bio-absorbable sponge may be placed in the middle meatus to 
medialize the middle turbinate (Fig.  21.17 ). If disease exists in the medial corridor or extends beyond the basal lamella (i.e., 
posterior ethmoid or sphenoid sinuses), then surgery is extended to those areas as well. Typically, no nasal packing is placed, 
and the nasal cavity, nasopharynx, and hypopharynx are suctioned of blood/secretions prior to extubation.

  Fig. 21.13    Powered instrumentation to complete the 
uncinectomy superiorly to the opening of the agger nasi cell 
and inferiorly from the exit of the infundibulum to the natural 
maxillary ostium,  MT  middle turbinate,  EB  ethmoid bulla, 
 UP  uncinate process          

Hiatus
semilunaris
superioris

Maxillary
sinus
ostium

  Fig. 21.14    The hiatus semilunaris superioris is a space located 
between the lateral wall of the middle turbinate and the medial 
edge of the ethmoid bulla,  MT  middle turbinate,  EB  ethmiod 
bulla          
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       MIST Postoperatively 

 Patients receive oral antibiotics for 1 week after surgery and one dose of intramuscular steroid injection (methylpredniso-
lone, 20 mg) to decrease postoperative edema. The steroid dose is adjusted or eliminated in pediatric and diabetic patients. 
Pain is usually minimal and well controlled with acetaminophen. When severe pain is involved, one should consider post-
operative complications (i.e., septal hematoma/abscess or sinus infection). Nasal saline irrigations are initiated within 24 h 
after surgery and are continued twice daily for at least 4 weeks. Most patients return to work 48 h after surgery without 
signifi cant diet or activity restrictions. Patients are advised to refrain from vigorous nose blowing and avoid continuous posi-
tive airway pressure machine (CPAP), nonsteroidal anti-infl ammatory drugs (NSAIDS), fl ying, and water sports for 2 weeks. 
Middle meatal debridement is rarely necessary, and topical nasal medications for control of atopy are resumed 3 weeks 
postoperatively.  

Maxillary
ostium

  Fig. 21.15    Ethmoid bullae is removed,  MT  middle turbinate,  HSS  hiatus semilunaris superioris           

Agger
nasi

Lamina
papyracea

  Fig. 21.16    Uncinectomy of the superior insertion of the 
uncinate process reveals the agger nasi cell and the 
lamina papyracea,  MT  middle turbinate,  EB  ethmoid bulla       
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    MIST and Traditional FESS 

 The evolution of FESS has seen deviation from its presumed role in treating patients with CRS. The practice of contemporary 
“FESS” is not a targeted procedure but rather an overly aggressive technique including partial or total turbinate resection 
with large (size) middle meatal antrostomy. The functional principle of targeting transition spaces has been lost and stripping 
of sinonasal mucosa continues unnecessarily. The extent of surgery in any given FESS procedure can only be speculated as 
consistency and standardization are lacking. 

 The fi rst outcome study of MIST was published in 2003 which compared MIST and FESS using the Chronic Sinusitis 
Scale (CSS), a Harvard Medical School validated outcome tool [ 62 ]. It showed that MIST patients had equal or better results 
than FESS patients in CSS medication scores, CSS symptom scores, and CSS total scores when compared to matched con-
trols. The MIST group was followed up twice as long as the FESS group (23 months versus 12 months) and still demon-
strated improvement in measured outcome. The surgical revision rate for MIST patients was only 5.9 % in comparison to 
10 % in the FESS group. Furthermore these results were consistent across computed tomography severity grades of I to IV, 
demonstrating the effectiveness of MIST across the spectrum of chronic rhinosinusitis. Salama et al. evaluated 143 patients 
undergoing MIST using the Glasgow benefi t inventory and demonstrated signifi cant reductions in nasal symptoms scores 
and increased total quality of life scores at 1, 3, 12, and 36 months follow-up [ 62 ]. Kuehnemund and colleagues published 
additional evidence that the minimally invasive approach has comparable results to more aggressive endoscopic sinus proce-
dures in their randomized study of 65 patients who underwent “limited” (infundibulotomy, anterior ethmoidectomy, and 
maxillary antrostomy) versus “extended” endoscopic sinus surgery (spheno-ethmoidectomy, frontal recess dissection, and 
partial middle turbinate resection) [ 63 ]. Patients were matched for disease severity, symptoms, and saccharin transition time, 
and study outcome measures were equal in both study groups. 

 Another study performed in the geriatric population investigated the quality of life of 100 patients aged 65–93 years at 
least 6 months after MIST [ 64 ]. The objectives were to assess patient age with outcomes, surgical morbidity, and complica-
tions, including any exacerbation of a preexisting medical condition or onset of a new medical problem. The results showed 
that 84 % of the patients reported feeling signifi cantly better 6 months after the surgery, 10 % were somewhat better, and 6 % 
were unchanged. Interestingly, eight patients of the ten reporting “somewhat better” results and two of the six reporting “no 
change” had previously undergone aggressive FESS. This suggests that in some patients, aggressive sinus surgery may have 
an irreversible adverse effect on nasal and sinus function. Twelve patients in this study had medical complications occurring 
during the fi rst 72 h following surgery and included 12 with headaches, 6 with sinusitis, 4 with nausea and vomiting, and 1 
with ataxia and hyposmia (self-limited). These results support MIST as an effective surgical treatment for CRS even in the 
“frail” geriatric population. 

  Fig. 21.17    A bio-absorbable sponge in the middle meatus to 
medialize the middle turbinate,  S  septum,  GF  gelatin fi lm,  MT  
middle turbinate,  N  polyurethane sponge          
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 One theory for supporting aggressive endoscopic sinus surgery is osteitis of the ethmoid and maxillary bones. It has been 
proposed that the osteitic bone serves as a nidus for recurrent infection and persistent mucosal infl ammation despite  medical/
surgical treatment; thus, aggressive removal of all osteitic bone may theoretically decrease the risk of recurrence [ 65 ]. However, 
this theory has several fl aws. Osteitis is a histopathologic diagnosis made by single photon emission computed tomography 
(SPECT) bone scanning with technetium and cannot be identifi ed intraoperatively [ 66 ]. Secondly, the extent of osteitic bone 
removal at the time of surgery is unclear given the lack of an intraoperative tool which identifi es the existence of such pathol-
ogy. This theory is further fl awed given the potential for osteitis of the fovea ethmoidalis and the lamina papyracea which are 
routinely retained in such patients. Lastly, the incidence of osteitic changes in the ethmoid bone in the normal population has 
not been demonstrated; therefore, the clinical relevance of such histopathologic fi ndings must be further delineated. 

 Arguments against MIST include inability to apply topical medical therapies to the maxillary sinus or effectively manage 
thick eosinophilic mucin. In patients with fungal sinusitis, small (<10 mm) antrostomies are made for this reason, and access 
for administration of topical medical therapies is not compromised in clinical practice. Although a minority of patients 
(5.9 %) undergoing MIST require revision surgery, by no means does it justify an aggressive and irreversible surgery as a 
primary intervention on the majority of CRS patients [ 67 ].  

    MIST and Combined Techniques: Balloon Catheter Sinusotomy 

 A decade after the fi rst paper about MIST was published, balloon catheter sinusotomy was presented as a surgical option to 
treat patients with CRS. The transnasal system of balloon catheter sinusotomy, fi rst introduced by Acclarent, Inc. (Menlo 
Park, CA, USA), consisted of three components: a sinus guide catheter, guide wire, and a balloon catheter. The guide catheter 
is the vehicle through which the guide wire is fi rst passed into the appropriate sinus and thereafter the balloon is passed over 
the guide wire and into the sinus where the balloon is infl ated with saline to a pressure of 10 atm to dilate the sinus ostium 
and its related drainage pathways. The advent of the balloon catheter sinusotomy technique was a welcomed option for both 
patients and surgeons. 

 The mechanism of balloon catheter sinusotomy entails preservation of sinus and nasal mucosa by repositioning diseased 
mucosa instead of resecting this tissue. The “dilation” expression may be misleading as balloon sinusotomy does not result 
in anything close to a middle meatus antrostomy and is much more consistent with “small hole” maxillary sinusotomy and 
with proven success. The 5-mm diameter balloon is most commonly used since its diameter correlates well with the average 
diameter of the natural birth maxillary ostium. The length of the balloon varies between 16 and 20 mm. When the balloon is 
placed either in the frontal sinus or maxillary sinus, its whole length is used to treat the associated transition space. 

 Limitations of balloon catheter sinusotomy include its inability to resect polypoid mucosa and concha bullosa or treat the 
anterior ethmoidal transition space. In MIST, targeted surgery is available for all transition spaces and anterior ethmoidec-
tomy is routinely performed. MIST promotes a standard sinus surgery with consistent clearing of all transition spaces; how-
ever, balloon techniques provide a useful adjunct for implementation within MIST. 

 Balloon catheter sinusotomy has become an integral tool used within the realm of FESS and MIST. This tool has been 
found to be safe and effective and provides excellent long-term results [ 68 ,  69 ]. Out of the 109 patients who completed the 
study, SNOT-20 scores showed a signifi cant and durable improvement over baseline both in the balloon-only and the FESS- 
balloon (hybrid) patients at 24-month follow-up [ 70 ].   

    Conclusions 

 The transition from Caldwell-Luc to FESS and MIST has transpired over the past three decades and continues to evolve into 
an even less invasive and more targeted procedure than originally proposed. One must, however, question the true need for 
an aggressive procedure for all patients when excellent long-term results are achieved by less invasive and less morbid tech-
niques which are targeted while still allowing for more aggressive surgery for the minority of patients who require such a 
procedure. While many training programs throughout the world teach conventional FESS and now embrace balloon technol-
ogy, the principles of MIST appear to be returning full circle from its initial conception. Balloon dilation technologies and 
other minimally invasive surgical options will continue to move us in this direction in the years to come.

  We shall not cease from exploration and the end of all our exploring will be to arrive where we started and know the place for the fi rst time 
T.S. Eliot. 
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    Chapter 22   
 Surgical Management of Rhinosinusitis in Children and Adolescents 

             Jessica     R.     Levi       and     Richard     Schmidt     

           Introduction 

    The magnitude of pediatric rhinosinusitis cannot be overstated. Acute bacterial rhinosinusitis is the fi fth most common 
 disorder in children for which antibiotics are prescribed in an outpatient setting [ 1 ]. The health-care expenditure in the 
United States in 1996 for rhinosinusitis in the pediatric population was estimated to be $1.8 billion [ 2 ]. This does not include 
the economic impact of parental time missed from work while caring for an ill child. Chronic pediatric rhinosinusitis (CRS), 
defi ned as 12 weeks or more of signs and symptoms of infl ammation of the sinuses, has a large impact on the quality of life. 
Cunningham et al. [ 3 ] looked at 21 children with CRS who had completed the Child Health Questionnaire along with their 
parents and found that children with CRS were perceived to have more bodily pain and more limitations in physical activities 
than children with asthma, juvenile rheumatoid arthritis, or other chronic disorders. 

 Most pediatric otolaryngologists agree that the fi rst-line treatment for pediatric chronic rhinosinusitis is oral antibiotic 
therapy [ 4 ]. The presence of other conditions that are best managed medically, such as allergic rhinitis, immune defi ciency, 
or gastroesophageal refl ux disease, must also be investigated and optimally treated as appropriate. However, some cases are 
refractory to medical therapy and surgery must be considered. 

 There is much controversy regarding surgical management of chronic sinusitis in children. Some believe that children will 
“outgrow” these symptoms over time, making surgery unnecessary. Also, there is often diffi culty in differentiating chronic 
sinusitis from allergic rhinitis or adenoiditis in a child. In addition, there has been concern that certain procedures used to 
treat CRS may disrupt facial growth in children. 

 Part of the controversy may be because otolaryngologists often try to apply a procedure designed for adults, functional 
endoscopic sinus surgery (FESS), to manage pediatric CRS even though this disease is most likely a different entity than 
adult CRS. In adults, CRS is a complex disease often associated with anatomical variations impairing proper sinus drainage 
leading to microbial colonization. The anatomical variations such as agger nasi cells, septal deviation, Haller cells, concha 
bullosa, paradoxical middle turbinate, and Onodi cells, known to contribute to CRS in adults, do not appear to be related to 
the extent of disease in children [ 5 ]. Likewise, the mucosal changes in pediatric CRS appear to be different. The infl amma-
tory response in pediatric patients is primarily cellular infi ltration of the lamina propria with chronic infl ammatory cells. 
These are mostly lymphocytes, plasma cells, and macrophages with relatively few eosinophils. In contrast the adult sinus 
mucosa is often characterized by polypoid mucosa with an edematous lamina propria infi ltrated with relatively fewer chronic 
infl ammatory cells, but a higher concentration of eosinophils. Patches of complete epithelial shedding are observed in adults, 
whereas the epithelial layer is generally intact in children [ 6 ]. 

 If we agree that medical therapy has failed, the next question is: “What is the appropriate surgical therapy for this child?” 
Unfortunately, the answer is not always clear. Looking into the effectiveness of FESS compared to medical therapy, Lieu 
and colleagues [ 7 ] conducted a survey of 208 patients 2 years after they were initially seen in an ENT clinic for CRS. 
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Regardless of treatment (maximal medical management vs. maximal medical management and FESS) and regardless of CT 
fi ndings of sinusitis, patients tended to improve to a “good” outcome 2 years later. They concluded that this is a chronic 
disease with few “cures,” and parental expectations should be managed accordingly. Similarly, Rudnick and Mitchell [ 8 ] 
looked at children diagnosed with CRS undergoing either adenoidectomy or FESS and found no difference in quality of life 
scores on the SN-5 quality-of-life survey in the two groups. Both procedures increased the quality of life scores post-op 
(both within 6 months of surgery and between 6 months and 2 years of surgery) from preoperative scores. Conversely, 
Ramadan [ 9 ] noted symptom resolution in 77 % of children who had FESS, compared to 47 % of children who had 
 adenoidectomy for CRS. 

 In this chapter, we will discuss the role of surgery in chronic sinusitis with particular attention to adenoidectomy and dif-
ferent components of FESS. We will also introduce a few select patient populations that may warrant special consideration. 
Finally, we will provide specifi c recommendations for the surgical treatment of chronic sinusitis in the pediatric 
population.  

    Adenoidectomy 

 There has been much research looking at the association between sinusitis and adenoid disease; however, the connection 
between the two remains uncertain. There are two frequently proposed theories as to how the adenoids contribute to pediatric 
sinusitis. The fi rst is that the adenoids cause physical obstruction of the posterior nasal cavity leading to stasis of secretions 
and therefore creating an environment conducive to bacterial growth (adenoid hypertrophy theory). The second is that the 
adenoids serve as a reservoir for bacteria that can then secondarily infect the sinuses (bacterial reservoir theory). 

 The adenoid hypertrophy theory, probably the less widely held of the two, has some support nonetheless. Merck [ 10 ] 
noted a positive correlation between the adenoid pad size and incidence of maxillary sinus opacifi cation on plain fi lms. 
However, other studies have failed to confi rm this correlation. In a review of over 400 patients, Shinn et al. [ 11 ] found no 
association between adenoid size and sinusitis symptoms. Likewise, Tuncer et al. [ 12 ] found no relationship between ade-
noid size and maxillary sinus culture positivity in a study of 30 patients. 

 There is more support for the bacterial reservoir theory. A study by Lee and Rosenfeld [ 13 ] found a signifi cant correlation 
between bacterial load in the adenoids and sinonasal symptom scores in 84 children undergoing adenoidectomy for various 
reasons. Shin et al. [ 11 ] looked at 410 children undergoing adenoidectomy for obstructive symptoms and found that there 
was an association between increasing sinusitis grades and increased bacterial yield from the adenoid. Other authors have 
noted that cultures taken from the adenoid as well as the lateral wall of the nose yielded identical bacterial strains 89 % of 
the time [ 14 ]. 

 More recently the identifi cation of adenoid biofi lms has added weight to the bacterial reservoir theory. Zuliani and col-
leagues [ 15 ] examined the role of biofi lms in pediatric patients in 2006. In a study of 16 patients undergoing adenoidectomy 
either for OSA or CRS, they found that adenoids removed in patients with CRS had nearly 95 % of their mucosal surface 
covered with biofi lms. This contrasted sharply with the OSA group where only 2 % of the adenoid surface was covered by 
biofi lms. It is likely that biofi lms of the adenoid create a repository of bacteria for the development of CRS. Coticchia et al. 
[ 16 ] postulated that these adenoid biofi lms, composed of known rhinosinusitis pathogens ( Moraxella catarrhalis, 
Haemophilus infl uenzae, Streptococcus pneumoniae , or  Staphylococcus aureus ), might periodically shed biologically active 
pathogenic bacteria. If there was infl ammation of the osteomeatal complex and altered ciliary function, pathogens could gain 
entry into the maxillary sinus. A new biofi lm could then be established within the sinus. Thus, adenoidectomy is most likely 
effective by removing this nidus for infection. 

 Even if the physiologic rationale for the benefi cial outcome of adenoidectomy in childhood CRS is not entirely under-
stood, experts believe it to be effective. A 2005 survey of members of the American Society of Pediatric Otolaryngology 
(ASPO) found that 96 % use adenoidectomy at least sometimes in the management of chronic sinusitis [ 4 ]. Evidence of the 
effi cacy of adenoidectomy has been known for some time. In a study by Takahashi et al. [ 17 ], 78 patients with otitis media 
and sinusitis underwent either adenoidectomy or no surgical intervention. In the adenoidectomy group, 56 % had improve-
ment in their sinus symptoms 6 months later while only 24 % in the non-adenoidectomy group had improvement. In a study 
of 43 patients undergoing adenoidectomy for CRS, Vandenberg and Heatley [ 18 ] found 58 % had near or complete resolution 
of CRS symptoms following adenoidectomy. Twenty-one percent had some improvement while only three patients went on 
to require FESS. Ramadan [ 9 ] found 47 % of children undergoing adenoidectomy had symptom resolution. Rosenfeld [ 19 ] 
found 75 % of children receiving antibiotics and undergoing adenoidectomy had resolution of their symptoms. Ungkanont 
and Damrongsak [ 20 ] noted a decrease in the number of discreet episodes of sinusitis after adenoidectomy. Children under-
going adenoidectomy for sinusitis had an average of 13.7 episodes of sinusitis per year before surgery and 0.76 episodes after 
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surgery. A recent meta-analysis by Brietzke and Brigger [ 21 ] is perhaps most enlightening. They looked at nine articles and 
found that the overall effectiveness of adenoidectomy ranged from 50 to 100 % at 3- to 9-month follow-up. This led to a 
summary estimate of 69.7 % effi cacy for adenoidectomy.  

    Antral Lavage 

 Lavage of the maxillary sinus is used to obtain a culture and to remove trapped, potentially infected secretions from the sinus. 
However, its principal limitation is that it only addresses one sinus (the maxillary). Furthermore, it generally requires anes-
thesia in a child and is rarely curative as a stand-alone procedure for CRS. When used, it is therefore often performed in 
combination with adenoidectomy. It is generally performed through the natural ostium, but can also be performed via the 
inferior meatus or the canine fossa. 

 Buchman and colleagues [ 22 ] looked at 27 children with CRS unresolved after 1 month of oral antibiotics who then 
underwent maxillary sinus irrigation (with or without adenoidectomy at the discretion of the surgeon), followed by IV anti-
biotics. Eighty-nine percent of the patients had resolution of their symptoms, although 60 % had recurrence of their symp-
toms on follow-up (average 282 days). All of these episodes were responsive to oral antibiotics. In a retrospective review of 
23 pediatric patients treated with a protocol consisting of adenoidectomy and antral lavage followed by long-term oral anti-
biotics, Criddle et al. [ 23 ] noted that 96 % of his patients obtained clinical resolution of their symptoms, with 78 % remaining 
asymptomatic long term. A signifi cant number of those who did not were subsequently discovered to have an immune defi -
ciency. As encouraging as these numbers are, it is diffi cult to fully assess the relative role the irrigations played in these 
patients’ improvement. 

 Antral window (inferior meatal window), performed frequently in the past, is currently an uncommon surgical interven-
tion as it does not account for the natural movement of the cilia and clearance of secretions from the maxillary sinus. 
Moreover, long-term patency is a problem. Lund [ 24 ] found 45 % of the windows closed on subsequent evaluation. Windows 
had to be larger than 1 cm to remain patent. Patency was even less likely in children. At this time it is generally reserved for 
children with ciliary dysfunction.  

    Endoscopic Sinus Surgery 

 The use of FESS to treat pediatric CRS is relatively new. The advent of adult sinus surgery likely began in 1901 with 
Hirschmann using a modifi ed cystoscope [ 25 ]. In 1985, Kennedy brought the procedure to the United States. One of the 
earliest reports in children was by Gross et al. [ 26 ] in 1989 that looked at 57 children undergoing FESS and found no major 
complications. In a study published in 1990, Lusk and Muntz [ 27 ] established the safety of endoscopic ethmoidectomy in 31 
children who were medical failures. The only complication reported was scarring in two patients. 

 Nonetheless, pediatric FESS has historically been approached with a great deal of caution. Major complications of FESS, 
known to occur in adults, including orbital hematoma, blindness, epiphora, CSF leak, and meningitis are infrequent, but may 
occur in pediatric patients as well. In addition concerns have been raised about the unintended effects that even successful 
surgery may have on a child. Specifi cally, there were concerns about the potential effect that the procedure may have on the 
long-term facial growth of children. These concerns were based on animal studies that demonstrated altered facial growth 
after nasal or sinus surgery in a variety of juvenile animals [ 28 ]. 

 However, longitudinal analysis of children undergoing FESS has failed to support these concerns. Bothwell et al. [ 29 ] 
compared a group of children who had sinus surgery (46 patients) to a group treated medically (21 patients) at a mean age of 
3.1 years. Anthropometric measurements were taken 10 years after treatment. She found no difference between the two 
groups. Similarly, a volumetric analysis of CT scans obtained an average of 7 years after unilateral FESS in a group of chil-
dren revealed no difference in facial volume between the operated and non-operated sides [ 25 ]. 

 Some issues remain unresolved, however. Is there an age below which sinus surgery might impede facial growth? Are 
specifi c surgical procedures (septoplasty, ethmoidectomy, maxillary antrostomy, etc.) more likely to impede growth than 
others? Continued investigation is needed to answer these questions. 

 In the opinion of many, FESS has a role in the management of pediatric CRS. However, it is important to note that the 
Brussels consensus panel in 1996 (Table  22.1 ) listed pediatric CRS as a relative indication for FESS [ 30 ]. The absolute indi-
cations included complete nasal obstruction in patients with CF due to polyposis, antrochoanal polyp, intracranial complica-
tions of CRS, mucocele, orbital abscess, need for optic decompression, dacryocystitis resistant to antibiotics and, from the 
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sinuses, invasive fungal sinusitis, some neoplasms, and some meningoencephaloceles. CRS despite optimal medical man-
agement and after exclusion of systemic diseases was listed as a relative indication. Optimal medical management was 
defi ned as 2–6 weeks of adequate broad-spectrum antibiotics (either IV or oral) and treatment of any concurrent diseases. 
The panel further stated that children appropriate for surgery only account for a small percentage of all children with CRS.

   When considering FESS to treat pediatric CRS, it is important to consider which sinuses need to be addressed. In their 
study of 113 children with CRS evaluated by CT scan, Kim and colleagues [ 5 ] noted that the maxillary sinus was the most 
commonly affected. Lusk [ 31 ] on the other hand states that the anterior ethmoid is affected more frequently than the maxil-
lary sinus. Most likely it is the osteomeatal complex (OMC) that is the principal location of concern as this region serves as 
the outfl ow tract for both the anterior ethmoid and maxillary sinuses (Fig.  22.1 ). A variety of conditions in children may 
cause mucosal congestion and, secondarily, obstruction of this narrow region. FESS is effective because it enlarges this 

  Table 22.1    Indications for endoscopic 
sinus surgery in children  

  Absolute indications  
 Complete nasal obstruction in patients with CF due to polyposis 
 Antrochoanal polyp 
 Intracranial complications of CRS 
 Mucocele 
 Orbital abscess 
 Need for optic decompression 
 Dacryocystitis resistant to antibiotics and from the sinuses 
 Invasive fungal sinusitis 
 Some neoplasms 
 Some meningoencephaloceles 
  Possible indications  
 Chronic rhinosinusitis that persists despite optimal medical therapy 

  Fig. 22.1    Coronal CT scan demonstrating the osteomeatal 
complex (OMC), patent on the right ( white arrow ) and 
occluded by polypoid disease on the left ( blue arrow )       
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outfl ow tract. The OMC is the site most pediatric otolaryngologists address during FESS. A survey of ASPO members in 
2005 found that 66 % performed a middle meatal antrostomy with an anterior ethmoidectomy when they performed FESS, 
whereas only 12 % performed a middle meatal antrostomy with total ethmoidectomy and 8 % performed middle meatal 
antrostomy alone [ 4 ]. We recommend that the extent of surgery be directed by the preoperative CT scan. A middle meatal 
antrostomy and anterior ethmoidectomy should be considered on all children undergoing FESS for CRS.

   The literature overwhelmingly supports the effi cacy of FESS in the pediatric population. In a prospective study of 202 
children, the overall effectiveness of FESS, as measured by parental questionnaires at 12 months after therapy, was 75 % 
[ 32 ]. Chang et al. [ 33 ] found that 86 % of parents were satisfi ed with the improvement in their child’s symptoms following 
limited FESS at 6 months. Siedek et al. [ 34 ] looked at 115 patients retrospectively who had undergone FESS and found that 
the overall effectiveness in relief of symptoms was 76 % and improvement in quality of life was 71 %. Using a meta-analysis 
of eight articles, Herbert and Bent [ 35 ] concluded that FESS for CRS was effective 88.4 % of the time when medical man-
agement had failed (among 882 patients). These results have led some proponents of FESS to argue that the effectiveness of 
FESS over adenoidectomy for CRS outweighs the risk of this more extensive procedure, even as the fi rst line of surgical 
therapy [ 9 ,  32 ]. 

 However, FESS should not be considered a panacea in the management of pediatric CRS. In 2009, Lee et al. [ 36 ] retro-
spectively examined 53 children who had undergone FESS and found that 21 (39.6 %) had continued mucopurulent dis-
charge for more than 3 months after surgery. Among risk factors for a protracted course were nasal polyposis, history of 
allergic rhinitis, and male gender. The histological evidence supports such protracted symptoms. In general, mucosa may 
take 2 months to return to normal, and polypoid antral mucosa may take twice as long [ 37 ]. 

 Ramadan [ 32 ] noted that, although his overall revision rate was 12 %, children who had FESS prior to 3 years of age 
required revision 75 % of the time, usually for osteomeatal scarring. Additionally, he reported that children with allergic 
rhinitis who had not received allergy treatment before surgery did signifi cantly worse after surgery when compared to those 
who had [ 38 ]. In general, adhesions, cicatricial scarring of the maxillary sinus ostia, and recurrent mucosal disease in previ-
ously operated sinuses appear to be the most common causes of revision surgery [ 39 ]. Similarly, others have noted that 
children who smoked and had cystic fi brosis, asthma, or allergies had signifi cantly less symptom reduction following FESS 
than those who were otherwise healthy and nonsmokers [ 34 ]. 

 We advocate a stepwise approach from medical therapy, to adenoidectomy, to FESS when treating CRS in most children. 
Regardless of the therapy used (antibiotics, adenoidectomy, or FESS), Rosenfeld [ 19 ] found complete symptom resolution 
scores of 27 % in all three groups. However, when only “major symptoms” of sinusitis were considered, FESS improved 
100 % of those symptoms, adenoidectomy improved 75 %, and additional antibiotics improved 67 %. Children who pro-
gressed to FESS more often had comorbidities including asthma and allergic rhinitis, a longer duration of sinusitis symp-
toms, and a greater number of sinusitis episodes. 

 In the past, many advocated a “second-look” procedure in children undergoing FESS for CRS, usually 2–4 weeks later. 
This recommendation was based largely on the presumed benefi t of postoperative endoscopic debridement performed in 
adults after FESS. The rationale for these procedures was that they would speed healing time, lessen the risk of scarring 
and reduce the need for revision surgery. Of course, endoscopic debridement is performed in the offi ce under topical 
anesthesia in adults – a process that children are unlikely to tolerate! However, studies have shown that a second-look 
procedure is usually unnecessary and does not decrease rates for revision surgery [ 40 ]. Walner et al. [ 41 ] found that the 
incidence of revision surgery was the same whether or not a second look was performed. The use of mucosal sparing 
techniques and absorbable packing or stenting materials has decreased scarring and the need for a second-look procedure. 
Mitchell et al. [ 42 ] found that there was no difference in clinical outcome between 50 children who had a second look 
after FESS and 50 children who did not. At this time, most pediatric otolaryngologists do not perform a second-look 
procedure [ 4 ]. 

    Image Guidance 

 Image-guided sinus surgery is not new and, like other advances in the fi eld of rhinology, was fi rst utilized on adults. As most 
readers are aware, the technology allows for the real-time localization of the tip of an instrument in three dimensions using 
previously obtained CT images (Fig.  22.2 ). This may allow for more complete disease removal during endoscopic proce-
dures and potentially reduce the risk of injury to adjacent structures including the skull base and orbit. Like many technolo-
gies, particularly expensive ones, there were concerns almost from the beginning regarding overutilization. The American 
Academy of Otolaryngology – Head and Neck Surgery has developed recommended indications for the use of this technol-
ogy (Table  22.2 ).
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    The only one of these guidelines specifi c to the pediatric patient is choanal atresia. Tumors of the nose and sinuses and 
CSF rhinorrhea are uncommon in children, but do occur. However, these conditions are outside of the scope of this book and 
will therefore not be further discussed. 

 Although posterior ethmoid, sphenoid, and frontal sinus diseases are less common in children than adults, they do occur. 
Image guidance can be helpful in the fi rst case with identifi cation of the ethmoid roof and in the latter cases with 

  Fig. 22.2    Screen shot of image guidance system being used to confi rm the location of an instrument in the sphenoid sinus       

  Table 22.2    American Academy of 
Otolaryngology – Head and Neck Surgery 
indications for computer- assisted 
endoscopic sinus surgery  

 1. Revision sinus surgery 
 2. Distorted sinus anatomy of developmental, postoperative, or traumatic origin 
 3. Extensive sinonasal polyposis 
 4. Pathology involving the frontal, posterior ethmoid, and sphenoid sinuses 
 5. Disease abutting the skull base, orbit, optic nerve, or carotid artery 
 6. Cerebrospinal fl uid rhinorrhea or conditions where there is a skull-base defect 
 7. Benign and malignant sinonasal neoplasms 
 8. Choanal atresia 

  Based on data from American Academy of Otolaryngology-Head and Neck Surgery [ 88 ]  
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identifi cation of the sphenoid face and nasofrontal duct. As we have previously discussed, children sometimes require revi-
sion surgery. Image guidance can be useful in confi rming the location of the skull base and lamina papyracea (and avoiding 
potential CNS or eye injury, respectively) when a patient’s anatomy has been distorted by prior surgery. Extensive polyposis 
present in children with cystic fi brosis or other diseases can have a similar effect on anatomy, and these patients may likewise 
benefi t from the use of image guidance. 

 The authors fi nd image guidance particularly useful when treating patients with orbital subperiosteal abscesses secondary 
to sinusitis. These patients universally have signifi cant mucosal infl ammation that generally responds poorly to vasoconstric-
tion. Moreover the maxillary and ethmoid sinuses are frequently fi lled with purulence meaning that seeing “draining pus” is 
an unreliable indicator of successful abscess drainage. In these cases, image guidance can provide additional confi rmation 
that the abscess has been evacuated. 

 Overall pediatric otolaryngologists have been relatively slow adopters of image guidance technology. A survey of ASPO 
members in 2005 found that 34 % of respondents never use image guidance when performing FESS [ 4 ]. There are no doubt 
many reasons for the low adoption rate among this group, including the increased cost and time associated with using this 
equipment. However, some of the reasons likely have to do with the particulars of applying this technology to the pediatric 
patient. Obviously young children are much smaller than adults, making reliable attachment of the headset diffi cult at times. 
Likewise, the small amount of space in a young child’s nose and paranasal sinuses, particularly the ethmoid sinuses, can pose 
particular problems when using image guidance. A drift or calibration variance of less than 2 mm is generally acceptable in 
adults; however, Lusk [ 43 ] recommends no more than 1.5 mm in children.  

    Balloon Sinuplasty 

 Sinus surgery has been characterized by innovation, be it the use of telescopes instead of the headlight or intranasal tech-
niques instead of open procedures. Balloon sinuplasty is one of these advancements. The goals of functional endoscopic 
sinus surgery are mucosal preservation and restoration of normal sinus function. Because it is more mucosal sparing than 
traditional FESS, some argue balloon sinuplasty is the newest tool to achieve this goal. 

    In children the maxillary sinus is most frequently addressed with balloon sinuplasty. The procedure is performed under 
general anesthesia with the patient in a supine position. After adequate decongestion, the guide catheter is inserted into the 
nose under endoscopic visualization. A wire is introduced through the catheter and directed toward the maxillary sinus ostium, 
behind the uncinate. Proper placement can be confi rmed with fl uoroscopy or alternatively using a wire with a lighted end to 
transilluminate the anterior maxillary sinus wall. Once the wire is in place, the balloon is advanced over the wire into the 
maxillary sinus, straddling the ostium. With its location confi rmed endoscopically, the balloon is infl ated, defl ated, and then 
removed (Fig.  22.3a–c ). One may irrigate the sinus or aspirate any contents over the wire if desired.

   Balloon sinuplasty has been well studied in adult populations as a way of restoring ventilation and drainage of sinuses 
with minimal trauma. Published complication rates in adults are as low as 0.01 % [ 44 ]. In a meta-analysis the procedure 
improved symptoms in 95 % of adults [ 45 ]. One of the biggest criticisms of balloon sinuplasty in general is the perceived 
high rate of revisions or secondary procedures. However, Weiss et al. [ 46 ] reported that revision surgery was only needed in 
9.2 % of adults undergoing the procedure. Levine reported revision rates of 1.3 % with a 40-week follow-up. An additional 
criticism of the procedure is that it does not address the ethmoid sinuses. As ethmoidectomy is often required as a component 
of FESS, it can be diffi cult to determine the relative contributions of balloon sinuplasty and endoscopic ethmoidectomy to 
the surgical outcome. The surgeon must consider these factors when deciding whether this relatively expensive technology 
is appropriate for their patient. A criticism of this procedure of particular importance to children is that fl uoroscopy, origi-
nally used to assess wire placement, exposes a child to added radiation. Illuminated guide wires eliminate this risk and 
should be considered a better choice in the pediatric population. 

 Outcomes of balloon sinuplasty have only recently been studied in children. One of the earliest reports is by Ramadan in 
2009 [ 47 ]. Thirty children who had failed medical therapy were offered balloon sinuplasty. Overall 51 of 56 sinuses could 
be dilated. In 4 of the 5 unsuccessful cases, the inability to cannulate was due to a hypoplastic sinus. There were no complica-
tions. In 2010, the same author compared adenoidectomy to balloon sinuplasty in children who failed medical management 
of sinusitis. Eighty percent of the children undergoing balloon sinuplasty had improvement in their symptoms at 1 year 
versus 52.5 % improvement in the adenoidectomy group [ 48 ]. While most pediatric otolaryngologists do not obtain routine 
follow-up CT scans, Nogueira et al. [ 49 ] showed that 90 % of patients undergoing balloon sinuplasty had improvement in 
their symptoms and resolution of sinus disease on follow-up CT scans.   
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    Special Patient Populations 

    Orbital Infections 

 Patients with orbital abscess or subperiosteal abscess represent a unique patient population in whom surgical management of 
sinusitis is often necessary. These infections generally come from ipsilateral ethmoiditis, though they also may come from 
the adjacent frontal sinus [ 50 ]. Orbital infections exist on a continuum, and sometimes periorbital (preseptal) cellulitis can 
be diffi cult to distinguish from orbital cellulitis, which is more likely to require surgery [ 51 ]. When cellulitis progresses to 
abscess, surgical therapy may be necessary. Medical therapy alone varies from 26 to 93 % in effectivity, while surgical 
 intervention is curative in 95–100 % of cases [ 52 ]. 

 Many have attempted to identify clinical indicators on presentation that may predict the need for surgical intervention. 
A nonmedial abscess location [ 52 ] or frontal sinus involvement [ 53 ,  54 ] is more likely to require surgical intervention. The 
size of the abscess is also a predictor. Ryan et al. [ 55 ] found that an abscess larger than 10 mm was more likely to require 
surgical treatment. Similarly, Todman and Enzer [ 56 ] found that an abscess with a volume less than 1,250 mm 3  did not 
require surgical intervention. Most would agree that surgical intervention is warranted when there is systemic involvement 
or decreased visual acuity. Surgery is also warranted when a patient does not improve after 48–72 h of antibiotics [ 52 ]. 

 The surgical technique involves an uncinectomy and opening up the ethmoid bulla. One can ballot the eye or provide 
gentle pressure to the lamina with the backside of a freer to determine if there is a dehiscence through which pus can be 

  Fig. 22.3    ( a ) Guide catheter in right middle meatus. ( b ) Balloon in maxillary ostium. ( c ) Maxillary ostium after balloon dilatation       
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evacuated. Such a dehiscence is often present [ 57 ]. If a dehiscence is not identifi ed, the lamina papyracea can be gently 
cracked with a cottle or freer, just posterior to the uncinate process. Care must be taken to not violate the periosteum. At this 
point or with a small amount of posterior dissection, pus is usually encountered. Evacuation of purulent material can be 
assisted by gentle external pressure on the orbit. The orbit should become less fi rm as purulence is drained. Nasal packing is 
best avoided, if possible. We recommend a maxillary antrostomy and ipsilateral anterior ethmoidectomy be performed at the 
same time. 

 Clearly the aim of surgery for this condition is elimination of pus trapped between the lamina papyracea (LP) and the 
periorbita. However, the extent to which the LP must be opened is not entirely clear. Some recommend a wide resection of 
the lamina to evacuate all purulence [ 58 ]. A wider exposure has greater potential risk of injuring the orbital contents, but this 
risk must be balanced against the risk of inadequate surgical drainage of the infection [ 59 ]. Khalifa [ 60 ] compared “limited 
removal of the lamina” to “wide resection of the lamina” in 13 patients with SPA and decreased visual acuity and ophthal-
moplegia and found similar results in the two groups. Overall proptosis, visual acuity, and ophthalmoplegia returned to 
normal within 24–48 h. Others have reported similar success with limited LP resection [ 61 ], and this is our approach as well.  

    Cystic Fibrosis 

 Cystic fi brosis (CF) is an autosomal recessive genetic disease characterized by dysfunction of exocrine glands. The genetic 
mutation has a negative impact on chloride ion transport. This alteration in chloride ion transport appears to decrease muco-
ciliary clearance throughout the respiratory tract, including the paranasal sinuses. The decrease in mucociliary clearance is 
likely due to an alteration in the physiochemical properties of the mucus. Mucus stasis then leads to infl ammation, which can 
result in goblet cell dysfunction, further altering the viscosity of the mucus, and squamous metaplasia with resultant loss of 
cilia [ 62 ]. 

 The vast majority of children with CF will have sinonasal involvement, although only a small percentage may be 
symptomatic [ 63 ]. The most common symptoms in these patients are nasal airway obstruction (62 %), rhinorrhea (64 %), 
and mouth breathing (38 %) [ 64 ]. Physical exam fi ndings are variable, though they include polyposis in up to 57 % of 
patients [ 65 ]. Facial changes including hypertelorism, proptosis, or broadening of the nasal bridge may be present as 
well [ 66 ,  67 ]. 

 Maxillary sinus opacifi cation on CT scan is nearly universally present [ 65 ]. The hallmark CT fi nding in patients with CF, 
medial displacement of the medial wall of the maxillary sinus, often with demineralization of the bone of the uncinate pro-
cess [ 62 ], is found in up to 75 % of patients [ 65 ]. Often the frontal and sphenoid sinuses are underdeveloped in these patients. 

 Patients with cystic fi brosis who have signifi cant nasal symptoms will often benefi t greatly from surgery [ 68 ,  69 ]. However, 
symptoms will also frequently recur in these patients. Likewise, it is unlikely that sinonasal surgery will have an impact on 
the child’s pulmonary function or lower respiratory symptomatology [ 70 ]. It is important for the surgeon to counsel the 
patient and family regarding these issues preoperatively. 

 In the past, patients with nasal polyps and CF underwent a polypectomy. With the advent of telescopes and powered 
instrumentation, managing these patients with endoscopic sinus surgery including ethmoidectomy and wide maxillary 
antrostomy has led to improved outcomes and decreased (or at least delayed) recurrence rates as well. Cepero et al. [ 71 ] 
noted a 13 % recurrence rate with this approach compared to a 61 % recurrence rate with polypectomy alone. Other studies 
have reported similar results [ 72 ]. This more aggressive approach may facilitate gravitational drainage of the sinuses and 
improve entrance of any postoperative irrigation into the sinuses. 

 Not surprisingly, nasal obstructive symptoms are most likely to improve after surgery, whereas headache is less likely to 
improve [ 68 ,  69 ]. Symptom improvement is of course variable. Fuchsmann et al. [ 73 ] reported that of his patients with CF 
undergoing FESS, 30 % were symptom-free, 40 % had symptoms controlled by medication, and 30 % had another surgery 
at 3 years follow-up. 

 While surgery seems to be effective for most symptoms of CF-related sinusitis, it is not without complications. Albritton 
and colleagues [ 74 ] found an overall complication rate of 11.5 % in CF patients undergoing FESS. The most frequent com-
plication encountered was bleeding. They note that many patients have acquired coagulopathies and advanced pulmonary 
disease making surgical complications more likely. 

 Sinonasal symptoms frequently recur in these patients, necessitating revision surgery in many. The percentage of patients 
requiring revision surgery is impossible to accurately ascertain from the literature, as it is dependent on the length of follow-
 up. However, it is reasonable to conclude that 50 % or more will undergo revision surgery within 4 years of their initial 
procedure [ 65 ]. Not surprisingly, the patient factors that appear to predict the need for repeat surgery are the severity of 
disease on preoperative CT scan [ 75 ] and severity of nasal polyposis prior to the fi rst surgery on clinical examination [ 76 ].  

22 Surgical Management of Rhinosinusitis in Children and Adolescents



420

    Antrochoanal Polyp 

 Antrochoanal polyps (ACP) are benign masses arising from the maxillary antral mucosa that can grow to fi ll the nasal pas-
sageway and ultimately extend into the choana and nasopharynx. The vast majority of these patients present with nasal 
obstruction [ 77 ]. This tends to be a disease of childhood or early adulthood [ 78 ]. The average age at initial presentation varies 
in the literature from 9 years [ 79 ] to 28 years [ 77 ]. Antrochoanal polyps account for 4–6 % of all nasal polyps in adults, but 
33 % of all polyps in pediatric patients [ 80 ]. 

 The etiology of ACP is not clearly understood. Several studies have found a signifi cant association between allergic dis-
ease and ACP [ 77 ,  81 ]. On the other hand, histological examination of ACP compared to middle meatal polyps revealed 
lower numbers of eosinophils and higher numbers of other infl ammatory cells in other studies [ 82 ,  83 ]. 

 These lesions can be diffi cult to remove entirely secondary to variability of their origin within the maxillary sinus and 
therefore have a high recurrence rate [ 84 ]. Ozer et al. [ 85 ] found that the attachment site could be identifi ed in only 50 % of 
patients, with the lateral wall the most common location for attachment (71 %). Other studies have found the posterior wall 
to be most common [ 78 ]. 

 Because of their relatively high recurrence rate, several strategies have been employed in the management of ACP. 
Endoscopic removal via a wide maxillary antrostomy is the most frequently employed technique [ 77 ,  79 ]. Angled telescopes 
(45° or 75°) with angled instruments are often employed to insure complete excision of the polyp during endonasal endo-
scopic surgery [ 79 ]. Franche [ 78 ] reported a 6.9 % recurrence rate using this approach. Other authors recommend a canine 
fossa puncture or “mini Caldwell Luc approach” in addition to a transnasal endoscopic approach for removal of ACP (com-
bined approach), citing a much lower recurrence rate. A combined approach yielded no recurrences, whereas an endoscopic 
transnasal approach alone had a 20–23 % recurrence rate [ 85 – 87 ]. This additional opening in the anterior wall of the maxil-
lary sinus can be used to better access the lateral aspect of the sinus with instrumentation, powered or otherwise, for complete 
removal of the polyp. These expanded access techniques may potentially lead to dental injury or affect maxillary growth, 
however. Therefore, the surgeon must carefully weigh the potential benefi t of lowered recurrence with these potential 
increased risks.   

    Conclusions 

 Although there remains some controversy in the surgical management of CRS in children, we recommend using a step-
wise approach in most children who have failed medical therapy. Adenoidectomy should be performed fi rst. 
Adenoidectomy is most likely effective as it eliminates a biofi lm of pathogenic bacteria from the nasopharynx. If not 
removed, it has been postulated that these biofi lms can seed the paranasal sinuses in certain children. FESS should be 
considered in those children who have failed adenoidectomy. It has a greater chance of success but carries increased 
potential risks. To optimize the outcome of FESS, comorbidities, particularly allergic rhinitis, should be managed prior 
to surgery. Image guidance may increase the safety of pediatric FESS in certain populations. The role of emerging tech-
nologies such as balloon sinuplasty in the management of pediatric CRS needs to be further elucidated. Certain diseases, 
more common in children than adults, such as orbital subperiosteal abscess, sinonasal disease associated with cystic 
fi brosis, and antrochoanal polyps, are particularly amenable to FESS. These generally require more extensive procedures 
than pediatric CRS.     
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    Chapter 23   
 Surgical Management of Rhinosinusitis 
with and Without Polyps in Adults 

             Marcelo     B.     Antunes       and     David     W.     Kennedy     

           Introduction 

    Chronic rhinosinusitis (CRS) is an infl ammatory disease    of multifactorial etiology. It is estimated to affect 5–15 % of the 
American population, resulting in over 600,000 surgeries in the United States alone with an annual cost that surpasses $8 
billion [ 1 – 6 ]. Patients with CRS also have signifi cant decrements in quality of life, having worse scores for physical pain and 
social functioning than patients suffering from chronic obstructive pulmonary disease, congestive heart failure, back pain, or 
angina [ 7 ]. 

 Despite the incredible impact on the health-care system and on patients’ quality of life, its pathogenesis has not been well 
defi ned. It appears that CRS is a syndrome with multiple etiologic factors that has infl ammation of nasal mucosa and under-
lying bone as a common end point. The infl ammatory process resulting in mucosal edema leads to impairment of mucocili-
ary clearance and ostial obstruction, which, in turn, results in further infl ammation or infection. There are many potential 
causes that could trigger this process such as infection by bacteria, fungi, or viruses, bacterial biofi lms, superantigens, oste-
itis, allergies, and genetic factors [ 4 ,  8 – 12 ]. A discussion of all the potential pathophysiologic factors and mechanisms that 
may play a role in CRS has been presented in previous chapters. 

 CRS has been classically differentiated between CRS with or without nasal polyps (NP). The etiologic factors in both 
those groups, however, have a signifi cant overlap. Another classifi cation of CRS is based on the histology, and patients are 
divided into eosinophilic and non-eosinophilic (neutrophilic or mixed). CRS without nasal polyps is rarely eosinophilic 
while CRS with nasal polyps is eosinophilic in about 80 % of cases. This classifi cation has an important prognostic implica-
tion with patients presenting with eosinophilic CRS having a worse long-term outcome. Examples of eosinophilic CRS are 
patients with allergies, asthma, aspirin-exacerbated respiratory disease, and allergic fungal rhinosinusitis and in CRS induced 
by superantigens. Examples of non-eosinophilic CRS are patients with cystic fi brosis and antrochoanal polyp and in ciliary 
dyskinesia syndromes.  

    Primary Functional Endoscopic Sinus Surgery 

    General Principles 

 Several early studies described the importance of the ethmoid area in triggering disease in the maxillary, frontal, and sphe-
noid sinuses [ 13 – 15 ]. In the 1970s, Messerklinger [ 16 ] performed endoscopic studies of mucociliary clearance and 
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established the basis for modern endoscopic sinus surgery. He observed that if two mucosal surfaces are in contact with each 
other, this would disrupt normal mucociliary clearance and result in mucous stasis. Furthermore, he was able to confi rm the 
area of the ethmoid infundibulum and middle meatus (ostiomeatal unit or ostiomeatal complex) as the primary site of 
involvement in the process [ 17 ]. Ostial obstruction, with blockage of sinus ventilation and mucous drainage, is the fi nal com-
mon pathway for the development of rhinosinusitis in most cases. Whether medical or surgical, therapeutic intervention must 
be aimed, at least in part, at relieving ostial obstruction, reestablishing the sinus ventilation, and restoring mucociliary clear-
ance. With those goals in mind, in the 1980s, the early reports on functional endoscopic sinus surgery (FESS) [ 18 ,  19 ] started 
to appear in the literature and defi ned the principles of modern sinus surgery.  

    Indications 

 The primary indication for FESS is chronic rhinosinusitis that is refractory to maximal medical therapy, although recurrent 
acute sinusitis, tumors, and acute sinusitis with threatened complications are less frequent indications. CRS is defi ned as 
persistent infl ammation of the mucosa and, in some cases, of the underlying bone of the nose and paranasal sinuses that lasts 
for at least 12 consecutive weeks. Recurrent acute rhinosinusitis is defi ned as at least four episodes per year with associated 
persistent CT abnormalities after medical therapy. Although maximal medical therapy has not been formally defi ned, it may 
include a combination of prolonged courses of culture-directed or broad-spectrum antibiotics, nasal and oral steroids, anti-
histamines or decongestants, and other supportive therapies such as nasal irrigations. The duration of the therapy is variable, 
but it should be remembered that surgery in chronic rhinosinusitis is primarily adjunctive to medical therapy when a patient 
has continuing symptoms. 

 The same recommendation applies to sinonasal polyposis, although it frequently requires both medical and surgical treat-
ment to achieve adequate clinical improvement. The goal of FESS in these cases is to remove the polyp mass and reestablish 
sinus drainage and ventilation. Complete cure of polyposis, particularly when extensive disease is present, is unlikely and 
should be discussed with the patient. Patients with CRS with NP should be informed that they have an underlying mucosal 
hyperreactivity and tendency to reform polyps despite efforts to remove them surgically. Although NP tend to recur after sinus 
surgery, redevelopment of symptomatic disease can often be avoided by careful long-term endoscopic follow-up in the offi ce 
setting. Local debridement and cleaning, long-term medical management with topical corticosteroids, intermittent courses of 
antibiotics, and occasional use of oral corticosteroids all play key roles in abating symptomatic disease in most polyp patients. 
Serial offi ce endoscopy is essential in providing an objective assessment of a patients’ response to medical therapy in that 
persistent postsurgical disease can be frequently asymptomatic.    If any residual persistent asymptomatic disease is aggres-
sively treated, and the cavity can be returned to normal such patients do not commonly require revision surgery down the road. 

 The diagnosis of allergic fungal sinusitis also should be considered in patients who do not respond to conventional medi-
cal therapy. These patients usually present with nasal polyps and thick brown nasal secretions (peanut butter consistency). 
Collaborative fi ndings are the presence of fungal elements on stains or positive identifi cation of organisms on culture, areas 
of increased signal intensity on computed tomography (CT) (Fig.  23.1 ) or decreased signal intensity on T 2 -weighted mag-
netic resonance imaging (MRI), and history of hypersensitivity to fungal antigens. Optimal therapy for allergic fungal sinus-
itis requires endoscopic surgical debridement [ 20 ] and careful, long-term endoscopic follow-up, along with oral corticosteroids 
and in some cases oral antifungal therapy. This topic is discussed in greater detail in another chapter.

   Management of the patient’s allergies is frequently neglected but extremely important, particularly in cases of CRS com-
plicated with nasal polyposis. An association between CRS with and without NP and allergy has been fi rmly established, 
although a causal relationship has not been well defi ned. Although allergy is an IgE-mediated disorder, eosinophilia is not 
always related to IgE. Studies have shown that about half of patients with eosinophilic CRS had evidence of inhalant atopy 
[ 21 ]. When comparing CRS with NP versus CRS without NP, skin test for inhalant allergens was positive in 44 % of patient 
with NP versus 17 % of patients without NP. All patients with CRS should undergo allergy testing to better delineate the 
patient’s allergic profi le, to improve environmental control, and to consider allergen-specifi c immunotherapy. 

 Other issues that need to be addressed preoperatively are environmental irritants, especially smoking. Tobacco use is a 
worldwide epidemic that the World Health Organization (WHO) estimates account for 3 % of the world’s morbidity and 
mortality at a cost of tens of billions of dollars annually [ 22 ]. Tobacco smoke exposure has been suggested as a risk factor 
for CRS [ 23 ], with studies demonstrating that smokers have a higher prevalence of CRS when compared with nonsmokers 
[ 24 – 26 ]. Moreover, cigarette smoking has also been implicated in worse outcomes following FESS [ 27 – 32 ]. Although 
 evidence is mounting linking tobacco smoke exposure and CRS, the pathophysiologic mechanisms are yet to be identifi ed. 
Recently, it was demonstrated that tobacco smoke exposure induces an increase in biofi lm mass in respiratory bacteria 
[ 33 ,  34 ], which may contribute to the refractory nature of many respiratory infections found in smokers. On the other hand, 
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recent studies suggest that an active smoking status may not have a negative impact on clinical outcome following FESS, 
although the degree of any adverse effect may be exposure related [ 31 ,  35 ,  36 ]. The issue remains controversial. However, 
based upon the senior author’s prior reported outcome experience where the infl uence of smoking was dramatic, we do not 
perform elective endoscopic sinus surgery unless the patient has stopped smoking. 

 There is also an evolving role for surgery in cases of complicated acute rhinosinusitis, such as those with orbital or intra-
cranial extensions or those refractory to medical intervention. Endoscopic surgery in acute rhinosinusitis has been increas-
ingly utilized for acute frontal sinusitis that is refractory to medical management. This has largely replaced external 
trephination, the traditional approach to severe acute frontal sinusitis, due to its more physiologic and long-lasting effect. 
Trephination tends to be more invasive and prone to recurrence. In cases of acute rhinosinusitis with orbital complications, 
FESS can provide access to medial orbital wall. With resection of the lamina papyracea, the surgeon can expose the perior-
bital fascia, which can be incised to decompress the orbital cellulitis or drain the orbital abscess. In those cases, the acute 
infl ammatory process creates an extremely challenging operative fi eld, which is why such surgery is recommended only for 
skilled and experienced surgeons. The traditional open approach with external ethmoidectomy may still be used by less 
experienced endoscopists. 

 Extended indications for FESS include mucoceles, mucopyoceles, sinus and skull base tumors, intracranial tumors, cere-
brospinal fl uid leaks, orbital and optic nerve decompression, distal obstruction of the lacrimal system, and other diverse 
pathologies (Table  23.1 ). Mucoceles and mucopyoceles are best managed initially with FESS [ 37 ]. These lesions tend to 
erode or remodel the surrounding bone and can extend intracranially or intraorbitally. In these cases, the mucocele membrane 
is fi rmly adhered to the underlying dura or periorbita and diffi cult to detach. Marsupialization though an endoscopic approach 
is safe and effective, sparing the patient from the morbidity associated with an open approach and craniotomy (Fig.  23.2 ).

    Benign and malignant neoplasms of the sinuses, anterior skull base, or medial orbital wall can be amenable to endoscopic 
resection (Fig.  23.3 ). The endoscopic approach may spare the patient a craniotomy and/or more radical extirpative proce-
dures. Perhaps more importantly, offi ce nasal endoscopy permits excellent visualization of the operative site, allowing for 
earlier detection of recurrent tumor growth in lesions, such as inverting papilloma, which has a known recurrence rate. 
Cerebrospinal fl uid (CSF) rhinorrhea may be idiopathic, iatrogenic, or posttraumatic, and all may be approached endoscopi-
cally. If a CSF leak results from prior endoscopic surgery, the most common site of injury is along the vertical lamella of the 
cribriform plate proximate to the anterior ethmoid artery. The bone is exceptionally thin in this area and the dura tightly 
adherent. Because of the anatomic orientation of the right-handed surgeon, this complication most commonly occurs on the 
patient’s right side (Fig.  23.4 ). The dural defect in these cases tends to be limited, and repair of the defect is most easily 
performed with a free mucosal graft taken from the nose. With more extensive dural defects, such as following a skull base 
tumor resection, closure may require several layers of support, perhaps with a free bone or cartilage graft along with a local 
pedicled mucosal fl ap. The endoscopic management of skull base defects avoids the signifi cant morbidity associated with a 
craniotomy.

    In the surgical treatment of dysthyroid ophthalmopathy, endoscopic orbital decompression compares favorably with tra-
ditional techniques [ 38 ,  39 ]. One study reported a 4.7-mm recession with endoscopic decompression alone and a 5.7-mm 

  Fig. 23.1    Coronal CT cuts in a patient with right-sided allergic fungal sinusitis. ( a ) An anterior coronal cut demonstrates a concha bullosa on the 
right side fi lled with material of increased density (allergic mucin). There is a septal deformity toward the opposite side. ( b ) More posteriorly, some 
hyperdense material is also seen extending into the maxillary sinus. ( c ) A cut in the region of the anterior ethmoidal neurovascular bundle demon-
strates also some bony thickening (osteitis) in the ethmoid bony partitions       
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   Table 23.1    Indications for endoscopic sinus surgery  

 Infl ammatory disease 
  Chronic rhinosinusitis with or without polyps 
  Recurrent acute rhinosinusitis 
  Complicated acute rhinosinusitis 
  Sinonasal mucoceles or mucopyoceles 
  Allergic fungal sinusitis 
  Antrochoanal polyp 
  Adenoid hypertrophy 
 Neurorhinologic disorders 
  Cerebrospinal fl uid rhinorrhea and skull base 

defects 
  Occasionally rhinopathic headaches refractory to 

medical therapy 
  Intractable vasomotor rhinitis (endoscopic Vidian 

neurectomy) 
 Neoplastic diseases 
  Inverting papilloma 
  Paranasal sinus osteoma 
  Skull base tumors 
  Pituitary tumor 
  Paranasal sinus malignancies 
 Orbital disorders 
  Dysthyroid ophthalmopathy 
  Optic nerve decompression 
  Nasolacrimal duct obstruction 
 Other 
  Epistaxis 
  Submucous resection of nasal septal deviation 
  Choanal atresia or stenosis 
  Intranasal foreign body 

  Fig. 23.2    Coronal CT scans ( a, b ) demonstrating a right sphenoid mucocele with erosion of the lateral wall and partial roof of the sphenoid sinus 
in the region of the carotid artery and optic nerve. Note the osteitic bone on the opposite left side. The patient was satisfactorily managed with an 
endoscopic procedure and has remained disease-free for 6 years       
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  Fig. 23.3    Coronal and axial CT scans in an 18-year-old patient with a left-sided juvenile angiofi broma. ( a ) Coronal CT: a mass is seen within the 
nasal cavity extending into the pterygopalatine fossa, infraorbital fi ssure, fl oor of the sphenoid sinus, and infratemporal fossa. ( b ) Axial CT dem-
onstrates the classical Holman-Miller sign (anterior displacement of the posterior wall of the maxillary sinus) ( arrow ). The tumor was removed 
endoscopically following embolization       

  Fig. 23.4    Coronal CT scan demonstrating a right-sided skull 
base dehiscence with a small meningocele. The patient was 
referred following prior endoscopic sinus surgery with a history 
of a cerebrospinal fl uid rhinorrhea. The CT scan demonstrates a 
dehiscence in the right skull base in the region of the 
attachment of the right middle turbinate ( arrow ). Both inferior 
turbinates have been partially removed and there is subtotal 
resection of the left middle turbinate       

recession with the endoscopic approach combined with lateral orbitotomy [ 40 ]. The nasal telescope permits superior visual-
ization of the orbital apex via the posterior ethmoid sinuses, an area often not fully accessible by the external or transantral 
routes. This allows for optimal posterior orbit and optic nerve decompression in cases of traumatic optic neuropathy. 
However, in order to minimize diplopia, a balanced medial and lateral orbital decompression is recommended. Dacryocystitis 
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and distal lacrimal obstruction requiring surgical intervention can also be managed endoscopically, and encouraging 
 preliminary results have been reported [ 41 ]. 

 Endoscopic sinus surgery has been employed in some cases of refractory non-migrainous headache syndromes thought to 
have a rhinogenic origin through mucosal impaction or presumed pressure changes within a sinus cavity. However, the roles 
that nasal anatomic abnormalities might play in a headache symptom complex remain very controversial [ 42 – 44 ]. In all cases 
of headache with absent or limited demonstrable sinus pathology, surgery must be considered the treatment of last resort and 
the risks of FESS weighed against the possible benefi ts. This subject is discussed in greater detail in another chapter. 

 A variety of other conditions can be addressed with the endoscopic approach as described in Table  23.1 .  

    Preoperative Evaluation 

    Clinical History 

 On initial patient presentation, a thorough and careful history is obtained investigating in depth all the signs and symptoms 
associated with the diagnosis of CRS as defi ned by the 1996 Task Force [ 45 ]. The most common symptoms of chronic rhi-
nosinusitis are nasal congestion, obstruction, and postnasal discharge. However, decreased sense of smell, although not 
specifi c, is one of the most sensitive symptoms. It is important that the duration, intensity, and localization of facial pain and 
pressure, nasal obstruction, nasal discharge, postnasal drip, hyposmia, headache, halitosis, dental pain, fatigue, cough, and 
ear pressure are all determined. Since CRS can masquerade as a variety of other disorders, specifi c inquiry is made regarding 
fever, visual disturbances, smell and taste disorder, allergy, immune dysfunction, asthma, bronchitis, and systemic disease. 
Patients should also be asked about any previous medical and surgical treatments. Multiple sinus-related questionnaires 
(SNOT-20, CSS, and RSOM-31) are available, but they are used mostly for research purposes. A complete otolaryngologic 
head and neck exam should precede the endoscopic examination.  

    Nasal Endoscopy 

 Perhaps the chief benefi t gained from the use of nasal telescopes is the ability to diagnose and follow the course of sinus 
disease in the offi ce setting. Diagnostic nasal endoscopy is performed with the patient in the upright or semi-sitting position. 
Each nasal cavity is sprayed with a topical decongestant and anesthetic. A fl exible fi ber-optic endoscope may be utilized, but 
it does not facilitate the passage of an endoscopically directed culture or instrumentation, and the optical resolution is sub-
optimal. The 30°, 4.0-mm rigid scope is most commonly employed in otolaryngologic practice, but occasionally an extremely 
narrow nasal cavity may necessitate using the 2.7-mm scope. The “three-pass” technique is advocated (Fig.  23.5 ). The scope 
is fi rst introduced into the nasal cavity along the fl oor of the nose, medial to and below the inferior turbinate, and gradually 
advanced back to the nasopharynx. The examiner should note any inferior turbinate mucosal abnormality, the presence and 
character of secretions, the adenoids, and Eustachian tube. A second pass of the scope is then made between the middle and 
inferior turbinates. The middle meatus (anteriorly) and sphenoethmoid recess (posteriorly) can thus be noted. Frequently, the 
sphenoid ostium can be seen above the posterior nasal choana within the sphenoethmoid recess, and isolated sphenoid or 
posterior ethmoid disease may be identifi ed in this manner. The third pass of the scope is lateral to the middle turbinate into 
the middle meatus. This manipulation is frequently more uncomfortable for the patient, so additional anesthesia (4 % cocaine 
solution on a cotton-tipped applicator) may be required. Within the middle meatus, the components of the OMC (uncinate 
process, hiatus semilunaris, ethmoid bulla) can usually be visualized, and pathologic changes, such as hypertrophic mucosa, 
polyps, and purulent secretions, can be noted.

   On the basis of clinical history and nasal endoscopic fi ndings, the physician typically prescribes a course of therapy. On 
return visit, nasal endoscopy is again performed at which time the physician assesses the patient’s response to therapy. Nasal 
endoscopy thus proves diagnostically more sensitive than plain fi lms for accessible changes within the ostiomeatal complex 
and more cost-effective than repeat CT scanning in the follow-up of chronic rhinosinusitis.  

    Radiology 

 Patients are selected for radiographic evaluation based on their response to medical therapy as determined by follow-up endos-
copy. Medical responders typically return to the offi ce for periodic endoscopic exams, and the need for CT imaging is avoided. 
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Patients whose symptoms recur following cessation of medical therapy, patients with suspected complications, and patients 
who do not respond to medical therapy are selected for CT evaluation. Patients may have normal endoscopic examinations, 
but if symptoms are persistent, a sinus CT is indicated. The role of imaging is therefore to defi ne the paranasal sinus anatomy 
and identify disease, which cannot be identifi ed endoscopically in medical nonresponders. CT evaluation is thus reserved 
primarily for patients who are considered surgical candidates based on their clinical course and nasal endoscopic fi ndings 
(Fig.  23.6 ).    Plain fi lms may be of some benefi t in evaluating acute sinusitis, but they fail to reveal the anatomic detail in the 
OMC region and they are therefore not considered useful in the diagnosis of chronic sinusitis. Coronal CT scanning (without 
contrast) with window width/length ratios to optimize bony detail is the imaging modality of choice [ 46 ]. Axial views are 
occasionally useful in planning revision surgery, especially in the frontal and sphenoid regions. MRI does not defi ne the fi ne 
bony architecture of the ethmoid labyrinth well, but is useful in evaluating paranasal sinus neoplasms. MRI should also be 
performed prior to surgery in all cases where sinus opacifi cation occurs in an area adjacent to a skull base defect. In this situ-
ation, this imaging modality is helpful in distinguishing the nature of the soft tissue and helps to exclude the possibility of a 
meningocele or encephalocele.

   With rare exceptions, sinus CT should be obtained only after a prolonged course of medical therapy, so that the abnormal 
radiographic fi ndings identifi ed have surgical signifi cance. The CT will defi ne areas of mucosal thickening, ostial obstruc-
tion, anatomic variations or abnormalities, and air–fl uid levels that may indicate persistent or recurrent infl ammatory disease 
(Fig.  23.7 ). Care must be taken when interpreting sinus CTs, since 24–39 % of the asymptomatic general public will display 
some mucosal changes on CT and essentially everyone has signifi cant CT changes at some point during a viral upper respira-
tory tract infection [ 47 ]. No patient is considered a surgical candidate on the basis of CT fi ndings alone but rather based on 
the combined information gathered from careful history, nasal endoscopic examination, response to medical therapy, and CT 
fi ndings. These guidelines are modifi ed for patients who develop complications of sinusitis while on medical therapy or 
intolerable side effects of the medications themselves.

   A detailed review of the radiographic anatomy of this region is warranted before further discussion of surgical technique. 
The coronal sinus CT is read in an anterior-to-posterior direction, starting with the frontal sinus. Complete absence of the 
frontal sinus occurs in 10–15 % of patients and should be considered a variation of normal. The frontal recess is the drainage 
pathway of secretions that exit the frontal sinus through the frontal ostium and communicates with the ethmoid infundibulum 
inferiorly. The former term, “frontonasal duct,” is no longer an accepted terminology since, in most cases, the anatomy of the 

  Fig. 23.5    Diagrammatic representation of the 3-pass 
technique. The  fi rst pass  is along the fl oor of the nose, the 
 second pass  is between the middle and inferior turbinate and 
allows visualization of the sphenoethmoidal recess, and the 
 third pass  is into the middle meatus. The third pass may 
require additional anesthesia to the middle turbinate and is 
not possible in all patients, but frequently can be achieved 
with some medial displacement of the middle turbinate and a 
2.7-mm telescope       
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  Fig. 23.6    ( a ) Coronal sinus CT scan in the ostiomeatal region demonstrating recurrent or persistent bilateral ethmoid disease ( asterisks ) following 
prior surgery elsewhere. There are marked residual ethmoid cellular partitions and there is mild bilateral maxillary sinus mucosal thickening. Note 
there is some residual uncinate process on the left side ( arrow ). ( b ) Coronal CT through the area of the ostiomeatal complex in a patient with 
bilateral chronic sinusitis. The patient has had some prior surgery and the uncinate processes have been removed bilaterally. There is still bilateral 
maxillary, ethmoid, and frontal recess disease and the bone in several areas (left infraorbital cell, maxillary sinus, and ethmoid bony partitions) is 
starting to show thickening (osteitis) as a result of chronic infl ammation       

  Fig. 23.7    Coronal sinus CT in a patient at the level of the 
ostiomeatal complex demonstrating a septal deformity and 
some narrowing of the right ostiomeatal complex and minimal 
maxillary sinus mucosal thickening on the sinus fl oor       
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area resembles a recess more than an actual tubular structure. Although the agger nasi and dome of the ethmoid bulla form 
its anterior and posterior borders, the medial limit of the frontal recess is the superior-most attachment of the middle turbi-
nate. This anatomic arrangement may explain why there is a tendency toward frontal recess stenosis after middle turbinate 
resection [ 48 ]. The frontal ostium has been described as the waist of an hourglass [ 49 ], with the dilated chambers of the 
frontal sinus above and frontal recess below the ostium. Mucociliary transport in the frontal sinus is unique in that the mucus 
recirculates within the sinus before exiting, and secretions at the frontal recess can even be transported into the sinus [ 50 ]. 
The agger nasi is defi ned as the eminence on the lateral wall of the nose just anterosuperior to the superior attachment of the 
middle turbinate. It is usually pneumatized, in which case an agger nasi cell is present. This cell is the most anterior and 
superior of the anterior ethmoid cells. Its position near the ostium and fl oor of the frontal sinus gives it considerable signifi -
cance in frontal sinus disease (Fig.  23.8 ).

   Posterior to the agger nasi, the region of the OMC can be identifi ed. It consists of bony structures (uncinate process, 
 ethmoid bulla, middle turbinate) and air spaces (frontal recess, infundibulum, middle meatus, and the ostia of the anterior 
ethmoid, maxillary, and frontal sinuses). The uncinate articulates with the lacrimal bone anteriorly and occasionally with the 
inferior turbinate bone inferiorly. The uncinate usually is confl uent with the agger nasi superiorly, often ascending supero-
medially to form the medial wall of an agger nasi cell. It can also attach laterally into the medial orbital wall (lamina papy-
racea) or medially into the middle turbinate. The uncinate process then courses posteriorly at its inferior portion, attaching 
to the membranous tissue of the posterior fontanelle. This fontanelle forms most of the medial wall of the maxillary sinus. 
The ethmoid bulla is the largest, most consistently found anterior ethmoid cell(s). The bulla lies immediately posterior to the 
uncinate process, separated only by the three-dimensional, funnel-shaped space known as the ethmoid infundibulum. The 
two-dimensional distance between the uncinate anteriorly and the ethmoid bulla posteriorly is known as the hiatus semilu-
naris, which leads into the infundibulum situated more anterolaterally. The bulla is attached to the lamina papyracea and 
sometimes to the skull base superiorly. The middle turbinate forms the medial border of the ethmoid sinus system. Its 

  Fig. 23.8    Coronal CT scan through the agger nasi area 
demonstrates a septal deformity toward the right side and a 
large left-sided agger nasi cell ( star ). The sinuses are free of 
mucosal disease       
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superior bony attachment is the lateral edge of the cribriform plate, whereas it has mucosal connections with the lateral nasal 
wall via the medial aspect of the agger nasi. Various anatomic variations of the middle turbinate have been described, includ-
ing paradoxical curvature, partial or superior pneumatization (interlamellar cell), complete or inferior pneumatization (con-
cha bullosa), and others. These variations in middle turbinate anatomy potentially have pathologic signifi cance [ 51 ]. 

 Posterior to the ethmoid bulla is the basal lamella, the posterolateral attachment of the middle turbinate. This structure is 
usually a single partition of bone but can occasionally be pneumatized and thus have an anterior and posterior wall. It articu-
lates laterally with the medial orbital wall and with the ascending process of the palatine bone, which forms the posterolateral 
wall of the maxillary sinus. The lamella has an oblique vertical orientation, so that it lies more anteriorly at its superior aspect 
and more posteriorly at its inferior aspect. It usually does not articulate fully with the skull base. The basal lamella is the 
partition separating the anterior from the posterior ethmoid chambers. The posterior ethmoid cells are larger and fewer in 
number than the anterior ethmoids (Fig.  23.9 ). They are bounded medially by the superior turbinate, posteriorly by the ante-
rior sphenoid wall, superiorly by the skull base, and laterally by the orbital wall. The superior turbinate may have a lamella 
by which it attaches to the medial orbital wall. The medial wall of the orbit courses more medially in this posterior region, 
and occasionally the bony canal housing the optic nerve can be identifi ed in the posterior ethmoid. If a posterior ethmoid cell 
pneumatizes posteriorly into the sphenoid bone or lateral to the optic nerve, a sphenoethmoidal cell (Onodi) is said to exist. 
The most posterolateral ethmoid cell typically is a pyramid-shaped sinus, with the wider base anterior and the apex posterior. 
The anterior face of the sphenoid sinus and sphenoid ostium is usually medial and somewhat inferior to this cell. The anterior 
wall of the sphenoid typically is convex and bulges forward anteriorly in this area.

   The natural ostium of the sphenoid sinus is located medial to the superior turbinate and thus lies outside the ethmoid laby-
rinth. The fl oor of the sphenoid sinus lies at a level considerably below the ostium, so that drainage of secretions is not pas-
sive or gravity dependent but depends on active mucociliary clearance. Sphenoid sinus pneumatization patterns have been 
described as presellar (or conchal), sellar, or postsellar [ 52 ], depending on the extent of pneumatization and the relationship 
to the sella turcica. The lateral walls of the sphenoid contain the indentations of the carotid artery and optic nerve. 

 The natural ostium of the maxillary sinus is located within the ethmoid infundibulum. It cannot be seen without displacing 
or removing the uncinate process. Accessory ostia, probably indicative of previous sinus disease, typically can be seen endo-
scopically, and occasionally radiographically, within the fontanelle posterior to the natural ostium. The medial wall of the 
maxillary sinus is largely devoid of bone, being comprised mostly of membranous tissue known as the posterior fontanelle. 
The small portion of membranous wall located anterior to the natural ostium is termed the anterior fontanelle. Mucus in the 
maxillary sinus is propelled by active mucociliary activity out through the natural ostium, which has a superior location 
along the medial wall of the sinus. If an ethmoid cell is located along the roof of the maxillary sinus within the antrum, an 
infraorbital (Haller) cell is said to exist. 

 The anterior ethmoidal neurovascular bundle traverses the skull base in a horizontal direction and is an important land-
mark during endoscopic surgery. The location of the anterior ethmoidal artery can be determined in coronal cuts immedi-
ately posterior to the globe, where the medial rectus muscle and superior oblique muscle cross, described as a “nippling” 
from the medial orbital wall. The point at which the anterior ethmoid artery enters the cranial cavity through the vertical 
(or lateral) lamella of the cribriform plate is the thinnest area of the entire skull base [ 53 ]. Posterior to this point, the skull 
base has a horizontal–oblique orientation (when viewed sagittally). Anterior to the anterior ethmoid nerve and artery, the 
skull base slopes upward in a vertical–oblique course. The bone of the skull base in this area is known as the dome of the 

  Fig. 23.9    A sagittal CT scan of normal sinus anatomy 
demonstrates the frontal sinus ( FS ), the hiatus semilunaris 
( stars ), basal lamella ( arrows ), and sphenoid sinus ( S )       
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ethmoid. The space between the dome of the ethmoid posteriorly and the agger nasi cell anteriorly is the frontal recess 
(Fig.  23.10 ).

   There are a number of key anatomic features on CT that the endoscopic surgeon must review in each patient undergoing 
FESS, including:

    1.    The shape and slope of the skull base, especially the angle that the lateral lamella of the cribriform makes with the hori-
zontal portion of the cribriform Plate.   

   2.     The thickness of the skull base, including the presence of congenital or iatrogenic dehiscences of the skull base and 
medial orbital wall.   

   3.    The vertical height of the posterior ethmoid labyrinth relative to the roof of the maxillary sinus in its medial portion, and 
whether an Onodi cell is present. An Onodi cell is a posterior ethmoid cell that has pneumatized into the sphenoid bone 
and/or sinus, in close relation to the optic nerve.   

   4.    The relationship of the sphenoid intersinus septum to the lateral wall structures of the sphenoid (carotid artery and optic 
nerve).   

   5.    The presence of atelectasis of the infundibulum or hypoplasia of the maxillary sinus, which would make inadvertent 
orbital entry more likely.   

   6.    The drainage and ventilation pathway of the frontal sinus, which in most cases is immediately lateral to the attachment of 
the middle turbinate.   

   7.    The presence of an infraorbital (Haller) cell, the partitions of which may need to be excised to ensure adequate drainage 
of the maxillary sinus.     

 It should be emphasized that this is not an exhaustive listing, and the surgeon should thoroughly and carefully examine 
the patient’s CT scan before commencing a sinus surgical procedure. Indeed, it is essential that the surgeon develop a 3-D 
conceptualization of the sinus anatomy, the cells which will be encountered, and the frontal sinus drainage pathway from the 
preoperative scans before attempting surgery in this area. This requires reviewing the scans in a variety of planes and can be 
signifi cantly aided by scrolling dynamically through the CT in multiple directions. The CT scan should also be present in the 
operating room during the surgery in the event the surgeon needs to refer back to it.    

    Instrumentation 

    Endoscopes 

 The use of endoscopes was introduced in otorhinolaryngology in early 1900s [ 54 – 57 ]. In the 1960s, with the development 
of the Hopkins endoscopes, the optical quality and light delivery improved dramatically. Further improvements came over 

  Fig. 23.10    ( a ) Endoscopic view of the anterior ethmoidal arteries ( arrows ) immediately posterior to the opening of the frontal sinus. ( b ) On pre-
operative coronal CT, the location of the vessels is typically identifi ed by “nipples” on the medial orbital wall posterior to the globe ( arrows )       
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the following decades with the introduction of angle endoscopes of 30°, 45°, 70°, 90°, and 120°, in addition to the 0° endo-
scope. Moreover, the endoscopes were manufactured in 4 mm and in 2.7 mm. The Hopkins endoscopes employ true optical 
media with a series of lens rather than fi ber optics, thus enhancing the image quality. The introduction of xenon light also 
contributed to improved overall visualization by increasing the light output with less heat and more energy effi ciency. 

    The senior author primarily utilizes a 30° 2.7-mm endoscope for nasal endoscopy in the offi ce, while using a 0° 4-mm 
endoscope for as much of the procedure as possible in the operating room, before transitioning to a 45° 4-mm for dissection 
along the skull base to the frontal sinus and to visualize the maxillary sinus. The 45° endoscopes have a wider angle of view 
than the 70° scopes facilitating the dissection in the frontal sinus and avoiding multiple changes of endoscopes during the 
procedure.  

    Surgical Navigation 

 Image-guided surgery is a real-time correlation of the surgical fi eld with the preoperative radiologic images. As a result, the 
location of the tip of the surgical instrument is identifi ed in the radiologic images. Image-guided FESS was introduced in the 
1990s [ 58 ] following its development for neurosurgical procedures. Its main advantage is to recognize and avoid the viola-
tion of boundaries of the paranasal sinuses such as the intracranial cavity and the orbit. The use of image-guided surgery is 
not considered standard of care in FESS, but the AAO-HNS identifi es it as useful in the following circumstances: (a) revision 
surgery; (b) distorted anatomy; (c) extensive sinonasal polyposis; (d) involvement of frontal, posterior ethmoid, or sphenoid 
sinuses; (e) disease abutting skull base, orbita, optic nerve, or carotid artery; (f) skull base defect with CSF rhinorrhea or 
encephalocele; and (g) tumors [ 59 ]. Image-guided systems usually require no larger than 2-mm axial cuts on the axial CT 
scan. MRI can also be used but is usually not required in cases of rhinosinusitis. The process of registration then creates a 
rigid correlation between the instrument and the imaging. Once registration is complete, the accuracy needs to be deter-
mined. This is done using various known fi xed landmarks such as the nasal septum, medial and lateral canthus, etc. The 
accuracy usually has a 1.5- to 2-mm error at best and generally deteriorates as the dissection continues posteriorly [ 60 ]. 

 Since the introduction of image-guided surgery, a number of observations have been made. The most important one for 
the surgeon to recognize is that this technology does not replace a thorough knowledge of the anatomy of the nose and para-
nasal sinuses. This cannot be overemphasized. A number of studies have looked at whether the technology reduces the 
incidence of complications [ 61 – 66 ], but such evidence is still lacking. Despite the lack of evidence demonstrating reduced 
complications, a recent study reported that 73 % of otolaryngologists use image-guided surgery when performing FESS and 
the majority of surgeons feel that this technology provides a safer operative fi eld [ 67 ].  

    Powered Instrumentation 

 Over the last three decades, the instrumentation in FESS has evolved signifi cantly with several technological advances. 
Perhaps the most prominent innovation is the microdebrider. Since its introduction in 1994 [ 68 ], the microdebrider has sig-
nifi cantly reduced the surgeon’s reliance on forceps and curettes and increased the ability of the surgeon to preserve the 
mucoperiosteal layer and avoid bone exposure. The microdebrider is made of a hollow shaft with an oscillating inner cannula 
supplied with continuous irrigation and suction. When the inner cannula oscillates, it opens the shaft, leading to suction of 
the soft tissue. The trapped tissue is then cut with the oscillation of the inner cannula and suctioned. The slower the speed of 
the oscillation, the larger the tissue bites. Microdebriders are the preferred instruments for many surgeons because of their 
mucosal-sparing nature, improved precision, and better tissue visualization [ 69 – 71 ]. The minced tissue pieces still preserve 
their histological architecture and have been shown to be equal to piecemeal resection using forceps when examined by a 
pathologist [ 72 ]. There are a number of blade confi gurations that have been developed for the microdebriders. To the initially 
available straight blade were added angled blades to facilitate the reach in areas such as inside the maxillary sinus and the 
frontal recess and sinus. Newer designs allow the blade’s aperture to be rotated on its axis enabling the cutting edge to grasp 
tissue in a 360° angle. Nevertheless, the biggest advantage of this technology is the ability for continuous suctioning of blood 
along with the tissue and bone, signifi cantly improving the view of the surgical fi eld. With conventional suction and forceps, 
the surgeon needs to be constantly alternating the instruments to allow for a safe operation. Despite all the benefi ts, concerns 
have been raised regarding the safety of a powered instrument in such close proximity to the orbit and skull base. Nevertheless, 
there have been relatively few reports of ocular injury and skull base violation [ 73 ,  74 ]. The surgeon needs to be very aware 
that, although uncommon, complications do occur with the use of a microdebrider. When they do occur, the injury can 
develop very quickly and be more devastating. 
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 Endoscopic drills are less commonly used than the microdebrider. However, when signifi cant amount of bone needs to 
be removed, they are often more effective. The drill bits can usually be applied to the same handpiece used for the microde-
brider blades. Like the cutting blades, there are several different designs of drill bits and angles. They have a protective sheet 
that protects the surrounding tissue from the shaft and are equipped with continuous suction and irrigation that helps with 
removing blood and debris. As with otologic drills, diamond drills are less aggressive than cutting burrs, and the number of 
fl utes on the cutting burr will determine how aggressive it is. In FESS, the most important clinical application for endoscopic 
drills is surgery of the frontal sinus [ 75 – 77 ]. A 65° curved suction irrigation drill is very effective in removing the bone 
around the frontal recess and ostium, resecting the nasofrontal break and frontal sinus fl oor, while minimizing additional 
trauma. Other uses of this technology include transsphenoidal approaches to the pituitary gland, decompression of the optic 
nerve and orbit, endoscopic dacryocystorhinostomy, and approaches to the pterygopalatine fossa and lateral recess of the 
sphenoid sinus. 

 Other energy sources are also available for FESS, including coblation and laser. These technologies are more commonly 
used for reduction of inferior turbinates and tumor surgery, but neither of them is routinely used and will not be reviewed 
here.  

    Balloon 

 The concept of balloon dilatation was originally developed in the fi eld of interventional cardiology and subsequently adapted 
to vascular surgery and urology. In 2005, “Balloon Sinuplasty”  TM  was cleared by the FDA [ 78 ] and incorporated into rhinol-
ogy [ 79 ,  80 ] with its use gaining early popularity. The aim of this technology is to restore the sinus drainage through an 
enlargement of the natural ostium. The equipment consists of a sinus delivery catheter, a guide wire, a sinus balloon, and an 
infl ation device. The delivery catheter is positioned at the entrance of the target sinus (different sinuses have specially 
designed catheters with appropriate length and angle for that sinus), the guide wire is passed through the catheter into the 
sinus, and the position is confi rmed by transillumination. The balloon is then passed around the guide wire and fi nally 
infl ated to a high pressure of up to 16 atm [ 81 ]. In this manner, rather than excising the infl amed mucosa and underlying 
bone, the balloon compresses the mucosa and fractures the bone. Most of the literature to date has been limited to accessing 
the feasibility and safety of the device or are case series without a control group [ 80 ,  82 – 87 ]. One retrospective chart review 
[ 81 ] evaluated patients that were offered traditional FESS versus balloon dilatation and compared the outcome at the end of 
3 months in terms of symptom improvement, patient satisfaction, postoperative narcotic use, and cost. The authors found 
similar symptom improvement between the two interventions, although a higher overall patient satisfaction was seen with 
the balloon procedure. To our knowledge, there is only one study that is a prospective randomized controlled trial that com-
pared FESS with traditional frontal sinus dissection (Draf 1 or 2a procedures) with a hybrid procedure of FESS with balloon 
dilatation of the frontal sinus [ 88 ]. This study reported a signifi cant improvement in both groups with no difference in out-
comes between the two different interventions using radiologic grading and quality-of-life questionnaires. Nevertheless, 
a recent Cochrane Review [ 89 ] concluded that, to date, there is still a lack of evidence to support the routine use of balloon 
dilatation. 

 Although there have been some very enthusiastic proponents for balloon dilatation, other authors expressed concern that 
the procedure does not address the localized tissue infl ammation and therefore the potential for recurrent or persistent dis-
ease. As much as 53 % of patients with CRS will have underlying osteitis [ 90 ]. Additionally, the infl amed mucosa will also 
be retained after dilatation, potentially perpetuating the infl ammatory cycle [ 91 ]. Finally, there is risk of re-pneumatization 
of the surrounding cells [ 92 ] and the still unknown effect of the balloon on the crushed ostium mucosa. Nevertheless, balloon 
dilatation may yet play a more signifi cant future role, particularly when combined with the use of drug-eluting implants in 
cases of isolated disease particularly of the sphenoid and frontal sinuses.  

    Drug-Eluting Implants 

 The concept of placing stents into the sinuses is not a new idea. This technology has not been successful to date when applied 
to sinus surgery. However, bioabsorbable stents, which slowly release drugs over time, have been recently developed for the 
sinuses. A chitosan-based semirigid stent that eludes dexamethasone over 15 days has been shown to reduce postoperative 
osteoneogenesis and stromal proliferation [ 93 ,  94 ]. An FDA-approved ‘polylactide-co-glycolide implant that elutes mometa-
sone has been marketed and has demonstrated reduced mucosal infl ammation, less necessity for postoperative interventions, 
and decreased scarring in double-blind studies [ 95 ,  96 ]. In the longer term, this technology may be utilized for other 
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anti- infl ammatory agents creating new topical therapy options and signifi cantly increasing the benefi t of minimal surgical 
intervention or balloon dilatation. Additionally, it may prove to be an alternative to surgical therapy in the previously oper-
ated upon patient.   

    Surgical Technique 

 FESS aims to remove the key areas involved in sinus disease while preserving mucosa and restoring normal physiology to 
the sinonasal tract. The goals include restoration of drainage, removal of polypoid mucosa and osteitic bone, as well as creat-
ing a cavity, which can be accessed by topical intranasal therapy. Accordingly, FESS addresses primarily ethmoid disease 
and secondarily the maxillary, sphenoid, and frontal sinuses. The surgical technique will be discussed below. 

 As noted previously, the patient’s CT scan should be on display in the operating room, and the surgeon should thoroughly 
review the radiographic fi ndings. The anatomy of the ethmoid labyrinth should be carefully evaluated to the point that the 
surgeon could create a three-dimensional picture of the anatomy of the cells and its relations to the maxillary, sphenoid, and 
particularly the frontal sinuses. Anatomic variations, such as concha bullosa, intraorbital (Haller) cells, and sphenoethmoidal 
(Onodi) cells, must be noted in order to gain access to diseased areas effectively and safely. If the patient has had previous 
sinus surgery, the integrity of the skull base and orbital wall must be noted to avoid a potential complication. Two additional 
areas of importance are the lateral lamella of the cribriform plate and the vertical height of the posterior ethmoid sinus. The 
lateral lamella of the cribriform varies both in its vertical height and the angle at which it meets the horizontal lamella of the 
cribriform plate. Surgical trauma to this area is more likely if this angle exceeds 90°. Another area where the skull base may 
be violated and CSF leak may occur is in the posterior ethmoid. This is probably because the skull base slopes slightly down-
ward (inferiorly) in this region. For this reason, the surgeon should carefully note the height of the posterior ethmoid relative 
to the maxillary sinus before surgery. This is the distance on the CT from the roof of the maxillary sinus at its posterior wall 
(where the basal lamella inserts) to the roof of the posterior ethmoid sinus (Fig.  23.11 ).

   The nasal cavities are fi rst decongested with a topical oxymetazoline, and then either topical cocaine or 1:1,000 adrenaline 
is applied under endoscopic visualization. It is important to leave the topical decongestant in place for suffi cient time to get 
maximal decongestion. While topical decongestion is taking effect, a transpalatal sphenopalatine block may be performed 
trans-orally through the greater palatine foramen. The lateral nasal wall may then be injected with local anesthetic (1 or 2 % 
lidocaine with epinephrine 1:100,000). Injection sites are placed out of the direct path of the scope, so bleeding onto the 
scope lens will be minimized. Typical injection sites include the agger nasi (above the anterosuperior attachment of middle 

  Fig. 23.11    Coronal CT scan demonstrating the height of the skull base at the level of posterior ethmoid sinus in comparison to the vertical height 
of the maxillary sinuses. ( a ) Normal posterior ethmoid vertical height. ( b ) Low posterior ethmoid roof, which was not recognized by the surgeon 
preoperatively and resulted in bilateral intracranial injury       
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turbinate), the anterior portion of the uncinate process (at the superior attachment of the inferior turbinate), and, if possible 
depending on the extent of disease, the inferior basal lamella of the middle turbinate where it attaches to the medial orbital 
wall. In the occasional situation where resection of any portion of the middle turbinate is planned, it is then injected in its 
anteromedial and inferior region. Waiting 5–10 min at this point will result in improved hemostasis for the rest of the case. 

 The 0° telescope is used at the outset and for as much of the dissection as possible, since there is less distortion than with 
angled scopes. Initially, the procedure is performed inferiorly in an anterior-to-posterior direction. In revision cases where 
normal landmarks are missing, starting posteriorly at the sphenoid ostium region and working forward anteriorly may facili-
tate safe dissection in some instances. It may be necessary fi rst to medialize the middle turbinate gently with a Freer or Cottle 
elevator to expose the uncinate process. If a concha bullosa is present, a vertical incision is made down the anterior face of 
the middle turbinate, and the lateral lamella of the concha is resected. If either purulent secretions or suspicious-looking tis-
sue is seen at any time throughout the operation, appropriate cultures or frozen section biopsies are taken. The key fi rst 
landmark is identifi cation of the medial orbital wall. 

 The fi rst, and perhaps the most important, step of the procedure is the uncinectomy. This can be accomplished in a variety 
of ways. Our preference is to fi rst palpate the infundibulum with the ball-tip sinus seeker, identifying the position of the 
ostium of the maxillary, and then gently outfracture the uncinate process medially, enlarging the hiatus semilunaris and the 
infundibulum. Subsequently, a backbiting forceps is introduced into the middle meatus with the blade oriented cranially and 
then rotated laterally in order to penetrate the infundibulum. Once the blade is engaged in the infundibulum, one or two bites 
should suffi ce to reach the insertion of the uncinate. The remaining parts of the uncinate are removed either with the micro-
debrider or a straight through-cutting forceps. This step can include the posterior fontanelle of the maxillary sinus thus 
enlarging the ostium or this can be done subsequently. The cranial portion of the uncinate can also be removed with the 
microdebrider or a 90° upbiting pediatric Blakesley forceps. Alternatively, the uncinectomy can be performed with a sickle 
knife, starting superiorly in the groove where the uncinate joins the lateral nasal wall. Care should be taken not to make this 
incision too anterior, since the thicker tissue of the lateral nasal wall in this region will bleed excessively and the bone of the 
lateral nasal wall will be denuded. There is also some risk of orbital injury with this incision when the uncinate process is 
lateralized. As the incision is carried inferiorly, the surgeon should attempt to defl ect the uncinate bone medially with the 
knife, bringing it away from the lateral wall so as to avoid abrading the root of the inferior turbinate, as well as making its 
removal with a straight forceps easier to accomplish. Since the uncinate is a crescent-shaped structure that curves posteriorly 
in its inferior aspect, the uncinectomy incision must also be carried more posteriorly in this region. The uncinate process is 
then removed with a Blakesley-Weil    forceps. It should be grasped superiorly and the forceps rotated so that the remnant of 
superior uncinate mucosa will not be pulled away from the lateral nasal wall (clockwise on the left side, counterclockwise 
on the right). Should the incision be carried too far laterally, orbital fat may be exposed. Should this occur, the surgeon must 
not traumatize the fat, since this could lead to bleeding within the orbit and possibly orbital hematoma. The surgeon should 
briefl y discontinue the dissection and examine the patient’s eye. If no orbital complication is apparent, the surgeon may 
proceed with further dissection posterior to the herniated orbital fat, taking great care not to induce further trauma to that 
region. The herniated fat may be bipolar cauterized if it prolapses into the visual fi eld. 

 The uncinectomy exposes the ethmoid infundibulum and ethmoid bulla. The natural ostium of the maxillary sinus may or 
may not be visible with a 0° scope at this point, and the middle meatal antrostomy can be deferred until later in the case after 
the surgeon has changed to a 30° or 45° endoscope. The ethmoid bulla is penetrated with a straight forceps or the short 
J-curette, and its entire bony wall is removed (Fig.  23.12 ). Dissection should extend to the medial orbital wall along the lat-
eral aspect of the ethmoid cavity. Other smaller and less consistently found cells may be present, and their partitions are taken 
down to reveal the basal lamella. The easiest location to identify the basal lamella is by following the inferior margin of the 
middle turbinate posteriorly. The basal lamella should be penetrated at a suffi ciently high level to leave an adequate inferior 
strut (thus preventing collapse of the middle turbinate against the medial orbital wall) but at a level suffi ciently low to avoid 
traumatizing the skull base (Fig.  23.13 ). This level roughly corresponds to the roof of the maxillary sinus. Septations and 
diseased mucosa in the posterior ethmoid are removed. The dissection should be along the medial orbital wall, while leaving 
the mucosa on the skull base and orbital wall intact.    Microdebrider and through-biting or through-cutting instruments can 
facilitate this in such a way that mucoperiosteal stripping is avoided and bone exposure minimized, so that less healthy 
mucosa is inadvertently pulled away than what occurs with traditional ethmoid forceps. Care must be exercised when dis-
secting along the lateral aspect of the posterior ethmoid area, since the bony canal housing the optic nerve is occasionally 
dehiscent in this area. The last (most posterior) cell of the posterior ethmoid cavity typically has a pyramidal confi guration, 
with the apex pointing posterosuperiorly toward the optic nerve. In contrast to the relative concavity of this posterior ethmoid 
cell, the anterior wall of the sphenoid sinus typically is convex and bulges somewhat anteriorly.

    Once the posterior ethmoid dissection is completed, the position of the superior turbinate is determined. It is located medi-
ally within the posterior ethmoid cavity and may have one of three confi gurations: (1) existing as a free-standing turbinate 
separate from the true posterior ethmoid cells; (2) pneumatized similar to a concha bullosa; or (3) existing as a single lamella 
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of bone, but forming the medial wall of a posterior ethmoid cell. In this latter case, the superior turbinate will have a hori-
zontal lamella, situated just posterior to the basal lamella, which articulates with the medial orbital wall. Identifying the 
anterior face of the superior turbinate is useful at this point and this is best achieved with a ball-tipped seeker, so as to identify 
the superior meatus from within the ethmoid sinus. The inferior portion of the superior turbinate is then removed if the sphe-
noid sinus is to be entered, and this leads the surgeon directly to the sphenoid ostium. The natural ostium of the sphenoid is 
located just medial to the superior turbinate, between the turbinate and the septum. The sphenoid can then be safely entered 
once the ostium is identifi ed. The anterior sphenoid wall is removed, usually with a rotating sphenoid punch, being careful 
so that the mucosa on the inner aspect of the wall does not prolapse back into the sinus. The size of the sphenoidotomy 
depends in part on the presence and extent of disease. The surgeon should keep in mind that even when there is no overt 
sphenoid disease, blood and secretions will accumulate in the sinus postoperatively. The sphenoidotomy should therefore be 
large enough for the surgeon to gain access for suctioning and debridement in the postoperative period and should commu-
nicate with the sphenoid natural ostium. The lateral wall of the sphenoid sinus should never be manipulated so as to avoid 
injury to the optic nerve and carotid artery. 

 After dissection of the sphenoid sinus, the surgeon will then proceed to skeletonize the skull base from posterior to anterior. 
The easiest area to identify is at its junction with the anterior wall of the sphenoid sinus. From this point, the dissection is 

  Fig. 23.13    Endoscopic view during ethmoidectomy on the left 
side of the nose demonstrating the skull base ( arrow ) and the 
medial orbital wall ( star )       

  Fig. 23.12    Endoscopic view of using a J-curette to initiate 
opening of the ethmoidal bulla on the left side of the nose (0° 
telescope)       
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carried forward (anteriorly) along the skull base, with either the 30° or 45° scope. Although the posterior ethmoid neurovas-
cular bundle is not reliably seen, the anterior ethmoid artery and nerve can usually be seen in a bony canal coursing across the 
skull base more anteriorly. Dissection in this superomedial aspect of the ethmoid cavity must be performed with the utmost 
caution, since the skull base is thinnest and risk of CSF leak greatest in this region. Dissection is performed with the 45° upbit-
ing forceps and through-cutting punches. The forceps are used to palpate behind the bony partitions fi rst, and after confi rming 
that it is indeed a bony partition, the bite is taken. This avoids biting on the skull base and thus markedly reduces the risk of a 
CSF leak. Polypoid tissue can be removed with caution along the skull base using a straight or curved microdebrider blade. 
This is done slowly, allowing the tissue to get sucked into the shaft and then the blade rotated. Continuing the dissection for-
ward, just anterior to the anterior ethmoid artery, the skull base turns upward where it is known as the dome of the ethmoid. 

 Anterior to the dome of the ethmoid are the septations and spaces of the frontal recess. The mucosa in this area should be 
maximally preserved to prevent frontal recess stenosis. However, some dissection is usually necessary to visualize ade-
quately the true ostium of the frontal sinus. The Kuhn-Bolger frontal recess curette and various through-cutting giraffe-style 
forceps are used in this area (Fig.  23.14 ). The location of the frontal ostium will depend on the superior insertion of the 
uncinate process and should have been identifi ed on the CT scan. It can be confi rmed with a malleable probe and is usually 
medial and anterior in the superior-most reaches of the frontal recess (Fig.  23.15 ). Openings located more laterally toward 
the lamina papyracea usually correspond to supraorbital ethmoid cells. Every attempt is made to avoid traumatizing the 
mucosa around the frontal ostium. Osteitic bony partitions are fractured and meticulously removed with small through- 
cutting instruments. Loose mucosa may be gently removed with a curved microdebrider; however, grossly diseased mucosa 
in this area will often normalize once ethmoid disease is eradicated.

    A 45° or 70° endoscope is then rotated to look laterally toward the area of the natural ostium of the maxillary sinus 
(Fig.  23.16 ). Any residual uncinate process that remains will prevent adequate visualization of the ostium and requires 
removal, usually with a backbiting forceps. The true ostium of the antrum is located far anteriorly, so that other more easily 
visualized openings along the medial wall of the sinus most likely represent accessory ostia. The tissue posterior to the natu-
ral ostium is the posterior fontanelle, which can be removed when it is necessary to create a large antrostomy with through- 
biting instruments. The posterior extent of such cuts is variable and can go as far back as the posterior wall of the maxillary 
sinus, formed by the ascending process of the palatine bone. Ideally, antrostomy should permit passage of a curved suction 
tip for postoperative care, but the size of the antrostomy is probably secondary in importance to ensuring that it communi-
cates with the natural ostium. Care must be taken not to injure the nasolacrimal duct, situated anterior to the natural ostium 
of the maxillary sinus. In general, the bone overlying the duct is thicker and less easily traumatized.

   The dissection is considered complete after the antrostomy is performed. A last look with the 0° scope to suction blood 
and a fi nal inspection of the ethmoid cavity are suggested, and any loose bone fragments are removed. Packing is avoided, 
but a Merocel TM  (Medtronic Xomed   , Jacksonville, Florida) middle meatal sponge is frequently placed for 24 h to hold open 
the middle meatal space and tamponade any oozing. When the patient has signifi cant polyposis or mucosal hypertrophy, 
a steroid-eluting implant is a realistic consideration.  

  Fig. 23.14       Endoscopic view during left-sided ethmoidectomy 
and frontal sinusotomy (45° telescope) demonstrating the use 
of a giraff e side to side forceps to remove any residual 
intercellular partition. Th e bone is fractured but not removed 
by the forceps, so as to avoid mucosal stripping. Th e fragment is 
subsequently teased out with a suction or curved probe. Th e 
dome of the ethmoid can be visualized ( star )       
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  Fig. 23.15    Endoscopic view of probe at the frontal recess and the image-guidance system CT scan confi rming the position of the probe. The 
frontal sinus can now be visualized anterolaterally ( arrow )       

  Fig. 23.16    View of the left maxillary sinus with a 45° telescope demonstrating an iatrogenic opening in the posterior fontanelle and the natural 
ostium of the maxillary sinus anteriorly. ( a )    Backbiting forceps has been introduced to remove the remaining bridge of tissue. ( b ) Endoscopic view 
of the maxillary sinus after the natural ostium of the maxillary sinus has been included in the antrostomy. Note the sharp angle to the antrostomy 
anterosuperiorly ( arrow )       
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    Postoperative Management 

 Postoperative management is critical for endoscopic sinus surgery for CRS, because persistent infl ammation following sur-
gery is the rule, even though it is frequently asymptomatic. The sponges are removed on the fi rst postoperative day and nasal 
endoscopy is performed. Blood is suctioned and any loose bone fragments are removed. During the early postoperative 
period (the fi rst 4–6 weeks), the patient returns on a weekly basis for endoscopic examination and, when necessary, debride-
ment. This is performed in the offi ce setting, in most cases only under topical anesthesia. Typically, blood, mucus, clots, and 
fi brinous material are suctioned from the ethmoid cavity, sphenoid, and maxillary sinuses for the fi rst 2–3 weeks. Occasionally, 
loose pieces of ethmoid bone become apparent that may have been overlooked during surgery and should be removed with 
a forceps. This is especially important in the frontal recess, where such bony chips can become osteitic and promote infl am-
mation and stenosis. Eschar, persistently infl amed mucosa, and new scar are removed when present. Any residual osteitic 
bone is removed. Careful attention to the surgically created sinusotomies is mandated to prevent stenosis and ensure an 
optimal long-term result. Further along in the postoperative period, the patient returns intermittently for routine examination 
(Fig.  23.17 ). Since signifi cant ethmoid disease can be present well before it causes symptoms [ 29 ], minor manipulations in 
the offi ce aimed at removing minimal disease can spare the patient major revision surgery.

   The patient typically is kept on medical therapy in the early postoperative period until mucosal healing is complete, granu-
lation tissue resolves, and no blood or mucus can be suctioned from any of the sinuses (Fig.  23.18 ). This includes a combina-
tion of oral steroids, antibiotics, and nasal irrigations. Topical administration of medication has the benefi t of minimizing 
systemic effects while depositing the drug locally and providing sinus lavage at the same time. Studies have demonstrated 
that nasal sprays and nebulizers deposit drugs mostly in the anterior portion of the nasal cavity with only 2 % of the volume 
irrigated reaching the sinus mucosa in patients with CRS [ 97 ]. FESS has the additional benefi t of greatly optimizing topical 
drug delivery into the sinuses, with a minimum ostium size of 4 mm required to begin seeing the penetration of the irrigation 
solution [ 98 ]. However, large volume irrigation with devices such as the Neti Pot™ (Himalayan Institute, Honesdale, PA) or 
squeeze bottle appears to have the best penetration, most likely as a result of the larger volume of irrigant and higher pressure 
[ 99 ]. A recent cadaver study demonstrated that larger ostia after surgery results in greater sinus distribution of irrigants and 
sprays within the sinuses. This result is even greater after medial maxillectomy [ 100 ]. Postoperative medication administra-
tion becomes an important consideration since it is estimated that 5–37 % of topically delivered drugs will actually be 
absorbed by the mucosa, with the remaining being removed by mucociliary clearance [ 101 ].

   The extent of postoperative medical therapy is predicated upon the extent of the disease present. The goal is to return the 
mucosa within the cavity to normal and to avoid subsequent recurrences. In patients with minor disease, this may require 
minimal postoperative therapy. On the other hand, in patients with aspirin-exacerbated respiratory disease (AERD) or 

  Fig. 23.17    ( a ) Endoscopic view with a 30° telescope of a postoperative ethmoidal cavity 3 weeks postoperatively in a patient who had moderate 
nasal polyposis preoperatively. ( b ) A Propel  TM  mometasone-eluting stent was placed at the end of surgery ( arrows ). The polypoid mucosa has 
resolved and the cavity appears to have essentially normal mucosa ( MS  maxillary sinus,  MT  middle turbinate,  SB  skull base,  FR  frontal recess)       
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allergic fungal sinusitis (AFRS), medical therapy is likely to be prolonged or even lifelong. Since persistent infl ammation in 
the early postoperative period is usually asymptomatic, careful endoscopic follow-up is required in all cases and prolonged 
for extensive disease, AERD, and AFRS. The most sensitive clinical indicator of recurrent or persistent infl ammation post-
operatively is probably a decrease in olfaction. 

 Serial endoscopic examinations enable the physician to respond to objective disease and tailor appropriate medical ther-
apy to the patient. The need for long-term endoscopic follow-up cannot be overemphasized. Since FESS removes disease 
without changing the underlying inciting or precipitating factors, patients suffering from chronic sinus disease are at risk for 
developing recurrences with exposure to viruses, allergens, pollutants, and so on. Thus, patients may require reintroduction 
of more potent topical steroid therapy (budesonide 0.5 mg in 200 cc saline irrigation), short courses of oral steroids, or inter-
mittent courses of culture-directed antibiotics in the months to years following surgical intervention. Localized mucosal 
disease within the ethmoid cavity and dependent sinuses can be identifi ed early and managed in the offi ce under topical 
anesthesia in the majority of cases. Long-term endoscopic follow-up should therefore prove cost-effective in managing the 
chronic sinus patient, reducing the need for prescription medications and further surgery, decreasing morbidity from the 
disease, increasing patient productivity, and improving quality of life. Our experience has demonstrated that, over time, the 
mucosal infl ammation and mucosal reactivity do indeed slowly settle down with a combination of surgery and prolonged 
medical therapy, although this is less reliably achieved in AERD and AFRS. We have previously demonstrated that at nearly 
8 years post surgery, the majority of patients have a marked improvement in their symptoms, both in terms of their nose and 
in terms of their asthma, and are taking less medication [ 27 ].  

    Outcomes 

 It has been well documented that the combination of a thorough surgical intervention and aggressive postoperative care can 
have profound long-term benefi ts on CRS and asthma with long-term reductions in medical therapy [ 102 – 104 ]. Results 
indicate an 82–97 % symptomatic improvement rate within 1–2 years following FESS. Our own studies have demonstrated 
that clinical improvement is maintained for up to 8 years following surgery with appropriate postoperative care [ 27 ,  29 , 
 105 – 107 ]. Khalid demonstrated that FESS was effective in improving the general health status more than 3 years after sur-
gery, with the scores on the SF-36 quality-of-life questionnaire returning to the levels of general population [ 108 ]. Bradley 
found a signifi cant reduction in the scores using the SNOT-20 questionnaire as early as 3 months postoperatively, an effect 
that persisted after 1 year. Other studies also demonstrated improvement in olfaction [ 109 ], bodily pain [ 110 ], asthma [ 111 ], 
and fatigue [ 112 ] as a result of FESS intervention. 

  Fig. 23.18    Postoperative endoscopic view of a 
sphenoethmoidal cavity with complete mucosal healing. 
The middle turbinate ( MT ) had been largely removed in a prior 
surgical procedure. The skull base ( SB ) and the frontal sinus 
( arrow ) are well visualized.  OW  orbital wall          

 

M.B. Antunes and D.W. Kennedy



445

 However, patient symptom improvement does not always correlate well with resolution of mucosal disease. Kennedy 
found approx 45 % of patients exhibited some evidence of mucosal disease at a mean of 18 months after FESS, despite excel-
lent subjective results [ 29 ]. The frontal recess was the most common site of persistent disease. The only signifi cant factor that 
was found to be predictive of surgical prognosis was the preoperative extent of disease determined by CT scan. These fi nd-
ings highlight the importance of close endoscopic follow-up in the postoperative period. Postsurgical evaluation of results 
based only on patient symptomatology and anterior rhinoscopy is unreliable and should be abandoned. If late symptomatic 
recurrence is to be minimized, meticulous postoperative endoscopic evaluation to identify and treat objective disease is 
mandatory.  

    Complications of Surgery 

 The most common complication of endoscopic sinus surgery is disease recurrence.    As noted above, persistent infl ammation 
is the post-surgery rule for CRS, and it needs to be managed with appropriate medical therapy. Even so, recurrent symptom-
atic disease may occur over time in up to 20 % of patients requiring revision surgical intervention. Infl ammation, which is 
poorly managed in the early postoperative period, frequently leads to worsening of disease and possibly even to “nasal 
cripples.” It should be remembered that when endoscopic sinus surgery is performed, it opens up virgin mucosa to the same 
environmental factors that may have been involved with the initial generation of disease. Endoscopic follow-up and appropri-
ate medical and environmental management are thus essential. Additionally, the combination of infl ammation and surgical 
trauma may lead to scarring, sinus obstruction, and the eventual development of a mucocele. 

 Infection and bleeding may also occur following surgical intervention. Other more serious complications are much 
less common. The incidence of CSF leak lies between 0.1 and 0.5 % of surgical interventions and, in most cases, can be 
closed with a simple mucosal graft at the time of surgical intervention. However, appropriate postoperative measures are 
required to avoid a renewed leak while the graft is healing in place. The incidence of orbital complications is also said to 
be in the region of 0.1–0.5 % with the most common being an orbital hematoma. Typically, this occurs as a result of injury 
to the anterior ethmoidal neurovascular bundle and associated intraorbital bleeding. The rapid rise of intraorbital pressure 
created from such a bleed requires emergency management if the risk of visual loss is to be minimized. Occasionally, 
direct trauma may also occur to the medial rectus muscle or even to the optic nerve. However, such injuries are 
uncommon.     
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    Chapter 24   
 Controversies in the Surgical Management of Chronic Rhinosinusitis 

                Samuel     Jayaraj       and     Peter     James     Andrews    

           Introduction 

    Chronic rhinosinusitis    is common, has a signifi cant impact on quality of life and productivity [ 1 ] and may lead to intracranial 
or orbital complications. The primary treatment strategies involve lifestyle changes and environment modifi cations followed 
by medical treatment comprising of numerous classes of pharmaceutical products often used in combination. These pharma-
ceutical products are developed at great expense. The heavy investment required in their development and meeting compliance 
with pharmaceutical regulatory authorities around the world necessitates marketing to ensure that knowledge of the product is 
widely disseminated to patients who may benefi t. There is a good scientifi c basis behind these pharmaceutical products and 
supportive evidence behind their effi cacy and safety when used for patients with appropriate indications. Placebo-controlled, 
double-blind randomised controlled trials are commonly constructed to determine the best treatment regimen for different 
clinical problems. Please refer to Chaps.   19     and   20     for a more in-depth discussion of the medical treatment of rhinosinusitis. 

 Surgical treatments for chronic rhinosinusitis are generally reserved for those patients who have failed to respond to medi-
cal intervention [ 2 ,  3 ]. Sometimes, the surgery is directed towards improving access or penetration of medical treatments. 
Other times, surgery is designed to correct structural issues that may be contributing to the disease process or lack of success 
of medical treatment. In some circumstances, particularly when there is focal sinus disease present, surgery is easily curative 
when directed at local infl ammatory disease. Sometimes, surgery may be destructive in nature when directed towards the 
removal or ‘debulking’ of nasal/sinus polyposis (Chaps.   22     and   23    ). 

 Surgery for chronic rhinosinusitis is highly varied in method. It may be through an endonasal approach or external 
approach; it may involve powered instrumentation, lasers and coblation, or hand instruments; it may require image guidance 
technology and advanced robotics technology; and it may involve minimally invasive techniques such as balloon technolo-
gies and drug-eluting stents (see Chap.   22    ). Some of these techniques might be considered by some surgeons and patients as 
being quite exciting, glamorous, groundbreaking and innovative. These are emotive descriptions which are headline grab-
bing, but are they really suited in the practice of medicine and surgery? As patients’ expectations rise, there is a drive towards 
not only effi cacious surgical interventions but also interventions that are safer with less morbidity and less ‘downtime’ for 
patients. Key questions that need to be addressed as we develop new innovative techniques are as follows:

•    Do these new innovative treatments actually work?  
•   Do more established surgical techniques that have been widely adopted actually work?  
•   How do we know?  
•   What is the current evidence for established surgical intervention in chronic rhinosinusitis?    

 This chapter is entitled ‘Controversies in the Surgical Management of Chronic Rhinosinusitis’. A controversy can be 
defi ned as a prolonged public dispute, debate or contention and a disputation concerning a matter of opinion. More emotive 
defi nitions include strife or argument. Generally, controversies arise when something has not been conclusively proven. 
When there is controversy, there is unresolved debate or difference of opinion. 
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 In this chapter, we intend to look at the issues surrounding evidence-based surgical practice, the diffi culties that lie in this 
arena and the controversies amongst surgical treatments and tools used in the surgical management of chronic rhinosinusitis. 
We will also touch on the role of the regulatory authorities, the adoption of new technologies and their role as a marketing 
tool. This chapter itself may be considered controversial as the topics covered include the authors’ opinions as well as level 
5 evidence (Centre for Evidence-Based Medicine, Oxford). In some ways, the choice of topics lacks a critical evidence basis, 
and they are chosen according to the authors’ experience and interpretation of the evidence. However, the authors make no 
apology for this! We have taken the liberty of choosing those issues we think are controversial in the surgical management of 
chronic rhinosinusitis. Specifi cally, we will be critically reviewing FESS, the role of external approach sinus surgery, the role 
image guidance surgery, middle turbinate resection, balloon sinuplasty and surgery for paediatric chronic rhinosinusitis.  

    Evidence-Based Surgical Practice 

 Evidence-based health care is the conscientious use of current best evidence in making decisions about the care of individual 
patients or the delivery of health services [ 4 – 7 ] (Table  24.1 ). Current best evidence is up-to-date information from relevant, 
valid research about the effects of different forms of health care, the potential for harm from exposure to particular agents, 
the accuracy of diagnostic tests and the predictive power of prognostic factors. Evidence-based clinical practice is an 
approach to decision-making in which the clinician uses the best evidence available, in consultation with the patient, to 
decide upon the treatment option that suits that patient best. The practice of evidence-based medicine means integrating 
individual clinical expertise with the best available external clinical evidence from systematic research.

   Surgical interventions may be developed after anatomical and pathophysiological research. Safety is then assessed and 
case studies and case series undertaken followed by case-controlled studies and cohort studies. However, observational data 
without a control population may be open to prejudice. Observational studies may be tainted by data dredging, confounding 
and bias, and, therefore, verifi cation is needed through a randomised controlled trial. Surgical interventions based solely on 
observational data must be carefully and critically scrutinised. Ultimately, the effectiveness of an intervention has to be 
judged relative to a matching non-intervention control population. The gold standard for any procedure remains the ran-
domised controlled trial (RCT). 

 Once a number of randomised controlled trials have been concluded, it is possible to perform a meta-analysis. This is a 
systematic method that uses statistical techniques for combining results from different studies to obtain a quantitative esti-
mate of the overall effect of a particular intervention or variable on a defi ned outcome. A meta-analysis produces a stronger 
conclusion than can be provided by any individual study.  

    Evidence-Based Surgery 

 There is generally a perceived defi ciency of the evidence base in surgical specialities, especially when compared to medical 
specialities. There are particular features of surgery as a discipline and the very nature of surgical intervention that pose 
problems for randomised controlled trials. Many of the conditions treated by surgery are of an anatomical, structural or 
mechanical nature, and the superiority of the mechanical solution offered by surgery over nontreatment is self-evident. In 
many surgical scenarios, the benefi ts are so clear that one would consider a trial unethical or insensible. 

   Table 24.1    Levels of evidence   

 Levels  Evidence 

 1a  Systematic reviews (with homogeneity) of randomised controlled trials 
 1b  Individual randomised controlled trials (with narrow confi dence interval) 
 1c  All or none randomised controlled trials 
 2a  Systematic reviews (with homogeneity) of cohort studies 
 2b  Individual cohort study or low-quality randomised controlled trials (e.g. <80 % follow-up) 
 2c  ‘Outcomes’ research; ecological studies 
 3a  Systematic review (with homogeneity) of case-control studies 
 3b  Individual case-control study 
 4  Case series (and poor-quality cohort and case-control studies) 
 5  Expert opinion without explicit critical appraisal or based on physiology, bench research or ‘fi rst principles’ 
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 Surgery is a skilled, multistep process, which makes RCT designs diffi cult to deliver in surgical studies. There is a learn-
ing process in every new operation, even for a fully trained surgeon unfamiliar with the particular procedure. Serious bias 
can easily be introduced if this is not acknowledged and measured or eliminated, especially for trials of new versus older 
procedures. There may also be inherent variation in the way in which a surgical procedure is performed by each different, 
individual surgeon, and this cannot be eliminated. For example, the terminology ‘functional endoscopic sinus surgery’ 
(FESS) could be used by some surgeons to indicate surgery confi ned to the middle meatus or anterior ethmoid sinuses only 
whereas other surgeons may use the term when they fully clear the entire paranasal sinuses (‘full house’ FESS). Therefore, 
it may be appropriate to stratify surgical trials by surgeon. Good surgical quality control means having valid objective mea-
sures which can demonstrate that an operation has been carried out according to predefi ned principles. 

 The study group in surgical RCTs involves patients who themselves may be a heterogeneous group, and this increases 
error and bias with regard to their inclusion and outcome assessment measurements. In any study of surgical procedures, 
researchers are constantly asking ‘are we comparing like with like, or apples with pears?’ (Fig.  24.1 ).

   For example, in studying surgical interventions in chronic rhinosinusitis, have the patients been carefully stratifi ed by 
defi ning those patients with or without allergic disease, those with or without nasal polyposis, those with or without nonste-
roidal anti-infl ammatory intolerance or those with or without immune defi ciency as the primary or an associated aetiology? 
Much of the cynicism expressed by surgeons about RCTs stems from their concern about this inability of crude designs to 
acknowledge the critical importance of surgical skill in defi ning surgical outcome. Large variations in outcome may be 
observed between surgeons performing similar operations in the same population. The very nature of surgical intervention 
may make it diffi cult if not impossible to eliminate bias and lack of blinding of both the patient and the surgeon that is 
required in effective and accurately performed RCTs. 

 Despite all these diffi culties, we should continue to strive for more RCT evidence. However, it will take years to obtain 
adequate RCT evidence of surgical procedures in chronic rhinosinusitis if indeed this is ever possible. The gold standard 
RCT comparing sinus surgery with maximal medical treatment can probably only be achieved through a multicentre multi-
year study. Until then, we must make the best efforts we can to analyse the available evidence from available largely nonran-
domised published studies. This includes determining the quality of the nonrandomised studies, which tend to be plentiful in 
surgery, to assess if they are well researched and validated. At the same time, there is an urgent need to develop a system of 
description that makes estimating the effi cacy of a treatment based on the best data, together with an estimate of the relative 
quality of the evidence. 

 The lack of an RCT for a particular intervention does not mean it does not work or have a place in the treatment options. 
In place of the current lack of RCTs, it is necessary to evaluate what evidence we do currently have to guide informed 

  Fig. 24.1    Comparing apples and pears          

 

24 Controversies in the Surgical Management of Chronic Rhinosinusitis



452

decisions, but this allows controversy to enter into the debate. In the absence of RCTs, the justifi cation of a surgical interven-
tion is based on common sense, logical analysis and surgeons’ experience and expertise interplaying with published guide-
lines from learned bodies and institutions. An entertaining spoof on the diffi culties physicians, especially surgeons, face with 
regard to evidence-based practice was published in the British Medical Journal in 2003 by Smith and Pell. These authors 
looked at the evidence base behind parachutes preventing death during free fall: ‘Parachute use to prevent death and major 
trauma related to gravitational challenge: systematic review of randomised controlled trials’ [ 8 ]. 

 The article concludes as follows:

   Conclusions:  As with many interventions intended to prevent ill health, the effectiveness of parachutes has not been subjected to rigorous 
evaluation by using randomised controlled trials. Advocates of evidence based medicine have criticised the adoption of interventions evalu-
ated by using only observational data. We think that everyone might benefi t if the most radical protagonists of evidence based medicine 
organised and participated in a double blind, randomised, placebo controlled, crossover trial of the parachute. 

       Surgical Regulation 

 Surgical disciplines around the world largely self-regulate themselves with trusted bodies and organisations interplaying with 
self-interest health-care groups, patient groups, political groups and medical indemnity organisations. Various regulatory 
bodies around the world are responsible for monitoring and assessing new treatments, drugs and medical devices and for 
providing treatment guidance documents. In the United States (and Puerto Rico, Guam, the Virgin Islands, American Samoa 
and other US territories and possessions), the Food and Drug Administration (FDA) [ 9 ] is responsible for a number of tasks:

•    Protecting the public health by assuring that foods are safe, wholesome, sanitary and properly labelled and that human 
and veterinary drugs and vaccines and other biological products and medical devices intended for human use are safe and 
effective  

•   Protecting the public from electronic product radiation  
•   Assuring cosmetics and dietary supplements are safe and properly labelled  
•   Regulating tobacco products  
•   Advancing the public health by helping to speed product innovations  
•   Helping the public get the accurate science-based information they need to use medicines, devices and foods to improve 

their health    

 FDA monitors reports of adverse events and other problems with medical devices and alerts health professionals and the 
public when needed to ensure proper use of devices and the health and safety of patients. Guidance documents represent 
FDA’s current thinking on a topic. They do not create or confer any rights for or on any person and do not operate to bind 
FDA or the public. A physician can use an alternative approach if the approach satisfi es the requirements of the applicable 
statutes and regulations. Guidance documents describe FDA’s interpretation of policy on a regulatory issue. These docu-
ments usually discuss more specifi c products or issues that relate to the design, production, labelling, promotion, manufac-
turing and testing of regulated products. Guidance documents may also relate to the processing, content and evaluation or 
approval of submissions as well as to inspection and enforcement policies. 

 In the United Kingdom, the Medicines and Healthcare products Regulatory Agency (MHRA) [ 10 ] is the government 
agency responsible for ensuring that medicines and medical devices work and are acceptably safe. The MHRA is an execu-
tive agency of the Department of Health, the UK government department responsible for public health issues. The MHRA is 
responsible for the regulation of medicines and medical devices and equipment used in health care and the investigation of 
harmful incidents. The term ‘medical devices’ includes medical equipment. Medical devices are all products, except medi-
cines, used in health care for the diagnosis, prevention, monitoring or treatment of illness or disability. Examples include 
X-ray and other imaging equipment, pacemakers, artifi cial joints, anaesthetic equipment, pregnancy test kits, infusion equip-
ment, beds, wheelchairs, condoms and surgical dressings. The MHRA implements the European Community (EC) Medical 
Devices Directives into UK law. They place obligations on manufacturers to ensure that their devices are safe and fi t for their 
intended purpose before they are CE marked and placed on the market in any EC member state. Since 1993, CE (Conformité 
Européenne) marking has been a key indicator of a product’s compliance with European Union legislation and enables the 
free movement of products within the European market. By affi xing the CE marking on a product, a manufacturer is declar-
ing, on    his sole responsibility, conformity with all of the legal requirements to achieve CE marking and therefore ensuring 
validity for that product to be sold throughout the European Economic Area (EEA, the 27 Member States of the EU and 
EFTA countries Iceland, Norway, Liechtenstein), as well as Turkey. This also applies to products made in third countries, 
which are sold in the EEA and Turkey. CE marking is a declaration by the manufacturer that the product meets all the 
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appropriate provisions of the relevant legislation implementing certain European directives. CE marking gives companies 
easier access into the European market to sell their products without adaptation or rechecking. It is a declaration by the 
manufacturer that his product meets the requirements of the applicable European directive(s). According to this, medical 
devices must not only be safe but also function in a medical and technical way as described in the manufacturer’s ‘intended 
purpose’. 

 The regulatory authorities above are present to ensure devices work and are safe. They do not necessarily confi rm that a 
device may be the best treatment for a condition either from an effi cacy or economical aspect. In the United Kingdom, the 
National Institute for Health and Clinical Excellence (NICE) [ 11 ] produces guidance for the National Health Service (NHS) 
about preventing, diagnosing and treating different medical conditions. The guidance is written by independent experts, 
including health-care professionals and people representing patients and carers. They consider how well an interventional 
procedure works and how safe it is and ask the opinions of expert advisers. Interventional procedure guidance applies to the 
whole of the NHS in England, Wales, Scotland and Northern Ireland. Health-care workers in the NHS are expected to follow 
this guidance (Fig.  24.2 ).

   The primary role of each of these regulatory agencies is to determine safety, effectiveness and sometimes value. They do 
not necessarily determine and critically evaluate the evidence base for a particular treatment device or medication against 
others. Furthermore, many physicians do not feel they necessarily determine the best treatment for a condition, without 
prejudice from political interference or economical factors. Political interference (especially with regard to affordability) is 
thought to play a role in some guidance issued from NICE for example.  

    Innovation and Marketing 

 We have already discussed the diffi culty obtaining evidence in surgical practice. This diffi culty may be compounded by the 
way new devices or techniques may be publicised or marketed. This may also affect recruitment of participants into RCTs. 
Furthermore, surgeons’ attitude or bias to innovation and new devices may affect their uptake in the marketplace of medi-
cine. There are general principles of marketing and product life cycles that infl uence this. These general marketing principles 
may be applied to surgery as well as household products or any other industry and are outlined in Table  24.2  [ 12 ].

  Fig. 24.2    NICE       

   Table 24.2    Adopter categories in innovation and marketing   

 Innovators  Represent a small percentage of the market that is at the forefront of adopting new products. These people are often viewed as 
enthusiasts and are eager to try new things, often without regard to price. Whilst a good test ground for new products, 
marketers fi nd that innovators often do not remain loyal as they continually seek new products 

 Early adopters  This group contains more members than the innovator category. They share innovators’ enthusiasm for new products though 
they tend to be more practical about their decisions. They also are eager to communicate their experiences with the early 
majority (next group), and because of their infl uence, they are important to the future success of the product (i.e. act as 
opinion leaders) 

 Early majority  This represents the beginning of entry into the mass market. The early majority account for up to one-third of the overall 
market. The early majority like new things but tend to wait until they have received positive opinions from others (i.e. early 
adopters) before purchasing. Adoption by the early majority is key if a new product is to be profi table. On the other hand, 
many new products die quickly because they are not accepted beyond early trials by innovators and early adopters and 
never reach mass market status 

 Late majority  Possibly as large as the early majority, this group takes a wait-and-see approach before trying something new. Marketers are 
likely to see their highest profi ts once this group starts to purchase 

 Laggards  This is the last group to adopt something new and, in fact, may only do so if they have no other choice. Depending on the 
market, this group can be large though because of their reluctance to accept new products, marketers are not inclined to 
direct much attention to them 

  Based on data from Ref. [ 12 ]  
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   The adopter categories help explain the shape of the life cycle for new innovations. It is clear that innovators are necessary 
to push forward medical and surgical advances as a stepwise and rational process. Critics of the early adopters will suggest 
that the early adopters are using the new innovation as a marketing tool before suffi cient validation has occurred. Self-interest 
can be a powerful motivator in becoming an innovator early adopter. Of course, without early adopters, it will not be possible 
to get validation. In the end, it is essential that any validation follows the principles of evidence-based medicine, which will 
encourage the early and late majority to join in. 

 In some cases, there has been publicity or even direct marketing to the public and patients by the industry behind 
devices and innovatory products. Patients have then approached doctors or surgeons requesting or demanding a certain 
treatment that they have seen claims about which may or may not be fully substantiated especially in terms of long-term 
outcome. The degree of advertising to the public varies from country to country dependent on local practice, regulation 
and law [ 13 ]. 

 Funding structures, health economics, medical establishment structures, subspecialisation and practice workloads vary 
between continents and nations. The American Academy of Otolaryngology – Head and Neck Surgeons represents 12,000 
otolaryngologists though it is thought there are 8,500 practising otolaryngologists in the United States for a population of 
approximately 313,000,000. This equates to approximately 1 surgeon per 35,000 population in the United States compared 
to approximately 1 surgeon per 60,000 populace in Europe and 1 per 100,000 in the United Kingdom. 

 It seems reasonable to assume that attitudes to innovation and marketing innovation also vary between different countries 
and different health-care markets. If a surgeon is practising in an environment of oversupply of surgeons and competition for 
patients, then they might be more likely to adopt innovative tools and techniques, which can then be used as marketing tools 
to attract referrals. Alternatively, a surgeon working in the converse environment with an undersupply of surgeons and too 
many patients might be more likely to continue with established and proven treatments and await validation of innovative 
tools and techniques before adopting them. These are controversial statements as we expect all surgical and medical practi-
tioners to always have their patients’ best interests at heart and to set aside their own self-interest and promotion. Surgeons 
may genuinely be doing what they think is the best for their patients, but to corroborate this, we need validation with RCTs 
rather than just anecdotal evidence. 

 Whilst we have discussed how surgeons’ involvement with innovation may enter the process at different stages and how 
early adopters may utilise innovation for promotion and marketing purposes, those who work on commission or pay-for- 
services may take a differing view. Indeed, health-care purchasers and hospital management have embraced EBM as a means 
of resisting pressure for expenditure which could be detrimental to innovative advances in medicine.  

    The Cochrane Collaboration 

 The Cochrane Collaboration [ 14 ] was established in 1993 and is an international, non-profi t, independent organisation, 
established to ensure that up-to-date, accurate information about the effects of health-care interventions is readily available 
worldwide. The Cochrane Collaborative produces and disseminates systematic reviews of health-care interventions and 
promotes the search for evidence in the form of clinical trials and other studies of the effects of interventions (Fig.  24.3 ).

   It is termed ‘collaboration’, as it has thousands of contributors worldwide, working collaboratively from within many 
independent groups of people (referred to as ‘Cochrane entities’). The Cochrane Collaboration’s principles include fostering 
good communication, open decision-making and teamwork, reducing barriers to contributing and encouraging diversity. 
These require people cooperation, setting aside self-interest and working together to provide evidence with which to improve 
health care. 

 Cochrane Reviews are updated regularly with the latest scientifi c evidence. Members of the organisation (mostly volun-
teers) work together to provide evidence to help people make decisions about health care. Some people read the health-care 
literature to fi nd reports of randomised controlled trials, others fi nd such reports by searching electronic databases, others 
prepare and update Cochrane Reviews based on the evidence found in these trials, others work to improve the methods used 
in Cochrane Reviews, others provide a vitally important consumer perspective and others support the people doing these 
tasks. The Cochrane Collaboration website provides information on a variety of ways of registering interest or becoming 
directly involved [ 15 ]. As of July 2011, there are more than 28,000 people working within the Cochrane Collaboration in 
over 100 countries, over 70 % of whom are authors of Cochrane Reviews. In January 2011, the Cochrane Collaboration was 
accepted as a non-governmental organisation in offi cial relations with the World Health Organization (WHO), the public 
health arm of the United Nations, establishing formalised communication between the two organisations. The Cochrane 
Collaboration provides an international benchmark for the independent assessment and assimilation of scientifi c evidence.  
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    What Are Cochrane Reviews? 

 Cochrane Reviews [ 16 ] are systematic assessments of evidence of the effects of health-care interventions, intended to help 
people to make informed decisions about health care, their own or someone else’s. Cochrane Reviews are needed to help 
ensure that health-care decisions throughout the world can be informed by high-quality and timely research evidence. It 
should perhaps be noted that many Cochrane Reviews, especially in regard to surgical intervention, surmise that there is 
insuffi cient or unconvincing evidence to support a particular surgical intervention. This is usually based on the fact that there 
are insuffi cient numbers of RCTs of suffi cient similarity and quality to analyse to determine effi cacy based on Cochrane 
criteria.  

    What Is the Current Evidence for Established Surgical Intervention in Chronic 
Rhinosinusitis? 

    Functional Endoscopic Sinus Surgery (FESS) 

 Current evidence-based medicine (EBM level 1a) does not support surgical intervention as being a more effective treatment 
when compared with maximal medical treatment for chronic rhinosinusitis (CRS) (see Table  24.3 ) [ 17 ]. Consequently, sur-
gery for CRS remains controversial. This is highlighted in the Cochrane Review, which addressed this issue and based on the 
three randomised controlled trials that fulfi lled their inclusion criteria [ 18 ]. Only one of the three RCTs compared surgery 
with medical treatment [ 19 ]; the other two compared different surgical techniques [ 20 ,  21 ].

   Although evidence-based medicine strives to quantify evidence and helps guide the best clinical practice, the key is 
always to scrutinise the data available. Interestingly, the evidence used in this Cochrane Review was fl awed because, fi rstly, 
CRS was not adequately defi ned and, secondly, the sample recruited was fundamentally biased towards medical intervention. 
All three RCTs were fl awed in their methodology, not necessarily because of poor planning but the enormity of the design 
and the scarcity of true surgical patients. 

  Fig. 24.3    The Cochrane Collaboration logo       
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 A comparison of the results of different trials for FESS in the treatment of CRS is diffi cult for a number of reasons. The 
studies lack a single disease staging system (CRS is a multidisease entity, allergic, polypoidal, fungal, etc.); some involve a 
single sinus, whilst others involve multi-sinus disease; the FESS procedures differ in technique; and the outcome measures 
are not uniform. The latter diffi culty precludes the use of a meta-analysis. For example, only one RCT (Ragab et al.  [ 19 ]) 
compared maximal medical treatment with FESS. The authors recruited 90 patients of which 54 % were skin prick test posi-
tive (SPT) and 39 % had nasal polyps which biased the recruited population towards a medical cohort. In a single sinus study 
published by Hartog et al.  [ 20 ], the authors evaluated and treated a total of 89 patients with chronic maxillary sinusitis. These 
authors compared medical treatment and sinus irrigation to medical treatment and sinus irrigation followed by FESS. 
Seventy-seven patients were available for evaluation (41 in the FESS, sinus irrigation and medical treatment group and 36 in 
the sinus irrigation-only group). The median follow-up was 12 months. The intention-to-treat analysis showed a signifi cant 
reduction in the symptoms of purulent nasal discharge and hyposmia in the FESS-treated group. However, there was no 
signifi cant difference between both groups in overall cure rates at the end of 1 year (odds ratio (OR) 1.63; 95 % CI 0.58–4.53, 
 P  = 0.35). 

 In conclusion, all treatment arms in the three RCTs in the Cochrane Review in 2006 were equally effective, be it maximal 
medical treatment, endoscopic sinus surgery or a sinus washout. However, the difference in sinus involvement, surgical tech-
niques and disease stratifi cation makes any assessment of the relative value of FESS in CRS impossible. The problem with 
any data analysis of chronic rhinosinusitis is the fact that CRS is not a single disease entity and can be broadly divided into 
medical conditions, surgical conditions or both. Patients who are predominately skin prick test positive will require long- 
term medical treatment, and the role of surgery is debatable. Similarly, many physicians feel that patients with nasal polyps 
are also a predominately medical entity. To accurately evaluate the value of FESS in CRS, a true surgical CRS population 
would exclude SPT positivity as well as those with sinus polyps leaving a CRS population who has failed medical treatment 
or developed comorbid complications as the ideal group of patients to study. When the key question is ‘what is more effec-
tive, surgery or maximal medical treatment, in a pure surgical CRS population?’ as described, the answer is self-evident 
when the indication for surgery is failed medical treatment. Surgery is a necessity when medical treatment fails and when the 
patient continues to be in discomfort. To prove otherwise would be unethical. This is seen classically in complications of 
acute/chronic sinusitis such as a peri-orbital abscess and mucocele formation whereby surgery is the only option, treatment 
of expanding mucin in allergic fungal sinusitis, grade 3 nasal polyposis refractory to steroids and chronic frontal sinusitis 
refractory to medical treatment [ 22 ]. 

 So the real question is whether there is a role of surgery in those subtypes of CRS that are considered ‘medical’, i.e. 
patients with a signifi cant allergic component or nasal polyps. The current evidence would suggest that maximal medical 
treatment is just as effective in these circumstances. Assuming medical and surgical treatments are equally effective, other 
outcome measures need to be assessed including quality of life and fi nancial cost in treating CRS. 

 Having established that surgery is equally as effective as maximal medical treatment in CRS with a predominately medi-
cal component, the next question is ‘when medical treatment fails, which type of sinus surgery is more effective?’ Current 
level 1b and level 3 evidence would suggest that all types of sinus surgery are equally effective be it a sinus washout or FESS 
for CRS (without polyps) or a simple polypectomy or FESS polypectomy for nasal polyps [ 20 ,  23 ,  24 ]. In the National 
Comparative Audit of Surgery for Nasal Polyposis and CRS, all types of sinus surgery showed improvements in their SNOT 
22 scores [ 23 ]. The 5-year follow-up study showed very similar revision rates between simple polypectomy and FESS pol-
ypectomy although when taking into account multivariate logistic regression to adjust for baseline characteristics, the revi-
sion rate was statistically less in the FESS polypectomy arm [ 25 ]. The controversy of surgery in CRS remains an ongoing 
debate with the exception of chronic frontal sinusitis. The endoscopic surgical resolution of frontal CRS is now becoming an 
accepted practice [ 22 ], although the ever-present predilection for stenosis in the frontal ostium calls upon other potential 
medical treatments [ 26 ].   

  Table 24.3    Cochrane Reviews for the treatment of CRS  

 1.  Functional endoscopic sinus surgery (FESS) for chronic 
rhinosinusitis 

 2.  Nasal irrigation with saline (salt water) for the symptoms of 
chronic rhinosinusitis 

 3. Topical steroid for chronic rhinosinusitis without polyps 
 4. Antifungal therapy for chronic rhinosinusitis 
 5.  Balloon dilation of sinus openings for chronic 

rhinosinusitis 

S. Jayaraj and P.J. Andrews



457

    The Role of External Surgical Approaches in Chronic Rhinosinusitis 

 There is a drive amongst surgical ENT specialists to perform more and more procedures endoscopically. There is concern 
that the drive to perform all surgery endoscopically is resulting in surgeons and surgical trainees becoming deskilled in the 
rare but necessary practice of the external approach. The external surgical approach in CRS is more and more uncommon but 
still a necessity in a small number of scenarios. For example, medical complications of CRS include orbital cellulitis and 
mucoceles. In both situations, the external approach is recommended if inaccessible by endoscopic surgery. It is recom-
mended that an orbital abscess be drained externally particularly if positioned laterally or superiorly. The controversy in 
endoscopic decompression of orbital abscesses arises in its effi cacy and whether it should be performed by all or by just an 
experienced rhinologist. 

 The desire from patients for scar-free surgery and less morbidity drives endoscopic surgery and its increasing use in 
orbital cellulitis/abscess drainage and treatment of frontal sinus disease [ 22 ]. An external approach is used for the ligation of 
the anterior ethmoidal artery (AEA) as a consequence of haemorrhage secondary to endoscopic sinus surgery for CRS. 
However, there is an increasing move to clip the AEA endoscopically. The majority of patients who undergo endoscopic 
sinus surgery are without complication. In the event of a surgical complication, all be it rare, an external approach needs to 
be discussed as part of the routine consent process. Surgery on the frontal sinus is predominately performed endoscopically 
using image guidance navigation, as the anatomy is complex with potentially higher morbidity and complications [ 27 ]. 
However, the external approach is always consented as an adjunct particularly in the case of laterally placed lesions whereby 
the external approach can only be performed.  

    The Role of Image Guidance in the Surgical Treatment of Chronic Rhinosinusitis 

 The compulsory role of image guidance technology in every sinus surgery case remains controversial and is perhaps analo-
gous to the use of the facial nerve monitor in middle ear surgery or parotid surgery. Some would argue that it is not a substi-
tute for a surgeons’ understanding of the intricate anatomy of the paranasal sinuses or ability to interpret complex multi-planar 
computed tomography scans. Others will counter that we are potentially negligent if an untoward incident occurred during 
sinus surgery without the use of navigation. Does the use of navigation give reassurance during surgery? 

 Image guidance surgery is used in areas where the risk of intracerebral and orbital damage is high. The role of image 
guidance is to facilitate anatomy defi nition and reduce complication risk. In frontal sinus surgery, these risks are higher due 
to the close proximity of the skull base as well as the orbit. Image guidance is also used where access into an area is not vis-
ible due to scarring such as frontal sinus surgery or sphenoidal surgery. The Medtronic fusion navigation system is used in 
our department. This system represents an innovative electromagnetic (EM) image-guided surgery approach. The advantage 
of an image guidance system is that it allows the surgeon to operate with the maximum amount of information about the 
unique anatomy of each patient and to ‘see’ the relative location of the instrument tip in the patient’s sinus anatomy during 
surgery (Fig.  24.4 ).

       Middle Turbinate Surgery 

 There are two schools of thought with regard to the middle turbinate (MT): resection or preservation [ 28 ]. Some surgeons 
routinely resect the MT without adverse sequelae, whilst others always try to preserve the MT. The middle turbinate is an 
important landmark, may contain olfactory mucosa to a varying degree, plays a humidifi er role and may control or infl uence 
airfl ow through the middle meatus. In conjunction with the uncinate process, this effect on airfl ow regulation may have a 
bearing on airfl ow entering the maxillary sinus and, in turn, may affect varying gaseous concentrations such as nitric oxide 
levels which play a role in mucociliary function and bacteriostasis. On this basis, many surgeons recommend preserving the 
middle turbinate as much as possible. Others will counter that a diseased, polypoid middle turbinate should be resected as it 
will lead to continued congestion and recurrence of polyps. There are others who are concerned that shaving a polypoid MT 
and leaving MT bone exposed lead to osteitis and prolonged crusting after surgery. The MT can be resected leaving the axil-
lary portion as a landmark should future surgery be required. The data concerning resections versus preservation is confl ict-
ing. There is evidence demonstrating a paucity of complications following MT resection. Furthermore, there may be outcome 
benefi ts from judicious partial middle turbinate resection in some patients with more severe rhinosinusitis. 

24 Controversies in the Surgical Management of Chronic Rhinosinusitis



458

  Fig. 24.4    An image guidance system       
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  Fig. 24.5    Illuminated Wire used in Balloon Sinuplasty       

  Fig. 24.6    Balloon sinuplasty device system       

 Other studies looking at quality of life outcomes in patients with bilateral MT preservation versus MT resection have 
found no difference though patients undergoing MT resection did show greater improvements in endoscopy follow-up exam-
inations and Smell Identifi cation Test scores, which persisted after controlling for confounding factors [ 29 ,  30 ]. This evi-
dence seems contrary to the trend towards more tissue and anatomical preservation surgical approaches such as FESS. The 
middle ground for most surgeon is preservation but with judicious partial resection in patients with severe polypoid disease. 
There is yet no answer to the ongoing controversy in MT surgery as to whether we should be decompressing a concha bullosa 
(pneumatised MT) or resecting paradoxical MT for access and disease control.  

    Balloon Dilatation/Sinuplasty 

 Dilation of sinus ostia using a high-pressure balloon has been introduced as a treatment for chronic rhinosinusitis (CRS) 
refractory to medical treatment. It is commonly referred to as ‘balloon sinuplasty’ or ‘balloon catheter dilatation’. This tech-
nique is also described in Chap.   22     (Fig.  24.5 ). Balloon sinuplasty received FDA clearance in 2005 for marketing (Fig.  24.6 ).   
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 Balloon sinuplasty is a minimally invasive endoscopic surgical treatment that aims to restore sinus ostia patency    with mini-
mal mucosal damage. There are numerous studies demonstrating its safety [ 31 – 38 ], and there are studies confi rming short-
term effectiveness [ 33 – 37 ,  39 – 49 ], but long-term follow-up studies are still not available. Balloon sinuplasty is approved for 
use in the maxillary and sphenoid sinuses, but it is in the frontal sinuses that most surgeons fi nd this technique most useful. 
Surgery in the frontal recess can be diffi cult. But with the illuminated wire used in this procedure, the surgeon can be sure 
that the frontal sinus has been entered. The balloon is then passed over the wire for dilatation. 

 There is debate about whether sinus ostia dilation is suffi cient in treating chronic sinus disease or whether diseased tissue 
and bone actually need to be removed to achieve full disease resolution. Does infl ammation of the bone contribute to the 
sinusitis and, if so, will just fracturing the bone outwards with a balloon and widening the ostia be suffi cient to relieve the 
disease process in the long term? The National Institute for Health and Clinical Excellence (NICE) in the United Kingdom 
published their guidance ‘Relieving chronic sinusitis using an infl atable balloon’ in September 2008 [ 50 ]. NICE said ‘this 
procedure can be offered routinely as a treatment option for people with chronic sinusitis provided that doctors are sure that 
the patient understands what is involved and agrees to the treatment, and the results of the procedure are monitored’. 

 Balloon sinuplasty should only be done by doctors who are experienced in complex sinus surgery and who have specifi c 
training in this procedure. NICE noted that it can be diffi cult to decide which patients should be offered balloon sinuplasty 
and also which sinuses should be treated. NICE noted that the procedure can be carried out at the same time as other proce-
dures (often referred to as hybrid procedure) with balloon sinuplasty and elements of FESS combined. NICE concluded that 
this procedure is safe enough and works well enough for use in the NHS. 

    What Does Cochrane Say About Balloon Sinuplasty? 

 The effi cacy of balloon sinuplasty technology was systematically reviewed by the Cochrane Collaboration in 2011 [ 51 ]. The 
review was based on studies published up to 20 December 2010. As of that time, only one study met the review’s inclusion 
criteria (RCT of surgical treatment after failed prolonged course of medical treatment) although it was not as yet a peer- 
reviewed publication. The study randomised patients with chronic frontal sinusitis who had failed a prolonged course of 
medical treatment into two groups: balloon dilatation of the frontal recess (plus conventional FESS of other involved sinuses) 
versus conventional FESS (Draf type 1/2a procedures on the frontal sinuses). The outcome measures were resolution of 
frontal sinus disease on computed tomography scan and permeability of the frontal recess on endoscopy. At 12-months’ 
follow-up, there was no statistically signifi cant difference in radiological resolution of frontal sinuses between the two 
groups. The percentages of directly observed patent frontal recesses at 12 months were 75 % in the balloon dilation group 
versus 63 % in the FESS-only group. The authors state that this was statistically signifi cant, but details of the analysis were 
not presented. There was bias in the way the study’s outcome measures were reported. No major complications were reported. 
Three patients in the FESS-only group required further revision frontal sinus surgery compared to one in the balloon dilation 
group, although synechiae were more common in the latter. The summation of the Cochrane Review was that at present, 
there is no convincing evidence supporting the use of endoscopic balloon sinus ostia dilation compared to conventional surgi-
cal modalities in the management of CRS refractory to medical treatment. 

 With the escalating use of balloon sinuplasty, there is an urgent need for more randomised controlled trials to determine 
its effi cacy over conventional surgical treatment modalities. Despite the numerous publications on balloon sinuplasty [ 52 ], 
RCTs are lacking and an update on the Cochrane Review is expected in 2014. There are abundant data confi rming the tech-
nique’s safety record, and this is no doubt an attractive feature of this tool and technique. Studies have also been completed 
that demonstrate long-term patency of dilated sinuses (including radiographic evidence of sinus patency) and improved 
sinus-related quality of life scores for up to 2 years after balloon dilation [ 40 ]. However, the published literature consists 
mainly of noncomparative results on a small number of patients with generally short length of follow-up and no controls. 
There is a paucity of peer-reviewed, published literature and/or clinical studies regarding balloon sinuplasty as a stand-alone 
procedure. Often, patients in studies have had hybrid procedures, which are more diffi cult to compare. 

 In summary, the long-term effi cacy of balloon sinuplasty is unknown. There have been a number of review articles written 
on the subject. However, more RCTs and longer-term outcome data are needed to determine if symptom improvement, disease 
resolution and the need for subsequent revision justify its use. In addition, more information is needed to determine which indi-
viduals and sinuses are best treated with the balloon technique and which individuals and sinuses require standard approaches.   

S. Jayaraj and P.J. Andrews



461

    Controversies in the Surgical Management of Chronic Rhinosinusitis 
in the Paediatric Population 

 As with adults, surgery for chronic rhinosinusitis is only considered in children who have failed to respond adequately to 
medical therapy [ 53 ]. The reader is referred to Chap.   22     entitled ‘Surgical management of rhinosinusitis in children and 
adolescents’, which covers this subject in detail. Suffi ce to say, it has long been accepted practice to perform adenoidectomy 
in paediatric CRS, and a meta-analysis confi rms the benefi t from this initial approach [ 54 ,  55 ]. There are also studies show-
ing extra benefi t from maxillary antral irrigation in addition to adenoidectomy [ 56 ,  57 ]. In 2006, balloon sinuplasty was 
approved by the FDA, for use in children in the United States. Studies suggest balloon sinuplasty resulted in a greater 
improvement in symptoms. However, some of these patients underwent maxillary antral irrigation in addition to the balloon 
sinuplasty, and, therefore, it is unclear as to whether the benefi t was from the balloon sinuplasty or from the irrigation or the 
combined effect of both. The uptake of balloon sinuplasty in Europe has generally been lower compared to the United States 
and even more so in the paediatric population group. There are extra costs involved in utilising balloon sinuplasty compared 
to conventional maxillary antral irrigation that requires a more careful cost-effective analysis. 

 A meta-analysis has shown that symptoms are reduced with functional endoscopic sinus surgery in the paediatric popula-
tion [ 58 ]. Generally, limited FESS has been advocated in children due to concerns over adverse effects of FESS on facial 
growth. However, a long-term study has shown no impact of FESS on qualitative and quantitative parameters of paediatric 
facial growth up to 10 years postoperatively [ 59 ]. This may help settle a long-standing area of controversy over the safety of 
FESS in the paediatric group, as fears over the effect on facial growth appear unfounded. 

 In summary, there is a lack of prospective randomised controlled trials to determine the best surgical management of 
chronic rhinosinusitis in the paediatric population who have not responded to medical treatment. Generally, it is considered 
appropriate to initially offer adenoidectomy with maxillary antral irrigation with or without balloon sinuplasty of the maxil-
lary sinus. If this fails, then it appears to be reasonable to consider FESS.  

    Conclusion 

 Health-care decision-making throughout the world needs high-quality, research-based evidence. This chapter has been 
intended to outline the importance of evidence-based practice and to highlight the diffi culty in obtaining high-level evidence 
in surgical specialties including rhinology/otolaryngology. 

 In general, there is a paucity of peer-reviewed, published literature and clinical studies regarding surgical intervention in 
chronic rhinosinusitis after adequate medical therapy. This is especially true when one looks at long-term effi cacy and out-
comes. RCTs and longer-term outcome data are needed to determine symptom improvement, as well as durability of surgical 
interventions and the need for subsequent revision. In addition, more information is needed to determine which individuals 
and sinuses might be better treated with one particular technique and which individuals and sinuses may require an alterna-
tive approach. 

 Without suffi cient evidence, there will be controversy as to what is the most appropriate or best treatment for a particular 
patient or anatomical or pathophysiological disease process. We must all strive to do what is best for our patients based on 
our current understanding of the basic science, the pathophysiology of the disease process and a careful evaluation of con-
temporaneous data. To achieve this requires cooperation, setting aside self-interest and working together to provide evidence 
with which to improve health care. Good-quality research needs to be promoted with adequate resources, and contributions 
to the Cochrane Collaboration should be encouraged. Continued research, in conjunction with postgraduate meetings, semi-
nars and debate, will help to resolve controversies although the very nature of continually advancing surgical science will 
result in emerging new controversies. For example, there is growing advocacy for the use of robotics in surgery (particularly 
in urological, neurological and head and neck surgery) though this may not have such a signifi cant role in rhinology because 
of the current limitation on portal access. With continuing efforts to develop minimally invasive surgery techniques, we are 
also starting to see drug-eluting stents to deliver medicines to a specifi c diseased site which may improve drug delivery and 
clinical effi cacy whilst decreasing the need for surgical intervention and associated surgical morbidity. New controversies 
already!     
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    Chapter 25   
 Managing Complications of Endoscopic Sinus 
Surgery in Children and Adults 

             Brendan     C.     Hanna      and     Peter-John     Wormald     

           Introduction 

    The incidence of major complications in endoscopic sinus surgery appears to have decreased in the past 10 years. A recent 
retrospective review of a nationwide database of patients who underwent ESS between 2003 and 2007 in the USA identifi ed 
62,823 patients in whom the overall major complication rate was 1.0 % (CSF leak 0.17 %, orbital injury 0.07 %, haemor-
rhage requiring transfusion 0.76 %). This is less than an estimated major complication rate of 1–3 % from early studies with 
relatively small patient cohorts. This review found a lower rate of CSF leak in the paediatric patient population but a greater 
chance of orbital complications [ 1 ]. In this chapter, major complications are addressed fi rst then the less serious complica-
tions of adhesions, trephine injuries, recurrent disease, lacrimal injury and alteration to olfaction.  

    Major Complications 

    Haemorrhage 

 Haemorrhage is the most common major complication of endoscopic sinus surgery in the present era. Two types of bleeding 
are encountered: arterial squirting that can rapidly fi ll the surgical fi eld or disseminated ooze that may impede surgery and 
can accumulate over time to represent signifi cant blood loss. 

    Sphenopalatine Artery Bleeding 

 Arterial bleeding occurs most commonly from branches of the sphenopalatine artery (SPA). The posterior nasal artery is easily 
injured at the inferior margin of the sphenoidotomy and the sphenopalatine artery itself can be injured when the horizontal por-
tion of the ground lamella is disrupted. The SPA or one of its branches can bleed when the inferior posterior ethmoid adjacent 
to the vertical part of the palatine bone is opened and can also occur when completing the lateral inferior extent of the sphe-
noidotomy through an ethmoidal corridor. Bleeding from the sphenopalatine artery may not be immediately obvious. The 
artery may spasm and temporarily thrombose only to bleed later in the procedure or postoperatively as the patient awakes, 
coughs, strains and dislodges the thrombus. An arterial bleeding point on the anterior sphenoid wall or posterolateral nasal cav-
ity can be cauterised with suction bipolar diathermy. If suction bipolar diathermy is not available, a pterygopalatine fossa block 
will usually put the vessel in spasm and allow bipolar diathermy without suction. Judicious cautery in these areas at the end of 
the dissection is a prudent means of averting postoperative bleeds and helps to alleviate the requirement for nasal packing.  

        B.  C.   Hanna ,  MB, BCh, FRCSI, PhD    
  Department of Surgery-Otolaryngology, Head and Neck Surgery ,  University of Adelaide ,   Adelaide ,  Australia     

    P.-J.   Wormald ,  MD, FACS, FCS(SA), FRCS(ed), MBChB      (*) 
  Department of Otolaryngology, Head and Neck Surgery ,  Queen Elizabeth Hospital, The University of Adelaide ,   28 Woodville Road , 
 Woodville South ,  SA   5011 ,  Australia   
 e-mail: peterj.wormald@adelaide.edu.au  

mailto:peterj.wormald@adelaide.edu.au


466

    Anterior Ethmoid Artery Bleeding 

 The other major vessel encountered in sinus surgery is the anterior ethmoidal artery. The artery should be identifi ed on the 
preoperative CT scan by the bony eversion of the lamina papyracea into the ethmoidal labyrinth at the point where it crosses 
to the orbit. This is between the medial rectus and superior oblique muscles. Careful note should be made of whether the 
artery is applied to the skull base or if it hangs down from the skull base in a bony mesentery seen in up to 43 % of cases [ 2 ]. 
In this latter position, the artery can be readily injured by an instrument or microdebrider dragged along the skull base from 
the posterior to the anterior. Figure  25.1  shows a left anterior ethmoidal artery which is vulnerable to such a manoeuvre. 
In these instances it is preferable to expose the frontal ostium allowing identifi cation of the skull base anterior to the artery 
and then to move to the sphenoid sinus and identify the skull base in the sphenoid and the posterior ethmoids. The anterior 
ethmoidal artery is found one cell back from the frontal ostium often in or just behind the lamellae that forms the anterior 
face of the bulla ethmoidalis. Once the skull base is identifi ed both anteriorly and posteriorly, the intervening bony lamellae 
in which the anterior ethmoidal artery sits can be gently removed in small pieces with a curette until the dissection is suffi -
cient or the artery is visualised. A microdebrider can be used to clear excess soft tissue in this region and should be used very 
carefully and should not be dragged along the skull base [ 3 ].

   If anterior ethmoidal bleeding is encountered, bleeding can be slowed by packing the area with neuropatties soaked in 
adrenaline and cocaine for several minutes. The artery may be cauterised with bipolar suction diathermy if it is on the skull 
base or the region of the orbital periosteum and the ethmoid cavity is suffi ciently spacious to allow introduction of the bipolar 
forceps. Monopolar diathermy should not be used as it can arc to exposed dura and cause a CSF leak. Diathermy should not 
be used at all if bleeding is from the medial region of the frontal recess as the thin bone in this region is easily penetrated with 
a resultant CSF leak. Instead Surgicel and Gelfoam soaked in thrombin should be placed over the artery and the area fi rmly 
packed with ribbon gauze soaked in bismuth iodoform paraffi n paste (BIPP) or other suitable packing material. The BIPP 
gauze can be removed after 48 h. If the surgical fi eld before injury to the anterior ethmoidal artery was already very bloody, 
consideration should be given to packing early and stopping the procedure as continued attempts to control bleeding in this 
area without adequate visualisation can lead to complications. 

 The lateral end of a divided anterior ethmoidal artery may retract into the orbit. Orbital haematoma formation can be 
immediate or delayed until after arterial spasm has relaxed and any thrombosis of the vessel end is disturbed [ 4 ], often in the 
recovery phase. With attention focused on the fi eld of view of the endoscope, a collecting orbital haematoma may not be 
immediately appreciated by the surgeon. Frequent ballottement of the globe serves not only to detect breaches in the lamina 
papyracea but also checks that the globe is not proptosing or becoming diffi cult to ballot due to rising intraorbital pressure. 
The intraorbital blood loss causes an expanding haematoma pushing the globe forward. As the globe is held back by the 
orbital septae and the palpebral ligaments attaching to the orbital rim, pressure in the orbit rises. This increased pressure 

  Fig. 25.1    Left    anterior ethmoidal artery ( arrow ) is separated from the skull base       
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reduces retinal blood fl ow and stretches the optic nerve. This ischaemia may be compounded by pressure on the central 
 retinal artery within the orbit. Animal studies suggest that 90 min of such retinal ischaemia can be tolerated [ 5 ] but blindness 
in humans has been reported after a period of 1 h [ 6 ]. If an orbital haematoma is detected during the procedure, the authors 
recommend an immediate orbital decompression. It has been suggested that gentle digital pressure should be applied to the 
globe fi rst to tamponade and stop the bleeding. However, there is no evidence to support this manoeuvre. If the globe remains 
proptosed and fi rm on ballottement after tamponade, then orbital decompression should be performed. 

 The decompression can be performed endoscopically if the ethmoidectomy and maxillary antrostomy have been 
completed. The maxillary antrostomy should be large to reduce blockage of the maxillary sinus if a signifi cant prolapse 
of fat occurs during the decompression. The lamina papyracea is palpated behind the frontal process of the maxilla and 
fractured with a Freer’s elevator. The bone is fl aked off leaving the periosteum intact. Ideally the entire medial orbital 
wall is removed leaving the upper 1.5 cm of lamina below the frontal recess to prevent blockage of the frontal sinus. The 
periorbita is then incised from posterior to anterior in a horizontal line (in the direction of the fi bres of the medial rectus) 
with a scalpel or sickle knife. This allows herniation of the orbital fat into the ethmoid cavity and decompression of the 
orbital contents. 

 After decompression an ophthalmologist should be consulted if available. The intraocular pressure can be measured by 
tonometry. Less than 20 mmHg is normal. Up to 30 mmHg the patient can be monitored closely. Above 40 mmHg a poor 
vision result may ensue and further treatment is necessary. When the pressure is between 30 and 40 mmHg, blood fl ow to the 
optic nerve can be assessed by fundoscopy. With normal blood fl ow digital pressure on the globe raises the ocular pressure 
above diastolic pressure and the retinal arteries pulsate or “fl ash”. An increase in orbital pressure may cause the arteries to 
fl ash spontaneously. Ocular pressures above systolic pressure close the arteries so that no fl ashing can be produced. Adjunctive 
medical treatment with intravenous steroids and topical beta blockers can be added. Hyperosmotic agents such as mannitol 
and anterior chamber paracentesis are not generally useful [ 7 ]. 

 So far the setting of anterior ethmoidal bleeding has been limited to the operating room. An orbital haematoma may also 
form in the recovery period due to delayed anterior ethmoidal bleeding or alternatively slow bleeding from ruptured perior-
bital veins. Any nasal packs are removed to allow some decompression of a dehiscent orbit or blood to escape nasally rather 
than tracking intraorbitally. Bruising or mild proptosis with a soft orbit on ballottement can be observed and further checked 
by ophthalmology. The awake patient can also report pain and be checked for loss of colour vision (red is lost fi rst) and visual 
acuity. If the globe is proptosed and hard to ballot, canthotomy and cantholysis under local anaesthetic should be performed. 
However, cases of slowly evolving haematoma postoperatively do not always require decompression. If the vision is normal 
and the circulation to the optic nerve is not compromised, the patient can be observed with frequent monitoring of vision [ 8 ].  

    Internal Carotid Artery Bleeding 

 The internal carotid artery is placed at increased risk during skull base procedures but may also be vulnerable during ESS 
procedures when diseased sphenoid mucosa is removed. Direct trauma may occur to a dehiscent artery or removal of a 
bony sphenoid septation connected to the carotid canal can damage the artery. The resultant bleeding can be enormous. 
The anaesthetist should be immediately alerted to obtain large calibre venous access, start resuscitation and call for replace-
ment blood. A second surgeon is immediately called. A large bore nasal suction is placed down the opposite nostril so that 
the surgical fi eld is suffi ciently cleared to allow the primary surgeon to place a ribbon gauze pack in the sphenoid and 
tamponade the artery. Once haemostasis is achieved, a piece of sternocleidomastoid or lateral thigh muscle approximately 
2 cm square and 1 cm thick when spread out is harvested via a neck or thigh incision. This muscle is crushed between two 
metal kidney dishes and halved giving two pieces of crushed muscle. Both surgeons work together to remove the ribbon 
gauze and position the muscle graft over the bleeding artery, applying gentle but consistent pressure on the muscle. 
Haemostasis should occur within 5 min as long as the muscle patch is in contact with the injured vessel wall. A common 
reason for failure is that the muscle is not on the vessel wall and therefore its haemostatic properties are not able to work. 
The muscle patch can then be supported with a few pieces of Surgicel (oxidised cellulose) and a pedicled septal fl ap har-
vested and swung into the sphenoid to cover the muscle patch. Ribbon gauze or other suitable packing is then placed over 
the fl ap to support the repair. 

 The interventional radiologist and vascular surgeon are called, and immediate angiography is performed to assess the 
damage to the artery. If there is ongoing bleeding, a stent is placed in the damaged region. If this is not possible and there is 
still bleeding, occlusion or bypass of the artery may need to be performed. If the angiogram looks normal, the pack should 
be left for 1 week and removed in theatre. Repacking is performed if there is further bleeding with a view to stenting, 
 occluding or bypassing the vessel later. Otherwise, regular surveillance is performed for pseudoaneurysm formation usually 
at 6 weeks, then 3 months, 6 months, 1 year and 2 years.  
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    Generalised Bleeding from the Surgical Field 

 In some cases general ooze can become signifi cant bleeding and partly obscure the surgical fi eld. Preoperative preparation 
with cessation of anticoagulants (both prescribed medications and health supplements such as fi sh oil) is preferable. There is 
a suggestion that preoperative treatment of nasal polyposis patients with oral corticosteroids can reduce intraoperative bleed-
ing [ 9 ,  10 ] and that topical corticosteroids can also be benefi cial [ 11 ]. Intraoperatively tilting the operating table 30–40° head 
up can reduce bleeding compared to the fully supine position as the arterial pressure in the head is reduced and venous return 
from the head and neck is facilitated. The type of anaesthesia and the patient’s heart rate also affect the surgical fi eld. 
Vasodilatation is associated with inhalational anaesthetics whereas total intravenous anaesthesia (TIVA) with preparations 
such as propofol and remifentanil allows hypotension to be achieved without vasodilatation [ 12 ]. A mean blood pressure of 
between 65 and 75 mmHg and a pulse rate of 60 or below (achieved with beta-blockers) should allow a good surgical fi eld 
[ 13 ]. The patient’s temperature should be maintained at normal as it can become elevated with warming devices and this will 
increase bleeding. If bleeding is still troublesome, local anaesthetic infi ltration of the pterygopalatine fossa can be performed 
via the greater palatine canal [ 14 ]. 

 Further measures to decrease bleeding include fl ushes of warm ringer’s lactate and gently packing the nasal cavity with 
neuropatties soaked in 10 % cocaine and 1:1,000 adrenaline. Tranexamic acid given intravenously or sprayed onto the nasal 
mucosa will also decrease bleeding [ 15 ,  16 ].   

    Orbital Injury 

 An intraoperative breach of the lamina papyracea is not uncommon. If it is immediately recognised and the region avoided 
for the rest of the surgery, then usually little damage is done. There will usually be some bruising in the lower eyelid postop-
eratively. Signifi cant orbital injury occurs when a breach of the lamina and orbital periosteum is not immediately recognised. 
If surgery is continued especially with a microdebrider, the suction and sharp revolving blades of the microdebrider can 
quickly suck in and remove both fat and muscle tissue [ 8 ]. The preoperative CT scan should be studied prior to surgery to 
identify any orbital dehiscences and where these are present the microdebrider should not be used and the surgery conducted 
solely with handheld instruments. Figure  25.2  shows an example of a previous orbital blowout fracture of the left orbit. 
Preoperative identifi cation should prevent dissection of the medialised orbital contents.

   More posteriorly along the medial orbital wall, the medial rectus is situated very close to the periosteum. The medial 
rectus is a pale thin band of tissue and not an impressive muscular structure. If the microdebrider is inadvertently used on this 
tissue, the medial rectus may be divided in a matter of seconds. The medial rectus is the most commonly injured orbital 

  Fig. 25.2    Previous blowout fracture ( arrow ) of left orbit on preoperative scan       
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structure with a reported incidence of 1 case in 735 in a large series looking at 30 cases of injury [ 17 ]. Medial rectus injury 
can be devastating. Complete    resection of the medial rectus leaves the eye resting in a divergent position from midline; exo-
tropia. Binocular vision is only obtainable by looking to the side on which the injury occurred. The microdebrider has also 
been used to perform maxillary antrostomies which risks insertion into the orbital fl oor. The inferior rectus is the second most 
commonly injured structure. The superior rectus and oblique have been injured with approaches to the frontal sinus [ 18 ]. 
Uncinectomy has been demonstrated to have an impact on orbital injury. A retrograde approach using a backbiter has much 
less chance of opening the orbital periosteum (with the potential for damage to the intra orbital contents) than incising the 
mucosal junction of the uncinate with the lateral nasal wall [ 19 ]. 

 There are four different patterns of medial rectus muscle injury. Complete or near complete transection resulting in large 
angle exotropia with an adduction defect is the fi rst. The second pattern is contusion or haematoma within the muscle which 
produces a moderate to large angle exotropia and a combined abduction/adduction defect. Damage to the oculomotor nerve 
as it enters the muscle produces a similar result. The fourth injury pattern is entrapment of the medial rectus and is associated 
with only mild deviation in primary gaze along with a marked abduction defect [ 17 ]. Primary repair of a rectus muscle can 
be performed at the time of injury but it is often not recognised until after the operation. At that time of muscle repair    associ-
ated injuries should be sought; evidence of orbital haematoma or optic nerve injury. Visual acuity, colour vision and range of 
eye movement are examined. A CT scan of the orbits will demonstrate the extent of injury, associated haematoma and the 
presence of bony fragments that may cause additional entrapment of the injured muscle. An MRI scan can give better detail 
about individual muscle bundles. Unless there is muscle entrapment or a haematoma requiring decompression, there is no 
other indication for immediate operation. Early referral should be made to an orbital or oculoplastics unit. Studies have 
shown that treatment should begin within 3–4 weeks to prevent permanent scar contracture and fi brosis [ 17 ,  20 ,  21 ]. 

 When complete transaction has occurred, orbital exploration and primary anastomosis are recommended when the poste-
rior 20 mm of muscle is present and functional [ 19 ]. However, the volume loss from microdebrider injuries and contracture 
often preclude such anastomosis. Techniques such as interposition muscle grafts and hang back sutures can span the gap but 
the repaired muscle tends to loosen its strength and ocular movement remains restricted even after repair [ 22 ]. The early use 
of botulinum toxin to the opposing lateral rectus muscle is a useful adjunct to the surgical management. The paralysed lateral 
rectus is less prone to contracture, facilitates single vision in primary gaze more rapidly and minimises the force generated 
against the repaired muscle site. Unfortunately though, the prognosis after medial rectus injury is poor with establishment of 
a binocular single visual fi eld in the direction of primary gaze considered a success in most patients [ 22 ]. 

 The other major orbital structure at risk is the optic nerve. The CT scan should also be studied preoperatively for the pres-
ence of an Onodi cell. This is a posterior ethmoidal cell    that pneumatises over the anterior face of the sphenoid pushing the 
sphenoid inferiorly. Figure  25.3  shows an Onodi cell above the right sphenoid sinus and adjacent to a dominant left sphenoid 
sinus. The optic nerve lies in the lateral wall of the Onodi cell and if the surgeon is unaware of which cell they are in may 
mistake the posterior wall of the Onodi cells for the anterior face of the sphenoid and injure the nerve when trying to enter 
the sphenoid. The optic nerve has also been injured by continued dissection usually with a microdebrider through the orbit 
from the ethmoid cavity. Should the optic nerve be transected, the damage is irreparable.

  Fig. 25.3    An Onodi cell ( arrow ) above a small right sphenoid sinus       
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   There is little data relating to lesser injuries of the optic nerve. If the nerve has been directly injured, optic nerve 
 decompression is recommended with removal of any bone fragments indenting the canal, intravenous steroids can be admin-
istered as indicated for traumatic optic neuropathy and ophthalmology consulted [ 23 ]. Optic nerve transaction and on occa-
sions injury will result in blindness in that eye.  

    CSF Leak 

 Iatrogenic CSF leak can occur as a consequence of ESS along any part of the skull base but is most commonly seen on the 
thin lateral wall of the olfactory fossa. Often this will occur if an instrument is turned medially when dissecting along the 
anterior skull base. A CSF leak will usually be evident at the time of surgery. The authors favour two repair techniques, the 
fat graft “bath plug” technique and fascial underlay/free mucosa or pedicled mucosa graft. For small defects of up to 10 mm, 
the bath plug is recommended [ 24 ]. Loose bone is removed around the defect and mucosa is removed for 5 mm around the 
site. Fat is usually harvested from the ear lobule as this contains tightly knitted fat. If this is unavailable, as with multiple 
piercings, trochanteric fat which is also tightly knit can be used with the more loosely knit abdominal fat as a fi nal preference. 
The fat graft is prepared to be the same width as the defect (to allow it to be inserted) and about 20 mm long. A Vicryl suture 
is knotted at one end and inserted into the centre of one end of the graft and passed longitudinally to exit in the centre of the 
other end. The graft with the inserted suture is gently fed into the defect using a curved sinus seeker probe. If a ball probe is 
used, the ball tends to stick to the fat and pulls it back out of the defect as the instrument is removed. The instrument should 
only be inserted a small distance intracranially to prevent damage to intracranial structures. It is also easier to insert small 
portions of the fat graft at a time. Inserting large portions at once can cause the fat to become larger than the defect and be 
diffi cult to insert. When fully inserted, the probe in used to support the graft as the Vicryl suture is gently pulled. The fat 
slides along the suture and spreads out becoming larger than the defect and solidly sealing the defect. Some prolapse of fat 
through the defect is expected. The anaesthetist is asked to perform a forced inspiration manoeuvre. No CSF should be seen. 
Further fat prolapse may be seen as the fat plug is forced further into the defect. A free mucosal graft is slid up the suture and 
placed against the fat graft and demucosalised surrounding bone. Care is taken to correctly orientate this graft with the muco-
sal surface facing the nasal cavity. Fibrin glue is applied and then covered with Gelfoam. No other packing is applied. 

 If the skull base defect is larger than 10 mm, an underlay fascia lata graft is preferred. The graft should overlap the defect 
by 5 mm so it should be harvested 10–20 mm larger than the diameter of the defect. Especially when repairing meningoen-
cephaloceles, the prolapse brain tissue may need to be held up by a second surgeon while the graft is positioned. Pressure 
from the brain should then seal the graft in place, and no further CSF leakage should be seen. A free mucosal fl ap or pedicled 
septal fl ap is placed over the repair followed by fi brin glue and Gelfoam. The authors do not position bone or cartilage in the 
defect. The thickness of these materials pushes the fascia graft away from the edge of the defect and can then prevent the 
fascia from sealing the leak. Defects larger than 20 mm in diameter are not expected as complications of ESS surgery, and 
closure with an underlay fascia lata graft and pedicled septal fl ap is recommended.   

    Minor Complications 

    Frontal Sinus Trephines 

 Frontal sinus trephines can be 5 mm openings in the frontal bone to allow instruments to access the lateral frontal sinus 
without resorting to an open approach through either a Lynch Howarth incision or osteoplastic fl ap. Alternatively, they can 
be small mini trephines to allow the instillation of fl uorescein to aid location of the frontal ostium or to allow irrigation of the 
frontal sinus in the postoperative period. The anterior table of the frontal sinus is thick bone and care needs to be taken to 
prevent suffi cient heating of the bone and overlying skin to cause necrosis. This can result in osteitis with a persistent dis-
charge from the trephination site which may eventually heal with an unsightly scar. The trephining drill should be removed 
every 2 s and irrigated when performing the trephine. Care should be taken with under pneumatised frontal sinuses so that 
the trephine is not inserted intracranially. Before instilling fl uid into the frontal sinus, the CT scan should be checked for any 
dehiscence of the walls of the frontal sinus. Figure  25.4  demonstrates a small dehiscence of the right lateral frontal sinus 
above the orbit. Forced instillation of fl uorescein caused mucosal contents of the frontal sinus to prolapse into the preseptal 
compartment of the upper lid, the resultant mechanical obstruction to eyelid retraction producing a ptosis (Fig.  25.5 ). Even 

B.C. Hanna and P.-J. Wormald



471

  Fig. 25.4    Dehiscence ( arrow ) of fl oor in the lateral right frontal sinus       

  Fig. 25.5    Extravasation of frontal sinus contents ( arrow ) into preseptal compartment of right upper eyelid       
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if no dehiscence is found, fl uid should always be instilled into a frontal trephine with only gentle pressure. This is especially 
the case with frontal mucoceles which can erode the posterior table or orbital roof [ 25 ].

        Canine Fossa Trephination of the Maxillary Sinus 

 Trephination of the canine fossa of the maxillary sinus allows instruments (the microdebrider in particular) to access a much 
greater volume of the maxillary sinus for disease clearance than a maxillary antrostomy does. The microdebrider should not 
be activated until the blades can be visualised through the medial maxillary antrostomy if using this approach in case of 
misplacement of the blade into the orbit. A point of entry in the anterior wall of the maxillary sinus that lies at the intersection 
of the vertical midpupillary line and the horizontal alar base line has the least chance of injuring branches of the anterior 
superior alveolar nerve [ 26 ]. However, because of the varied anatomy of this nerve, 5 % of patients will still experience 
dysaesthesia and/or paraesthesia of the upper lip, gums or teeth after this procedure [ 27 ]. Although this represents a great 
improvement compared to the dysaesthesia after the Caldwell Luc approach, these symptoms are diffi cult to treat and 
patients should be adequately counselled preoperatively.  

    Adhesions and Middle Turbinate Lateralisation 

 Adhesions develop from fi brous replacement of organising blood clots on the surface of traumatised mucosa. They are the 
most common complication of ESS ranging in incidence from 1 to 36 % [ 28 ]. Sometimes adhesions can block the sinus 
drainage pathway and require revision surgery. Mucosal trauma can be decreased by careful surgical technique. Packing the 
nasal cavity displaces blood clots, but packs are associated with uncomfortable removal and bleeding with clot formation. 
There has been considerable investment in recent years in developing dissolvable haemostatic agents and nasal packs that 
can be positioned not to completely occlude the nasal cavity and which will not require uncomfortable removal. If placed in 
the middle meatus, they stent the middle turbinate to prevent lateralisation and will allow nasal breathing. 

 These materials have recently been reviewed and a brief synopsis is presented here [ 28 ]. Gelfoam and Gelfi lm (Pfi zer inc, New 
York, NY) were the fi rst absorbable packs to be tried. They stented the middle turbinate but caused granulation tissue formation 
and increased adhesions. Floseal (Baxter Inc., Deerfi eld, IL) is composed of bovine-derived gelatine matrix and human-derived 
thrombin. It is an effective intraoperative haemostat and, when used, also decreases postoperative bleeding. It may be associated 
with increased adhesions. Sepragel (Genzyme Co., Cambridge, MA), a hylan B gel (cross-linked hyaluronic acid molecule), did 
not affect haemostasis but was associated with decreased adhesions. A separate study has compared carboxymethylcellulose gel 
to no packing material and found no difference in the rate of adhesions [ 29 ]. There is some evidence that postoperative debride-
ment reduces adhesion formation [ 30 ]. Detractors have claimed that debridement may cause further bleeding and adhesions. 

 In addition to stenting the middle meatus with packing material, suturing the middle turbinates to the septum with a sol-
uble suture such as 4/0 viryl rapide can help prevent middle turbinate lateralisation [ 31 ]. A middle turbinate which has 
become fl ail at the end of an ESS procedure should be excised to prevent lateralisation.  

    Recurrent Disease 

 The most common causes of failure of sinus surgery are missed natural os of the maxillary sinus with recirculation, ostial 
stenosis, polyp formation, complicating contributive diagnosis, such as immune defi ciency, and chronic recalcitrant infec-
tion. Should the sinus cavities appear healthy on endoscopy, comorbid disease is suspected. This includes gastro- oesophageal 
refl ux which has a refl ex action that may produce postnasal drip or mucous [ 32 ]. Ongoing topical and systemic therapy may 
be required and if this fails revision surgery such as the modifi ed Lothrop procedure should be considered.  

    Lacrimal Injury 

 Damage to the nasolacrimal duct can occur when backbiting to perform an uncinectomy or enlarging an accessory maxillary 
antrostomy into the natural os [ 33 ]. The initial treatment is expectant with formal evaluation of the lacrimal drainage system 
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should epiphora occur with a view to endoscopic dacryocystorhinostomy. If trauma occurs during a modifi ed Lothrop 
 procedure or excision of an inverting papilloma, DCR can usually be performed at the same time as the surgery [ 34 ].  

    Olfaction 

 ESS is most often associated with improved olfaction. It has been proposed that this is because the existing infl ammation 
creates oedema which blocks the airfl ow to the olfactory receptors and that restoration of normal mucosa by disease control, 
even if it involves loss of some receptors, improves olfaction [ 35 ]. Patients should therefore be counselled that olfaction will 
usually improve after surgery, but this cannot be predicted for an individual patient and can sometimes remain the same (as 
in nasal polyposis with NSAID intolerance) or worsen [ 36 ].   

    Paediatric Complications 

 Children’s sinus anatomy differs to that of adults. The sinuses are less developed and the orbits are relatively larger [ 37 ]. As 
stated in the introduction, orbital complications in children are more common than skull base problems. Studies specifi cally 
addressing younger children have noted that successful surgery is more diffi cult in those under 6 and those under 3 required 
revision surgery in 75 % of cases. Maxillary ostial stenosis was a particular problem [ 38 ,  39 ].  

    Dealing with a Complication 

 Surgical complications can be devastating for both the patient and the surgeon. The patient suffers from loss of function, 
which in turn may affect their employment and livelihood and sometimes be a social handicap. If the complication was 
unexpected and severe, the surgeon will also suffer remorse, sorrow, loss of confi dence and possibly even anxiety. After a 
complication is recognised, the patient should be informed early and fully of what has happened. It is important that the 
patient does not develop mistrust of the surgeon because of the way in which the complication is handled postoperatively. 
The patient should be reviewed regularly to offer any support and medical treatment that is necessary. The surgeon should 
also confi de in colleagues and review the operative planning and procedure. This allows contributory factors to be identifi ed 
so that the complication will hopefully not recur. The occurrence of such a review should be documented. Neither the patient 
nor the surgeon should have cause to feel isolated after a complication.  

    Conclusions 

 Major complications after endoscopic sinus surgery are uncommon events. Prevention of these events by detailed preopera-
tive assessment of the CT scans and careful surgical dissection will obviously limit the frequency of such occurrences. Risk 
can never be eliminated though, and it is therefore essential for the surgeon to have an appreciation of possible adverse out-
comes and knowledge of how to manage them. It is essential that all ENT surgeons are able to deal with complications such 
as haemorrhage, orbital injury and CSF leak. Minor complications must be equally well managed for the patient to have the 
best possible outcome. All complications will have an impact on both the patient and the surgeon, and both parties should 
have access to adequate support systems.     
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    Chapter 26   
 Chronic Frontal Sinusitis 

             Murugappan     Ramanathan     Jr.       and        Andrew     P.     Lane     

           Introduction 

    Management of chronic frontal sinusitis is one of the greatest challenges in rhinology. The complicated and restricted 
 anatomy of the frontal sinus makes accessing this area quite diffi cult especially in the setting of mucosal infl ammation. This 
chapter will provide an overview of the anatomy of the frontal sinus followed by the diagnosis and management of various 
conditions that can cause frontal sinus infl ammation such as mucoceles and benign tumors. A special emphasis will be 
placed on common external and endoscopic surgical approaches as well as postoperative management of patients. Lastly, this 
chapter will outline common complications of untreated chronic frontal sinusitis as well as complications of surgery itself.  

    Anatomy of the Frontal Sinus 

 The anatomy of the frontal sinus and its drainage pathways is complex and highly variable. Embryologically   , the frontal 
sinus develops and expands from late childhood to early adolescence until the child reaches 18 years of age. Occasionally, 
frontal sinuses may develop asymmetrically or may be aplastic. Bilateral frontal sinus aplasia has been reported in 3–5 % 
patients. It is also not uncommon to have one dominant frontal sinus and a contralateral aplastic sinus. 

 The anatomic boundaries of the frontal recess are the following: (1) posterior wall of the agger nasi region anteriorly, (2) 
anterior wall of the ethmoid bulla posteriorly, (3) lamina papyracea laterally, (4) anterior vertical portion of the middle turbinate 
medially, and (5) ethmoid roof superiorly (Fig.  26.1 ) [ 1 ]. It is also important to appreciate that the frontal sinus outfl ow tract is 
not a simple circular duct but moreover resembles an hourglass with the inferior aspect confi gured like an inverted funnel on a 
sagittal view (Fig.  26.2 ). Several “frontal” cells can exist within the frontal recess that may complicate the drainage pathways 
(Table  26.1 ). For example, the frontal recess can be narrowed anteriorly by a well-pneumatized agger nasi cell. Broadly speak-
ing, the uncinate process dictates the fl oor and pattern of frontal drainage. If the uncinate process attaches to the skull base or 
the anterosuperior part of the middle turbinate, the frontal recess drains into ethmoidal infundibulum. In the majority of cases, 
the uncinate process attaches laterally on the orbit, and the frontal recess opens directly into the middle meatus. Suprabullar 
   and supraorbital ethmoid cells opening variably into the frontal recess are usually located posterior and lateral to the frontal 
sinus ostium. Highly pneumatized frontal recess cells can extend into or through the internal frontal ostium, may greatly 
impinge upon frontal sinus drainage, and can be mistaken for the frontal sinus itself during endoscopic surgery.

     Successful treatment of chronic frontal sinusitis requires restoration of normal mucociliary clearance patterns. Within the 
frontal sinus, mucus fl ows up the interfrontal sinus septum, laterally across the frontal sinus roof, medially along the frontal 
sinus fl oor, and fi nally down the lateral frontal recess (Fig.  26.3 ). It is critical to preserve mucosa within the frontal sinus 
outfl ow tract during surgery, because regenerated lining or scar tissue is unlikely to be as functional as the native membrane.
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  Fig. 26.1    Anatomy of the frontal recess in relation to the 
internal frontal ostium and surrounding ethmoidal anatomy 
(Adapted from Kountakis et al. [ 1 ]. With permission from 
Springer, 2013)       

Frontal sinus

Internal frontal Infundibulum

Internal frontal ostium

Frontal recess

  Fig. 26.2    The frontal sinus and frontal recess are similar to an 
hourglass. The frontal sinus itself is the top part of the 
hourglass and the inferior narrowing is the internal frontal 
infundibulum. The narrowest part of the hourglass is the 
internal frontal ostium. The frontal recess is the bottom part 
(also referred to as an “inverted” funnel)       

    Table 26.1    Cells of the frontal recess   

 Agger nasi cell 
 Supraorbital ethmoid cell 
 Frontal bullar cell 
 Suprabullar cell 
 Interfrontal sinus septal cell 
 Recessus terminalis 
 Type I: single cell above agger nasi cell 
 Type II: tier of cells 
 Type III: single massive cell that invades the frontal sinus and attaches to the anterior table 
 Type IV: cell within a cell; no communication with frontal recess 
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       Presentation and Diagnosis of Chronic Frontal Sinusitis 

 Most often, patients with chronic frontal sinusitis also have disease present in the other paranasal sinuses and lack localizing 
signs in the frontal region. A recent study found that among 70 patients with nasal polyps of the frontal recess or frontal 
sinus, only 29 % of patients complained of headaches or frontal pressure [ 2 ]. By defi nition, frontal sinusitis becomes chronic 
when the duration of symptoms is greater than 3 months. The majority of uncomplicated chronic frontal sinusitis has the 
potential to be reversed with treatment. However, when chronic frontal sinusitis becomes recalcitrant to repeated courses of 
medical therapy and multiple surgeries, it is a particularly challenging entity to control. The various management strategies 
for specifi c presentations of chronic frontal sinusitis, such as allergic fungal rhinosinusitis, mucoceles, or benign tumors 
(e.g., inverted papillomas or osteomas), are described in further detail later in the chapter. 

 A critical element of diagnosis is nasal endoscopy performed with adequate decongestion. The middle turbinate and 
middle meatus should be carefully examined for edema and secretions, which should be cultured if they appear abnormal. A 
more thorough endoscopic exam can be performed in patients with previous sinus surgery using angled (30°, 45°, or 70°) 
endoscopes. Non-contrasted multiplanar CT imaging is the gold standard for diagnosis. Sagittal reconstructions of fi ne-cut 
axial images will best demonstrate the anatomy of the frontal sinus outfl ow tract including the anterior-posterior dimensions 
in addition to any obstructing frontal recess cells (Fig.  26.4 ).

       Microbiology of Infections 

 The microorganisms involved in chronic frontal sinusitis are distinct from acute frontal sinusitis. A study by Brook et al. 
compared cultures from 15 patients with acute frontal sinusitis with 13 patients with chronic frontal sinusitis and found a 
predominance of Gram-negative bacilli ( H. infl uenzae, Klebsiella pneumoniae,  and  Pseudomonas aeruginosa ) and anaer-
obes ( Prevotella, Peptostreptococcus,  and  Fusobacterium ) in chronic frontal sinusitis patients. Patients with acute frontal 
sinusitis commonly grew out  H. infl uenzae, M. catarrhalis,  and  S. pneumoniae , which are all frequently found in acute 
maxillary, ethmoid, and sphenoid sinusitis as well [ 3 ]. Another study by Schlosser et al. obtained cultures from chronic 
frontal sinusitis patients via trephination and found that 38 % of patients had no growth of microorganisms, 21 % grew 
 Staphylococcus aureus , 21 % grew coagulase-negative  Staphylococcus , and 9 % grew out  H. infl uenzae  [ 4 ]. These studies 
emphasize that antibiotic selection in patients with chronic frontal sinusitis should refl ect coverage for these organisms.  

  Fig. 26.3    The  yellow arrows  depict frontal sinus mucociliary 
clearance. Mucus travels up the interfrontal sinus septum 
laterally and down the fl oor and through the lateral mucosa of 
the frontal recess (contiguous with the medial mucosa of the 
superior aspect of the middle turbinate)       

 

26 Chronic Frontal Sinusitis



478

    Medical Management of Chronic Frontal Sinusitis 

 Maximal medical therapy is the fi rst line of treatment for chronic frontal sinusitis prior to surgery similar to chronic maxil-
lary, ethmoid, or sphenoid sinusitis. This includes extended courses of antibiotics, which should be culture-directed when-
ever possible. Newer evidence also demonstrates that extended courses of macrolide antibiotics may exert an anti-infl ammatory 
effect [ 5 ,  6 ]. Other medications include oral and topical corticosteroids, nasal saline irrigations, mucolytics, and antihista-
mines if allergic. In addition, allergen immunotherapy is also recommended for atopic patients recalcitrant to antihistamines 
and leukotriene inhibitors. The side effects and interactions of these medications should be carefully evaluated with regard 
to patient comorbidities and relative contraindications. There remains a great debate as to what constitutes “maximal” medi-
cal therapy. Dubin et al. surveyed 308 members of the American Rhinologic Society and found that >90 % of practitioners 
used 3–4 weeks of oral antibiotics with nasal steroids [ 7 ]. In patients with previous endoscopic sinus surgery and/or frontal 
sinusotomy, additional topical steroid drops or rinses have shown to have some effi cacy in reducing infl ammation in the 
frontal recess [ 8 ].  

    Indications for Frontal Sinus Surgery 

 The indication for frontal sinus surgery depends on the clinical scenario and patient desires/expectations. Unnecessary 
instrumentation of the frontal recess itself is often the cause of chronic frontal recess stenosis and debilitating patient symp-
toms. Therefore, practitioners must be cautious in recommending surgery. Opacifi cation of the frontal sinus itself is not an 
indication for surgery as this likely represents retained secretions and secondary mucosal edema that may clear with medical 
therapy. In general, for chronic infl ammatory disease, patients must have failed a suffi ciently sustained and intensive course 
of medical therapy and have continued frontal sinus opacifi cation on CT scans with symptoms related to the frontal sinus 
region. In many patients, depending on the specifi c frontal sinus anatomy and extent of disease, a partial ethmoidectomy is 
suffi cient for drainage of the frontal sinus. In cases with recalcitrant chronic polypoid infl ammation or with AFRS, it is often 
necessary to open the frontal recess and remove polyps (and possibly fungus) to achieve the best ventilation. Other indica-
tions for frontal sinus surgery, either by endoscopic instrumentation of the frontal recess or rarely by open approaches, 
include mucoceles, tumors, obstructive osteomas, or barotrauma.  

  Fig. 26.4    Coronal    ( a ) and sagittal ( b ) depictions of the frontal recess ( yellow dots ) in relation to ethmoidal anatomy on high-resolution CT scan       
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    Preoperative Considerations 

 Preoperative planning is essential prior to endoscopic instrumentation of the frontal recess. The often narrow anatomy of the 
frontal recess in the setting of infl ammation can cause bleeding and poor endoscopic visualization of vital structures. It is 
essential that patients stop antiplatelet drugs, anticoagulants, or other medications that promote bleeding such as nonsteroidal 
anti-infl ammatory medications and supplements for 10–14 days prior to surgery. The authors also advocate the use of oral 
corticosteroids if tolerated by the patient preoperatively, as they have been shown to decrease intraoperative bleeding [ 9 ,  10 ]. 
Stereotactic computer-assisted image-guided navigation is frequently helpful in primary or revision endoscopic frontal sinus 
surgery. Regardless of the use of image guidance, patients should ideally undergo a fi ne-cut axial CT scan reformatted into 
coronal and sagittal views allowing for three-dimensional analysis of the frontal recess and its associated cells prior to sur-
gery. This imaging should be directly available to the surgeon in the operating room.  

    Endoscopic Approaches to the Frontal Sinus 

    Endoscopic Frontal Sinusotomy 

 Wolfgang Draf described a series of endoscopic endonasal approaches to draining the frontal sinus (Table  26.1 ): Type I, Type 
IIa/b, and Type III. The Type I procedure is a simple drainage procedure performed by an ethmoidectomy without instru-
menting the frontal recess. Type IIa/b represents extended drainage procedures achieved after an ethmoidectomy is per-
formed. Type IIa (also known as an endoscopic frontal sinusotomy) involves resecting the frontal sinus fl oor between the 
orbit and middle turbinate while Type IIb (extended frontal sinusotomy) extends this resection through the middle turbinate 
to the nasal septum unilaterally. Lastly the Draf III procedure (also referred to as an endoscopic modifi ed Lothrop) involves 
extending the Type IIb procedure to the contralateral orbit and resecting the intersinus septum whereby achieving median 
drainage. 

 Since the workhorse of surgery for chronic frontal sinusitis is the endoscopic frontal sinusotomy (Draf IIa), emphasis will 
be placed on the technical details and postoperative management of this procedure. Functional endoscopic sinus surgery of 
the frontal sinus employs all the basic tenets of surgery in the other sinuses. Surgery is directed at preserving the mucociliary 
clearance of the frontal sinus, primarily through preservation of the mucosa of the lateral frontal recess. 

 Proper instrumentation is critical for endoscopic frontal sinus surgery: high-resolution camera/video, 45° and 70° angled 
nasal endoscopes, and a complete set of frontal sinus instruments including thru-cutting    forceps (55° and 90°), seekers, 
curettes, and curved suctions. Powered instrumentation must be used with extreme caution within the frontal recess, but 
narrow-angled microdebrider blades can permit precise removal of soft tissue while avoiding mucosal stripping and injury. 
Lastly, stereotactic computer-assisted image guidance is crucial in chronic frontal surgery when anatomic landmarks are 
obscured by previous surgery or by profound infl ammation and polyps. Optimal registration of the image guidance system 
is essential to its use in frontal sinus surgery, and surgical judgment is needed to determine an appropriate level of confi dence 
in the navigational information. 

    General Operative Technique 

 To perform an endoscopic frontal sinusotomy, a standard uncinectomy and anterior ethmoidectomy is fi rst performed with 
middle turbinate preservation. The superior attachment of the uncinate process is removed under visualization with an angled 
endoscope (45° or 70°) and using thru-cutting frontal sinus punch forceps. At this time, the variable bony partitions within 
the frontal recess are identifi ed and the anatomic relationships corresponded to the preoperative imaging. In most cases, the 
uncinate will attach laterally on the upper orbital wall, creating a “recessus terminalis” that may be continuous with a pneu-
matized agger nasi cell system anteriorly. Removal of the remaining uncinate process insertion and “uncapping” of the agger 
nasi cell will frequently expose the internal frontal ostium. That being said, the variation in frontal recess cell confi guration 
is infi nite, so a unique operative strategy must be determined for each frontal sinusotomy. The common technical points 
include defi nitive identifi cation of the orbital wall and skull base, avoidance of mucosal stripping, and meticulous removal 
of bony fragments. At no time should instruments or suctions be forced through the frontal recess as this can lead to mucosal 
trauma and disruption of normal anatomy, not to mention risk of inadvertent orbital or skull base entry. Once an opening is 
achieved into the frontal sinus, remaining bony partitions may be further dissected and removed to maximize the dimensions 
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of the frontal opening. When supraorbital cells are present, they will be found posterior and lateral to the frontal ostium. 
Large supraorbital ethmoid cells may be mistaken for the frontal sinus itself. Removal of the dividing wall between the fron-
tal sinus and supraorbital cell will help ensure patency of both outfl ow tracts (Fig.  26.5 ). Image guidance may be employed 
to verify the position of the middle turbinate insertion, orbital wall, frontal bone, and skull base, which comprise the margins 
of the sinusotomy (Fig.  26.6 ).

    An alternative direct approach to opening the frontal sinus can be achieved in select patients with well-aerated agger nasi 
cells by “punching” out the anterior face and superior part of the agger nasi cell starting at the axilla of the middle turbinate 
attachment using a Kerrison punch [ 11 ]. This allows immediate visualization into the frontal recess using a 0° scope. While 
this technique has the potential to destabilize the middle turbinate, two published series report no increased incidence of 
middle turbinate lateralization [ 11 ,  12 ].   

  Fig. 26.5    Patient with chronic frontal sinusitis secondary to lateralization of a previously resected middle turbinate stump. ( a ) Coronal and sagittal 
CT scans with the coronal image depicted the lateralized middle turbinate stump. ( b ) Nasal endoscopy with a zero-degree scope.  S  septum,  C  
cribriform plate,  MT  middle turbinate. ( c ) Endoscopy with a 45° scope after the middle turbinate stump has been resected and frontal recess is 
visible.  FS  frontal sinus. ( d ) Final view demonstrating frontal sinus and supraorbital ethmoid ( SOE ) tract       
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    Endoscopic Modifi ed Lothrop Procedure (EMLP) or “Frontal Drill Out” 

 Lothrop’s initial frontal sinusotomy consisted of an external ethmoidectomy to enlarge the nasofrontal drainage pathway 
while removing the fl oors of the frontal sinuses through a large nasal septectomy and removal of the lacrimal bone and part 
of the lamina papyracea [ 13 ]. Montgomery introduced and later popularized the osteoplastic frontal sinus fat obliteration 
procedure, whereby the anterior table of the frontal sinus was removed, the mucosa was stripped out, fat was placed into the 
sinus, and the bone fl ap was replaced [ 14 ]. 

 The introduction of nasal endoscopes and angled instrumentation allowed for better visualization of the frontal recess, 
and, subsequently, the Lothrop procedure was modifi ed by Draf to be performed endoscopically in patients refractory to 
standard endoscopic frontal sinusotomy. Gross later went on to develop the modern-day endoscopic modifi ed Lothrop pro-
cedure (EMLP) which removes the bilateral frontal sinus fl oors, upper part of the middle turbinates, and septum/interfrontal 
sinus septum using a powered endoscopic drill [ 15 ] (Fig.  26.7 ). The success of this procedure depends on the frontal recess 
anatomy and mucosal pathology. Anatomically, the anterior-posterior dimension at the superior margin of the frontal recess 
should be at least 1.5 cm, and the anterior-posterior thickness of the nasal beak should not exceed 1 cm. EMLP has an impor-
tant place in the armamentarium of the endoscopic sinus surgeon as a revision approach when a standard frontal sinus 
approach has failed due to scarring or recalcitrant disease. The development of extended endoscopic approaches to the 

  Fig. 26.6    Patient with chronic polypoid rhinosinusitis involving the frontal sinus. Panel  a  shows coronal and axial CT scans which depict a central 
frontal sinus cell, noted by an  asterisk  (*). ( b – d ) Shows an endoscopic view of the frontal recess using a 45° endoscope. ( b ) Frontal recess anatomy 
including the central frontal cell (*). ( c ) The interfrontal sinus septum is partially removed and the central frontal cell (*) is enlarged. ( d ) Frontal 
recess after completely removing the interfrontal sinus septum, incorporating the L frontal sinus and central cell into one cavity. Note the infl amed 
mucosa.  MT  middle turbinate,  O  orbit       
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frontal sinus has decreased the need for more invasive open procedures. EMLP has likewise been employed in the manage-
ment of tumors such as inverting papillomas and osteomas, where the large frontal opening allows suffi cient access for resec-
tion as well as postoperative surveillance in the clinic.

   The outcomes of EMLP have been reported by many groups, with patency rates of 87.5–93 % at 22–24 months and pri-
mary complications of postoperative stenosis secondary to mucosal trauma in the frontal recess from drilling [ 16 ,  17 ]. In 
order to reduce this mucosal trauma, use of thru-cutting punches may be preferable to drilling when feasible [ 18 ]. Alternatively, 
some groups have also reported covering the bare bone in the frontal recess after drilling with mucosal transplants from the 
nasal septum or inferior turbinate [ 19 ,  20 ].  

    Balloon Catheter Dilation of the Frontal Sinus 

 The concept of balloon catheter dilation of sinuses was modeled after catheter-based interventions in cardiology and urol-
ogy and was fi rst introduced in 2006 through an initial feasibility study in cadavers [ 21 ]. The proposed advantage of bal-
loon catheter dilation of the frontal sinus is less trauma to the frontal recess mucosa, thereby preventing long-term scarring. 
Although various balloon products exist, the general technique is to place a guidewire by endoscopic guidance into the 
frontal recess (with or without an ethmoidectomy). Although fl uoroscopy was initially used to confi rm placement, guide-
wires with a lighted tip are more commonly used to confi rm placement into the frontal sinus by transillumination of the 
frontal sinus. Next a balloon catheter is threaded over the guidewire into the frontal recess and infl ated, causing the agger 
nasi and frontal recess cells to be crushed (Fig.  26.8 ). Although these procedures were formerly only performed in the 
operating room, practitioners have started performing balloon dilation of sinuses in the offi ce with topical anesthesia.

   The long-term patency of the frontal recess after balloon dilation is not well understood. One study reported an 82 % fron-
tal recess patency rate after 24 weeks following the procedure [ 22 ]. Another study reported an 86 % patency rate after a mean 
of 13-month follow-up [ 23 ]. Unfortunately, no other studies report long-term patency rates following balloon dilation. 

 Although balloon catheter dilation of the frontal sinus appears safe and fairly effective, the indications for balloon catheter 
dilation of the frontal sinus remain controversial with reports of its use for acute frontal sinusitis, frontal headaches, and 
recurrent acute rhinosinusitis. At present, many experts believe that the indications to perform a frontal sinusotomy should 
not change with the introduction of new technology such as the balloon catheter.   

  Fig. 26.7    View of an endoscopic modifi ed Lothrop procedure. 
 O  orbit,  FS  frontal sinus,  MT  middle turbinate       
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    Postoperative Management 

 Meticulous postoperative management is crucial following endoscopic frontal sinus surgery to retain patency of the frontal 
recess. Postoperative outcomes are directly infl uenced by intraoperative decisions including mucosal preservation and manage-
ment of the middle turbinate to prevent lateralization. A lateralized or scarred middle turbinate from previous resection can 
cause chronic frontal sinusitis through closure of the frontal recess (Fig.  26.6 ). Special maneuvers to retain a patent middle 
meatus include preventing middle turbinate destabilization by preserving adequate attachments, the use of middle meatal spac-
ers, and controlled synechiae techniques or suture pexy of the middle turbinate to the septum [ 24 ]. Further infections and infl am-
mation are limited by the use of postoperative antibiotics and the addition of oral corticosteroids in patients with nasal polyps. 

 The use of intraoperative frontal recess stenting remains controversial. In theory, with circumferential mucosal preserva-
tion, stenting is not required. If there is concern for mucosal integrity or the dimensions of the internal frontal ostium are 
small, stents can be placed. Kuhn et al. advocated the use of custom-designed 0.01 in. silastic sheeting which is rolled up and 

  Fig. 26.8    Patient undergoing balloon    sinus dilation of the frontal sinus. ( a ) Endoscopic anatomy of the middle meatus.  MT  middle turbinate,  U  
uncinate. ( b ) Once the guidewire is inserted into the frontal sinus between the uncinate process ( U ) and ethmoidal bulla ( B ), the balloon catheter 
( B ) is threaded over the guidewire through an angled sheath (seen in  blue ). ( c ) The balloon ( B ) is infl ated causing the frontal recess cells to be 
crushed. ( d ) Endoscopic view with a 45° scope depicting the frontal sinus       
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placed through the internal frontal ostium [ 25 ]. Other commercial frontal sinus stents also exist with the ability to elute cor-
ticosteroids. These products have not been well studied, and, again, their long-term effi cacy is not known. 

 After middle meatal spacers are removed (if no spacers are placed, patients start rinsing after 24 h), patients are asked to start 
low-pressure high-volume saline irrigations twice a day. Practitioners follow different schedules to debride patients, and this is 
dictated largely by individual patients’ healing course. For adequate debridement, the patient must be properly decongested and 
topically anesthetized, and the surgeon must have instrumentation suitable for frontal sinus manipulation. The frontal recess is 
examined using either a 45° or 70° endoscope, and blood clots are gently and meticulously suctioned out of the recess under 
direct visualization. An olive tip suction is not forced into the sinus blindly as this can cause further trauma and bleeding. In 
subsequent visits, the frontal recess will become less edematous, and bony fragments may become visible that were not initially 
apparent. These should be removed, and any adhesions or webbing should be divided with thru-cutting forceps to maintain wide 
sinus ostial patency. After revision frontal sinusotomy in chronically infl amed patients, repeated offi ce dilation of the frontal 
opening may be needed to achieve a stable patent opening (Fig.  26.9 ). In the face of ongoing infl ammation, topical corticoste-
roids may be applied as drops placed in the Moffett or “Mecca” positions (maneuvers to place the frontal sinus in a dependent 
position) or added to nasal saline irrigation solution. Systemic corticosteroids may also be used judiciously if persistent infl am-
mation or polyps obstruct the frontal recess and interfere with complete postoperative healing. A subset of patients will continue 
to have chronic frontal sinusitis despite adequate frontal sinus openings. In these cases, intrinsic infl ammatory mucosal disease 
is presumed, and ongoing medical therapy may be required to maintain control over symptoms.

   In conclusion, successful outcomes in frontal sinus surgery require meticulous intraoperative and postoperative attention 
to detail. The focus is on mucosal preservation and restoration of mucociliary function. In cases of recalcitrant chronic fron-
tal sinus infl ammatory disease, complete frontal sinusotomy followed by conscientious postoperative care optimizes access 
for long-term topical therapies.  

    External Surgical Approaches to the Frontal Sinus 

 Historically, frontal sinus disease was treated using open or external approaches using trans-facial incisions. The fi rst report 
of a frontal sinus trephination dates back to 1800. Other open approaches were popularized by Lynch with his fronto- 
ethmoidectomy in the 1920s and by Montgomery using the osteoplastic fl ap approach with fat obliteration of the frontal 
sinus, which for years was considered the gold standard for management of frontal disease. Although numerous open 
approaches exist, the more commonly used techniques are described below. 

  Fig. 26.9    Postoperative endoscopic examination (at 2 months) of a patient who underwent an endoscopic frontal sinusotomy for chronic sinusitis. 
( a ) Soft tissue stenosis of the frontal recess ( yellow circle ),  MT  middle turbinate. ( b ) Open frontal recess following dilation using a Farrell cotton 
applicator in the clinic       
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    Trephination 

 Frontal sinus trephination allows direct access into the frontal sinus and is most commonly employed for drainage of 
acute frontal sinusitis. However, this technique can also be combined with endoscopic approaches to perform an “above 
and below” dissection, which can allow access to laterally or superiorly located lesions in the frontal sinus. The proce-
dure itself is performed through a 1–2 cm incision carefully placed in the eyebrow, medial to the supraorbital neurovas-
cular bundle, with beveling parallel to the hair shafts. The inferior limit should be above the medial canthus to avoid 
injury to the trochlea. Dissection is carried down to the bone, and the incision is retracted superiorly while a 4 mm drill 
bit is used to make the external trephine into the frontal sinus anterior wall, which can be enlarged using Kerrison 
punches if needed. The pathology of the frontal sinus can then be addressed using an endoscope and instruments through 
the trephine. Alternatively, a “mini- trephine” can be used to localize the frontal recess endoscopically through irrigating 
the trephine with methylene blue- stained saline while visualizing the middle meatus. These uses of trephination to iden-
tify the frontal sinus and safely dissect the frontal recess have become less commonplace with the availability of reliable 
computer-assisted surgical navigation. In cases of unilateral chronic frontal sinusitis with a well-aerated contralateral 
frontal sinus, a frontal intersinus septum takedown (FISST) procedure can be performed via a trephine or an endoscopic 
approach to aerate the diseased frontal sinus through the contralateral healthy frontal recess (Fig.  26.10 ) [ 26 ].

       Frontal Sinus Osteoplastic Flap 

 Although the frontal sinus osteoplastic fl ap procedure with or without obliteration was the salvage procedure traditionally used 
for infl ammatory frontal sinus disease recalcitrant to endonasal approaches, the endoscopic modifi ed Lothrop procedure has 
largely taken over as the endoscopic salvage procedure of choice. Most osteoplastic fl aps are now performed for tumors such as 
osteomas and inverting papillomas, for laterally located lesions, or for frontal sinus fractures. The osteoplastic fl ap itself provides 
wide access to the entire frontal sinus and is generally approached using a bicoronal scalp incision. A subperiosteal dissection is 
performed to the supraorbital ridge and over the root of the nose. While the position of the frontal sinus was previously identifi ed 
using a plain X-ray template, image guidance is now often used to outline the borders of the frontal sinus. Osteotomies are made 
using a combination of the oscillating saw and osteotomes, and titanium plating is used to reattach the bone fl ap at the conclusion. 
Once the bony fl ap is removed, there is wide access to the frontal sinus to address pathology. At that point, there is an option of 
replacing the osteoplastic fl ap and leaving the sinus aerated and connected to the nasal cavity or attempting to obliterate the sinus. 

 Frontal sinus obliteration involves stripping of the lining, drilling the bony walls of the frontal sinus to remove all remain-
ing mucosa, and placing fat or muscle inside the sinus after plugging the frontal recess. This procedure carries a high rate of 
mucocele formation and carries a high revision rate with time as is it is diffi cult to completely remove the mucosa in the 
irregular crevices of the frontal sinus [ 27 ,  28 ]. In addition, obliteration of the frontal sinus with fat after tumor resection does 
not allow for postoperative radiographic or endoscopic surveillance. 

 An alternative external approach to the frontal sinus for tumors is a trans-blepharoplasty orbitofrontal mini craniotomy 
[ 29 ]. This procedure is performed entirely through an upper blepharoplasty cosmetic incision and makes a mini orbitofron-
tal osteotomy only involving the frontal sinus and orbital rim. This approach allows for an opening that can accommodate 
an endoscope and instruments to be placed for resection of lesions (Fig.  26.11 ). The trans-blepharoplasty orbitofrontal mini 
craniotomy is less invasive and has less postoperative morbidity compared to the osteoplastic fl ap approach.

       Cranialization 

 Cranialization of the frontal sinus is a modifi cation of the osteoplastic fl ap technique that involves removal of the posterior 
frontal sinus table. It is reserved for severe comminuted fractures of the frontal sinus or in cases of posterior table destruction 
due to infl ammation or neoplasms. Figure  26.12  depicts a patient who previously underwent a frontal craniotomy with oblit-
eration of the frontal sinus and presented 3 years later with chronic frontal sinusitis. Given the posterior table defects, crani-
alization was the safest method to manage this patient.

        Special Management Considerations for Various Frontal Sinus Pathologies 
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    Frontal Sinus Mucoceles 

 Mucoceles are slow-growing expansile cysts of mucus secreted by goblet cells. They commonly occur in the frontal sinus 
causing isolated frontal sinus opacifi cation and/or localized pain and pressure symptoms. Infected mucoceles are called 
mucopyoceles. Long-standing mucoceles also tend to be locally destructive causing bony resorption and often displacement 
of the orbit (Fig.  26.13 ). Delayed mucoceles of the frontal sinus can occur years after a frontal sinus fracture or a conse-
quence of surgical approaches that involve the frontal sinus that did not adequately address the frontal sinus outfl ow tract 
such as a frontal craniotomy [ 30 ]. In addition, frontal sinus obliterations can frequently result in a mucocele secondary to 

  Fig. 26.10    Patient with isolated right frontal sinusitis with a history of a medial orbital wall fracture with fat and medial rectus herniation into the 
right ethmoid cavity. A right frontal sinus trephine with frontal intersinus septum takedown (FISST) was performed. ( a ) Coronal CT with right 
frontal opacifi cation but normal left frontal sinus. ( b ) Coronal CT 6 months after FISST shows a well-aerated right frontal sinus. ( c ) Intraoperative 
endoscopy into the right frontal sinus through a trephine. Shows edematous mucosa fi lled with mucus. ( d ) Endoscopic view with a 70° scope shows 
part of the frontal intersinus septum that was removed including a view of the normal left frontal sinus (*)       
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inadequate removal of the frontal sinus mucosa and fat or muscle placed in the frontal sinus and its recess [ 31 ]. Most muco-
celes can be marsupialized endoscopically. Since bone may be dehiscent, care must be exercised when using powered instru-
mentation to prevent a CSF leak or orbital injury. A combined “above and below” approach using a trephine and endoscope 
can be used for laterally occurring mucoceles.

       Chronic Polypoid Frontal Sinusitis 

 Chronic rhinosinusitis with nasal polyps frequently affects all sinuses including the frontal sinus (Fig.  26.14 ). Numerous 
etiologies exist with regard to the pathogenesis of nasal polyps ranging from chronic biofi lms, superantigen stimulation of 
the nasal mucosa, dysregulated host epithelial barrier function, and epithelial innate immune dysfunction [ 32 – 34 ]. While the 
frontal recess can commonly have nasal polyps, the frontal sinus itself in these patients is usually fi lled with post-obstructive 
secretions or infl amed mucosa rather than frank polypoid changes (Fig.  26.5 ). A study by Larsen et al. shows that most nasal 
polyps originate from the mucosa of the ostia, clefts, and recesses, three entities that are not found in the frontal sinus [ 35 ]. 
Most patients with this condition complain of thick nasal drainage, anosmia, and nasal obstruction. Many do not complain 
of specifi c headache or frontal pressure. Although endoscopic sinus surgery was initially performed to ventilate sinuses, the 
primarily goal of performing an endoscopic frontal sinusotomy in managing recalcitrant polypoid sinusitis is particularly to 
provide access for topical therapy. Surgery itself is not a cure for this condition but is an important part of the overall manage-
ment of chronic polypoid infl ammation. Numerous modalities exist to deliver topical medications to the sinuses, spanning 

  Fig. 26.11    Patient    with inverted papilloma of the frontal sinus. Instead of the traditional osteoplastic fl ap, this patient underwent a trans- blepharoplasty 
orbitofrontal mini craniotomy to access the frontal sinus using an endoscope. ( a ) Fine-cut coronal and sagittal CT scans depicting bony encasement of 
the inverted papilloma crossing midline. ( b ) Endoscopic view of a frontal sinusotomy with a 70° scope depicting inverted papilloma (*).  PTFS  poste-
rior table of the frontal sinus. ( c ) Orbitofrontal osteotomies (medial to the supraorbital neurovascular bundle which is visible) to access the frontal sinus 
via a trans-blepharoplasty incision. Tumor is immediately encountered (*).  OR  orbital rim. ( d ) Endoscopic view at the end of a surgery using a 70° 
scope shows no residual tumor and a clear view into the frontal sinus ( FS ). Endoscopy through this opening will allow for surveillance of inverted 
papilloma in the clinic       
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  Fig. 26.12    Coronal ( a ) and sagittal ( b ) CT scans from a patient who underwent a frontal craniotomy for a meningioma and had his frontal sinus 
obliterated with muscle 3 years ago. This patient developed forehead pressure and pain and therefore underwent cranialization due to the extensive 
posterior table defects       

  Fig. 26.13    Coronal CT from a patient with bilateral frontal sinus 
mucoceles causing extensive erosion of the orbital roofs       

from medication vials (antibiotics, corticosteroids, or antifungals) that can be added to saline irrigation bottles to medications 
that can be directly nebulized. In addition, patients with allergies are adjunctively managed with antihistamines, leukotriene 
inhibitors, or allergen immunotherapy. Lastly, for patients who do not desire surgery or are poor surgical candidates, primary 
therapy can focus on prolonged courses of oral corticosteroids and medicated irrigations.
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       Allergic Fungal Frontal Sinusitis 

 Allergic fungal rhinosinusitis (AFRS) is a condition associated with an atopic response to fungi. AFRS is associated with an 
intense eosinophilic infl ammatory response associated with thick allergic mucin. AFRS is considered as the sinonasal cor-
relate of allergic bronchopulmonary aspergillosis (ABPA) and creates a cycle of sinonasal mucostasis, fungal proliferation, 
and obstruction associated with infl ammatory polyps. The disease is thought to be an atopic reaction to dematiaceous fungi 
in an otherwise immunocompetent host. There is also a clear geographic predilection for AFRS in humid regions such as the 
southeast and southwest. AFRS can often mimic a tumor by its unilateral presentation and ability to cause bony remodeling, 
decalcifi cation, and extension into surrounding spaces including the orbit. Mukherji et al. in a radiographic study estimate 
that the frontal sinus is involved in as high as 71 % of cases [ 36 ]. The proximity to the frontal sinus to the anterior cranial 
fossa and orbit makes it necessary to surgically address AFRS disease in this location. Many patients upon presentation often 
have dehiscences of the orbit or posterior table of the frontal sinus, making surgery more challenging (Fig.  26.15 ).

  Fig. 26.14    Coronal ( a ) and 
sagittal ( b ) CT scans from 
a patient with chronic 
polypoid sinusitis (involving 
both frontal recesses) despite 
multiple surgeries       

  Fig. 26.15    Coronal ( a ) and sagittal ( b ) CT scans from a patient with allergic fungal rhinosinusitis (AFRS) who previously underwent a craniofa-
cial resection (bifrontal craniotomy present) in a foreign country. Note the dehiscence of bone in the right posterior table of the frontal sinus       
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   Therapy usually begins with oral corticosteroids to reduce infl ammation in preparation for surgery and often continues 
postoperatively. The surgical goals are to endoscopically evacuate fungal concretions and allergic mucin from the frontal 
sinus to minimize the atopic response and to allow access for topical therapy. In general, AFRS patients tend to improve 
rapidly after the fungus has been removed and mucosal infl ammation is controlled. Since AFRS does tend to recur, many 
patients do require long-term medical and surgical therapy with endoscopic monitoring.  

    Frontal Sinus Inverted Papilloma 

 Schneiderian inverted papilloma is a benign soft tissue tumor occurring unilaterally that has a propensity to transform into 
squamous cell carcinoma. Rates of malignant transformation vary but most authors agree on 10 % [ 37 ]. Inverted papilloma 
also has the propensity to recur despite surgical excision with reported recurrence rates between 25 and 50 %. The high rate 
of recurrence is primarily due to incomplete resection [ 38 ]. Traditionally the management of inverting papilloma without 
involvement of the frontal sinus was through a lateral rhinotomy or midfacial degloving approach. Extension of inverting 
papilloma into the frontal recess or frontal sinus manifesting as unilateral chronic frontal sinusitis can be challenging to man-
age. Endoscopic approaches (either frontal sinusotomy or modifi ed endoscopic Lothrop procedure) are gaining popularity in 
managing inverting papilloma involving the frontal recess. A recent systematic review of frontal sinus inverting papilloma 
cases reports that over 60 % of cases were exclusively managed endoscopically [ 39 ]. Unfortunately, inverted papillomas that 
extend higher into the frontal sinus may require open approaches such as osteoplastic fl aps. Regardless of the papilloma 
location, the endoscopic approach is commonly used concurrently with an open approach since the ultimate goal is to create 
a cavity that can be monitored endoscopically for recurrence in the clinic    (Fig.  26.16d ).

  Fig. 26.16    Patient    with left frontal recess inverting papilloma initially presenting with exclusive forehead pressure. ( a ) Coronal and sagittal CT 
scans with left frontal sinus opacifi cation. The  yellow circle  represents the bony attachment of the tumor to the frontal recess. ( b ) Endoscopic view 
with a 70° scope showing tumor obstructing the fontal recess. ( c ) Further resection of the tumor endoscopically allows ventilation of the frontal 
sinus and highlights the attachment site of the tumor depicted by a “*”. ( d ) Endoscopy at 1-year postoperative visit with a 30° scope in the offi ce 
shows no evidence of tumor recurrence and a patent frontal sinus       
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       Fibro-Osseous Frontal Sinus Tumors 

 Benign fi bro-osseous tumors such as osteomas are the most common tumors of the frontal sinus. Osteomas can be present in 
the general population without symptoms and are often incidental fi ndings on routine imaging. However, with enlargement 
they can cause obstruction in the frontal recess causing obstructive secretion retention (Fig.  26.17 ). Resection of osteomas can 
be very challenging depending on location and proximity to the skull base and the anterior ethmoid artery. Although most 
osteomas can be approached endoscopically, those that arise laterally or superiorly in the frontal sinus may require an open 
approach.

        Complications 

 Most of the complications from untreated frontal sinusitis are from acute infections and result from spread of infection to 
adjacent anatomical structures such as the orbit and brain. Orbital complications are the most common followed by intracra-
nial complications, frontal bone osteomyelitis, and lastly soft tissue abscesses [ 40 ]. Orbital infections arising from the frontal 
sinuses evolve through direct extension of the infection or via retrograde thrombophlebitis. Complicating orbital infections 
can start with periorbital cellulitis eventually leading to a subperiosteal abscess, orbital abscess, and cavernous sinus throm-
bosis if left untreated [ 41 ]. In general, orbital infections secondary to a frontal sinusitis tend to be aggressive and more often 
require surgery drainage as well as a medical approach. 

 Although less common in the antibiotic era, central nervous system complications of frontal sinusitis still occur. The 
frontal sinus is the most common sinus source of intracranial complications including meningitis, epidural abscess, subdural 
empyema, intracerebral abscess, and cavernous sinus or superior sagittal sinus thrombosis. 

 Infection can travel hematogenously from the frontal sinus to the intracranial space via small valveless diploic veins 
(veins of Breschet) that extend from the posterior table of the frontal sinus to the venous plexi of the periosteum and dura 
[ 42 ]. In most cases, the intracranial process should be addressed simultaneously with the frontal sinus (usually approached 
via trephination) for optimal care. 

 CNS complications from functional endoscopic sinus surgery are often increased when the frontal sinus is addressed. 
Numerous factors such as the narrow and variable anatomy of the frontal recess, poor visualization with infl ammation and 
bleeding, and skill level of the surgeon can lead to violation of the skull base resulting in a cerebrospinal fl uid (CSF) leak. In 
addition, other frontal sinus pathologies such as mucoceles and AFRS can cause dehiscences of the posterior table, making 
instrumentation of this area more vulnerable to a CSF leak. Lastly, more aggressive surgical techniques such as the modifi ed 
endoscopic Lothrop procedure can carry an iatrogenic CSF leak as high as 10 % [ 43 ].  

  Fig. 26.17    Coronal ( a ) and sagittal ( b ) CT scans from a patient with a large left frontal sinus osteoma with post-obstructive secretions lateral to 
the osteoma       
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    Conclusion 

 Chronic infl ammation of the frontal sinus remains diffi cult to manage for numerous reasons. The complicated anatomy and 
critical location of the frontal sinus make instrumentation particularly diffi cult especially in an infl ammatory state. Numerous 
conditions can cause chronic frontal sinusitis including polypoid infl ammation, AFRS, mucoceles, or tumors, and the man-
agement of each of these conditions is unique. With technological advances in angled instrumentation and scopes and ste-
reotactic image guidance, endoscopic approaches are now the mainstay of frontal sinus surgery, reserving external approaches 
largely for tumors. Meticulous preoperative and intraoperative planning and postoperative debridement are crucial in achiev-
ing the best postoperative frontal sinus surgery outcomes.     
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    Chapter 27   
 Orbital and Intracranial Complications of Acute 
and Chronic Rhinosinusitis 

             Jan     Kastner      ,     Daniel     Simmen      ,     David     Netuka      ,     Jan     Kastner     Sr.     , and     Volker     Gudziol    

           Introduction 

    The Task Force of the American Rhinologic Society has defi ned rhinosinusitis as a condition manifested by an infl ammatory 
response involving the mucous membranes of the nasal cavity and paranasal sinuses and/or underlying bone. Symptoms 
associated with rhinosinusitis are varied and include nasal obstruction, congestion, anterior discharge, postnasal drip, facial 
pressure and pain, cough and sometimes hyposmia/anosmia, headache, fatigue and ear pressure [ 1 ]. The European Position 
Paper on Rhinosinusitis and Nasal Polyposis clinically defi nes rhinosinusitis as infl ammation of the nose and paranasal 
sinuses characterised by two or more symptoms, one of which should be either nasal obstruction or nasal discharge, facial 
pressure and/or loss of smell, and supported by positive endoscopic fi ndings and/or sinus CT pathology [ 2 ]. Rhinosinusitis 
is further subdivided by the duration of symptoms. In acute rhinosinusitis (ARS), the symptoms last less than 12 weeks. 
Chronic rhinosinusitis (CRS) is defi ned as symptoms lasting more than 12 weeks. Finally, the defi nition also includes the 
presence or absence of nasal polyposis. 

 Clinical ENT examination is preferably performed using rigid or fl exible endoscopes (Fig.  27.1 ) which aid in the scrutiny 
for otherwise more serious illness (Fig.  27.2 ). Computerised tomography of the paranasal sinuses is not recommended 
unless the course of disease is very severe, the patient is immunocompromised or the clinical signs of complications are 
present.

    Complications of acute rhinosinusitis involve extension of disease into surrounding tissues. Complications are, therefore, 
divided into orbital, intracranial and osseous or soft tissue involvement. Osseous complications (found mostly in chronic 
rhinosinusitis) include osteitis and osteomyelitis, foremost of the frontal bone. Early recognition of orbital and intracranial 
complications is particularly important due to their high morbidity and occasional mortality.  
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  Fig. 27.1    Flexible endoscopy in a paediatric patient. The examination 
enables visualization of the nasal cavity, adenoids and larynx       

  Fig. 27.2    Patient with chondrosarcoma of the nasal cavity/skull base in 
an MRI sagittal scan.  Red arrow  shows that the process is located approx 
four centimeters from the nasal vestibule, which is not obvious using 
anterior rhinoscopy, but only after nasal  endoscopy (he was ‘treated’ 
with local corticosteroids at allergology dept. for several months as 
allergic rhinitis was presumed and nasal endoscopy not performed)       
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  Fig. 27.3    Scheme of various 
orbital infl ammatory processes 
refl ecting anatomical 
relationships       

    EP 3 OS 2012 

 In 2012, the European Rhinologic Society updated similar evidence-based position papers published in 2005 and 2007 – the 
European Position Paper on Rhinosinusitis and Nasal Polyps. The document contains chapters on defi nitions and classifi ca-
tion, newly proposed defi nitions for diffi cult to treat rhinosinusitis, control of disease and better defi nitions for rhinosinusitis 
in children. More emphasis was placed on the diagnosis and treatment of acute rhinosinusitis. Throughout the document, the 
terms chronic rhinosinusitis without nasal polyps and chronic rhinosinusitis with nasal polyps are used to further point out 
differences in pathophysiology and treatment of these two entities. There are extensive chapters on epidemiology and pre-
disposing factors, infl ammatory mechanisms, differential diagnosis of facial pain, genetics, cystic fi brosis, aspirin- 
exacerbated respiratory disease, immunodefi ciencies, allergic fungal rhinosinusitis and the relationship between upper and 
lower airways. The chapters on paediatric acute and chronic rhinosinusitis were totally rewritten. All available evidence for 
management of acute rhinosinusitis and chronic rhinosinusitis with or without nasal polyps in adults and children was ana-
lysed and presented, and management schemes based on the evidence were proposed. The complications associated with 
rhinosinusitis were reviewed and analysed. The full document can be downloaded for free on the website of Rhinology 
International Journal:   http://www.rhinologyjournal.com     [ 3 ].  

    Classifi cation of Rhinosinusitis Complications 

  Orbital complications  have been defi ned according to several classifi cations. They refl ect the anatomy of the orbit and the 
mechanism causing the infl ammation (Fig.  27.3 ) (Tables  27.1  and  27.2 ). Hubert in 1937 was the fi rst to classify these com-
plications. He studied clinical data from about 114 patients during the preantibiotic era. He based his classifi cation on the 
anatomy of orbit, perceived progression of infection, responsiveness to treatment and general prognosis [ 4 ]. In 1970, 
Chandler modifi ed this classifi cation system further. He divided his patients into fi ve groups. Chandler used the classifi cation 
from Hubert (I, eyelid infl ammatory oedema; II, orbit subperiosteal abscess; III, diffuse orbital cellulitis; IV, orbital abscess; 
V, cavernous sinus thrombophlebitis) and removed the term eyelid from category I. He further modifi ed category III as ‘dif-
fuse cellulitis’ in order to describe infl ammatory cells infi ltrating orbital fat tissue [ 5 ]. The term preseptal was added to 
Chandler’s category I (infl ammatory oedema) by Moloney in 1987. This author divided orbital complications into  preseptal 
and postseptal complications . Signs indicating postseptal complications were defi ned as proptosis, gaze restriction, decreased 
visual acuity, colour vision defects and efferent pupillary defect [ 6 ]. The Groote Schuur Hospital classifi cation published by 
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Mortimore and Wormald insisted on dividing the infl ammatory process strictly into preseptal (which is not organ threaten-
ing) and postseptal (genuine orbital infections). They further divided postseptal infl ammation into subperiosteal and intra-
conal groups. These authors observed that visual impairment occurred only in the postseptal group. They stressed that 
radiological differentiation between cellulitis/phlegmon and abscess formation was important in determining whether surgi-
cal intervention is appropriate or not [ 7 ] (Figs.  27.4 ,  27.5  and  27.6 ). The last attempt from 2007 to simplify and adapt the 
classifi cation of orbital complication to present diagnostic options is the classifi cation by Velasco e Cruz [ 8 ]. This author 
divides intraorbital infections into three groups: (1) orbital cellulitis, (2) subperiosteal abscess and (3) orbital abscess.

         Intracranial complications  of acute rhinosinusitis include either phlegmonous infl ammation (meningitis and/or cerebritis) 
or abscess formation (Fig.  27.7 ) (epidural, subdural or intracerebral) and cavernous sinus (or other sinus) thrombophlebitis/
thrombosis. All endocranial complications start as a phlegmonous process, but as necrosis and liquefaction of brain tissue 
progresses, a capsule develops resulting in a brain abscess [ 9 ].

   According to EP 3 OS 2012, there are specifi c  complications in chronic rhinosinusitis  with or without nasal polyposis. 
These are less dramatic and rarer than those that can occur in acute rhinosinusitis but may be more diffi cult to manage. 
Complications of chronic rhinosinusitis are rare and are largely found due to effect on the surrounding bone. They generally 
result from an imbalance in the normal process of bone resorption, regeneration and remodelling [ 3 ]. 

 They include bone erosion and expansion due to mucocoeles or polyps, osteitis (Fig.  27.8 ) and metaplastic bone forma-
tion and occasionally optic neuropathy. Generally, these are far less documented in the literature than those associated with 
acute infection and infl ammation. In some cases, they may be simply considered as a manifestation of the natural history of 
the condition. There is no evidence that chronic rhinosinusitis is associated with neoplastic change, either benign or malig-
nant. A few case reports suggest that orbital, intracranial and osseous complications typical of acute rhinosinusitis can occur 
in chronic rhinosinusitis but are almost always secondary to a superimposed acute infective episode [ 7 ].

   Table 27.1    Orbital complications of rhinosinusitis – Chandler’s classifi cation   

 Chandler’s 
classifi cation 

 Type I  Type II  Type III  Type IV  Type V 

 Preseptal cellulitis  Orbital cellulitis  Subperiosteal abscess  Orbital abscess 
 Cavernous sinus 
thrombosis 

 Pathology  Infl ammatory oedema 
anterior to orbital 
septum 

 Pronounced oedema 
and infl ammation 
of orbital contents 
without abscess 
formation 

 Abscess develops 
in the space 
between the bone 
and periosteum 

 Abscess within the 
orbital contents 

 Belongs to orbital as 
well as intracranial 
complications 

 Symptoms  Eyelids swelling 
(restricted venous 
drainage) 

 Signs of proptosis 
and reduced ocular 
mobility 

 Chemosis 
and proptosis 

 Severe proptosis, 
complete 
ophthalmoplegia, 
loss of vision 

 Development 
of bilateral ocular 
signs 

 No chemosis, no eyeball 
movement limitation, 
no vision impairment 

 Chemosis  Fever, headache, 
photophobia, 
proptosis, ophthal-
moplegia, loss of 
vision, cranial nerve 
palsies involving III, 
IV, V1, V2 and VI 

 Mild proptosis  Vision should be 
constantly monitored 

   Table 27.2    Minor and major orbital 
and intracranial complications of FESS  

 Location  Minor complications  Major complications 

 Orbital  Orbital emphysema  Orbital haematoma 
 Ecchymosis of the eyelid  Loss of visual acuity/blindness 

 Diplopia 
 Enophthalmia 
 Nasolacrimal duct damage 

 Intracranial  CSF leak – uncomplicated  CSF leak 
 Pneumocephalus (tension) 
 Encephalocoele 
 Brain abscess 
 Meningitis 
 Intracranial (subarachnoid) 
 Bleeding 
 Direct brain trauma 
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  Fig. 27.4    Patient with a fulminant fungal rhinosinusitis involving right orbit (taken preoperatively before an urgent surgical treatment)       

  Fig. 27.5    Coronal and axial MRI 
scans in a patient with orbital 
complication of acute rhinosinusitis 
left. Swelling of soft tissue and eye 
protrusion left – signs of orbital 
cellulitis. In the medial portion of 
the orbit is a minor abscess 
formation       
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  Fig. 27.6    Well-developed periorbital abscess  left side ; ( a ) preoperative MRI with a ‘third eyeball’ look; ( b ) perioperative lamina papyracea dis-
placement and streaming abscess in the lateral nasal wall; ( c ) endoscopic abscess drainage with a guided instrument inserted in the abscess cavity; 
( d ) same procedure upon CT navigation; ( e ) wide opening and empty abscess cavity       

  Fig. 27.7    MRI scans of a patient 
with a rhinosinusitis (frontoeth-
moidal), epidural empyema 
(x – marked) and intracranial 
abscess. Coronal, axial and sagittal 
T1-weighted (Gd contrast) images; 
T2-weighted image ( right bottom ) 
showing signifi cant perifocal 
oedema (xx – marked) in the left 
frontal lobe       
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       Epidemiology 

 Epidemiological data concerning the complications of rhinosinusitis vary widely. There is no consensus on the exact preva-
lence of the different types of complications listed above. Moreover, the relationship between acute or chronic rhinosinusitis 
and the various complications is not clearly defi ned in the literature. This is probably related to the different number and 
methods of sampling patients in various studies and a lack of consideration for local demographic bias. In general, it appears 
that about 0.5–3 % of patients with sinusitis will have some form of orbital involvement. These complications are more com-
mon in children than in adults. Complicated rhinosinusitis is the most common cause of orbital infection, accounting for 
60–84 % of reported cases in the literature [ 10 ]. 

 Intracranial complications from acute rhinosinusitis are not infrequent when orbital infection occurs. Clayman suggests 
that the overall incidence of intracranial complications in patients with complicated rhinosinusitis is about 3.7 % [ 11 ]. This 
incidence has dramatically decreased when compared to the preantiobiotic era. Nevertheless, despite adequate therapy, the 
incidence of morbidity and mortality is still signifi cant in patients affected by acute bacterial rhinosinusitis with intracranial 
spread [ 12 ]. 

 More recently, data concerning the global prevalence of specifi c intracranial complications from rhinosinusitis were sum-
marised in EP 3 OS 2012 and reviewed by Bayonne    et al. [ 13 ]. These authors found that subdural empyema is the most fre-
quent complication reported (33 % [22–45 %]), followed by brain abscess (27 % [19–35 %]) and meningitis (20 % [15–26 %]). 
Whereas complete recovery in the literature can be expected in majority of cases (71 % [61–81 %]) with intracranial exten-
sion of infection, fatalities still are reported in 6 % (3–9 %) and the mean incidence of adverse sequelae is 23 % [ 13 ]. 

 Epidemiological studies describing the incidence of intracranial complications from intraorbital involvement also seem 
to vary worldwide. Two North American studies by Clayman et al. and Lerner et al. on intracranial complications in rhino-
sinusitis in a predominantly adult population and some children did not include orbital co-complications [ 11 ,  14 ]. However, 
2 out of 24 patients (8.3 %) in Clayman’s study suffered from symptoms associated with intracranial complications typical of 
orbitocellulitis (ophthalmoplegia and decreased visual acuity). Another North American retrospective study that focused on 
intracranial complications of rhinosinusitis described 3 of 15 patients (20 %) with complicating subperiosteal abscess forma-
tion in the orbit [ 9 ]. They found that ethmoid sinusitis was the predominant source of intraorbital complications. In a study by 
Handler, intracranial spread occurred in 6 of 65 (9.3 %) patients with orbital cellulitis [ 15 ]. One of the latest North American 
studies documented only 4 cases of intracranial complications among 74 paediatric patients who were admitted for orbital 
infection (5.4 %) [ 16 ]. Only 1 of 52 patients (1.9 %) with orbital cellulitis/orbital abscess subsequently developed an intra-
cranial complication in a large retrospective study from Australia (meningitis) [ 17 ]. In contrast, some studies from Africa 
and the Middle East have detailed an overall comparatively large number of intraorbital and intracranial complications in rhi-
nosinusitis, probably due to the delayed or reduced availability of antibiotics administered for acute rhinosinusitis. One study 
from the region of West Africa revealed that orbitocellulitis developed in 47 of 90 (52 %) patients admitted for rhinosinusitis. 
In 10 of 47 (19 %) suffering from orbitocellulitis, a subsequent intracranial complication developed (cavernous sinus throm-
bosis, meningitis) [ 18 ]. Another study from South Africa subdivided the intraorbital and intracranial complications among 
59 patients (children and young adults) presenting with complicating rhinosinusitis. They found intracranial complications 

  Fig. 27.8    Osteitic bone in chronic rhinosinusitis (polypous formations, viscous pus secretion) and surgical management by drilling out       
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  Fig. 27.9    Orbital (orbital cellulitis) 
and intracranial (epidural empy-
ema) complications of acute 
frontoethmoidal rhinosinusitis on 
the right side – coronal and sagittal 
MRI scans (T1-weighted contrast)       

in 36 patients (61 %), intraorbital complications in 13 (22 %), both intracranial and intraorbital complications in 10 patients 
(17 %) and a mortality of 5 % (3 of 59) [ 19 ]. Another large retrospective study looking at rhinogenic intracranial complica-
tions in a South African population has shown that despite advances of modern medicine, a relatively high mortality of 16 % 
(35 from 219 patients) can be seen from intracranial complications; typically highlighted is meningitis followed by brain 
abscess and subdural empyema [ 20 ]. In a study from the Middle East, 9 of 116 patients (8 %) developed an orbital abscess 
and intracranial complications following rhinosinusitis and trauma [ 21 ]. A study from Israel on orbital complications sec-
ondary to acute rhinosinusitis in children aged 2 and younger strongly relied on a meticulous multidisciplinary hospital treat-
ment and follow-up. Surgical intervention was avoided in the majority of cases with prompt diagnosis and treatment (only 1 
from 52 required surgery) [ 22 ]. A German study by Eufi nger and Machtens in 2001 described 25 patients with complicated 
rhinosinusitis who were all treated with early surgical intervention. Of those, 20 (80 %) patients had orbital complications, 
3 (12 %) had intracranial complications and 2 (8 %) experienced both orbital and intracranial complications [ 23 ]. 

 It appears that no matter what region of the world you are studying, what age group of patients or how you address the 
numbers, there exists a group of patients with infectious rhinosinusitis who will experience complicating orbital extension 
of infection. This group of patients with orbital complications of rhinosinusitis provides the predisposing factors for develop-
ing intracranial complications [ 24 ] (Fig.  27.9 ).

   The precise incidence of any infectious complications from rhinosinusitis in all age groups remains elusive. There are four 
studies that attempted to collect nationwide or large-scale data on acute rhinosinusitis (ARS) complications. In 2004, Hansen 
from the Netherlands reported 48 acute rhinosinusitis complications corresponding to an incidence of three per million of 
population per year or approximately 1 per 12,000 ARS episodes in children and 1 per 36,000 episodes of ARS in adults [ 25 ]. 
Very similar results were reached by a US study which reported an annual incidence of intracranial complications in children 
between 2.7 and 4.3 per million per year [ 26 ]. A French study among 12 million individuals recorded a yearly incidence of 2.5 
ARS complications per million of population, excluding paediatric patients [ 27 ]. In almost all studies, males are signifi cantly 
more frequently affected than females [ 13 ]. ARS was more often the precipitating factor in children, while CRS with or with-
out NP was more important in adults [ 7 ,  28 ]. In most studies, the most frequent complications were orbital appearing at least 
twice as often as intracranial complications. Osseous involvement was the least common complication described. While 
orbital complications tend to occur primarily in small children, intracranial complications can occur in any age, with predilec-
tion for the second and third decade of life. The study by Babar-Craig et al. [ 29 ] was based on returned questionnaires and had 
shown that the complications which require surgical treatment are similar in both the prior antibiotic treated group and the no 
prior antibiotic group, suggesting limited benefi t of oral antibiotics in the primary care setting. Prescribing antibiotics for ARS 
did not appear to prevent the occurrence of infectious complications, merely an early recognition with CT scanning and appro-
priate hospital management is essential to reduce any subsequent morbidity or mortality. These facts, together with the risk of 
antibiotic resistance and of masking intracranial complications, argue strongly against the routine use of antibiotics in ARS.  

    Aetiology 

 The pathogens causing serious complications are viral, bacterial, fungal and parasitic. In immunocompromised patients, particularly 
congenital or acquired immunodefi ciency and transplant patients, the infection caused by common viruses or fungi may develop 
into a life-threatening situation. The  viruses  encountered by otolaryngologists and allergists that play a role in neuroinfections are 
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herpes simplex virus (HSV 1 and HSV2) [ 30 ,  31 ] and cytomegalovirus (CMV) (Fig.  27.10 ). Another serious and still incurable viral 
infection is HIV which weakens the immunity of the affected patient and ‘prepares’ the host for unusual opportunistic infections 
such as toxoplasmosis and cryptococcosis and promotes intracranial involvement (AIDS dementia complex) [ 32 ]. The most com-
mon  bacterial species  isolated from patients with complicated acute rhinosinusitis are  Streptococcus pneumoniae ,  Haemophilus 
infl uenzae  and  Moraxella catarrhalis , the latter being more common in children. Due to available immunisations since the early 
1990s,  H. infl uenzae  infections are encountered less frequently from a sinusitis-complicated orbital abscess.  Staphylococcus aureus , 
diphtheroids and anaerobic bacteria are observed more in situations where chronic rhinosinusitis is the source of intraorbital involve-
ment, particularly if the infection is of odontogenous origin. The association between inappropriate antibiotic consumption and the 
changing prevalence of antibiotic resistance is widely seen as the source of differing emerging organisms [ 33 ].

   The role of  anaerobes  is emerging as more cultures in adults now yield these organisms in chronic rhinosinusitis. 
Generally, adults with chronic rhinosinusitis when cultured surgically grow multiple pathogens including anaerobes in most 
cases [ 34 ]. The complexity of pathogens and responsiveness to antimicrobial therapy appear to be age related [ 35 ]. Patients 
in the fi rst decade of life generally suffer from infections by single aerobic pathogens which are usually responsive to medi-
cal therapy alone. As the size of the sinus cavities enlarge, the ostia appear to narrow with increasing age creating optimal 
conditions for anaerobic bacterial growth. With increasing age, there is a trend towards more complex infections. In mixed 
infections, aerobes consume oxygen which encourages anaerobic microbial growth [ 36 ]. 

 Fungi are normally present in healthy individuals. Fungal rhinosinusitis has been defi ned as three non-invasive forms 
(superfi cial sinonasal mycosis, fungus ball, allergic fungal rhinosinusitis) and two invasive forms (chronic invasive fungal 
rhinosinusitis, acute/or fulminant/invasive fungal rhinosinusitis) (Fig.  27.11 ) [ 37 ]. Fungal rhinosinusitis is discussed in detail 
in another chapter in this text. The invasive forms of fungal-induced complications of rhinosinusitis are found particularly in 
immunocompromised individuals and are the most lethal. Aspergillus is predominantly found as a pathogen of non-invasive 
and invasive forms too. Mucor is also a fungal pathogen found in the sinuses. Rhinocerebral mucormycosis is a fulminant 
disease that requires urgent therapeutical management including orbital exenteration and neurosurgical procedures [ 38 ].

       Pathogenetic Factors 

 The origin of the orbital extension of infection from the paranasal sinuses occurs most commonly from the ethmoid sinuses 
followed by the frontal, sphenoid and maxillary sinuses in decreasing order of frequency (Table  27.3 ). The ethmoid and 
maxillary sinuses are present at birth and therefore are the exclusive source in younger children. The spread of infection into 

  Fig. 27.10    Encephalomalacia ( white arrow ) in a child with 
intracranial infection caused by herpes simplex virus       
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the orbit and intracranial space in this age group may follow through venous drainage. The superior ophthalmic vein drains 
into the cavernous sinus. The inferior ophthalmic vein, however, may drain either into the cavernous sinus through the supe-
rior orbital fi ssure or into the pterygoid plexus through the inferior orbital fi ssure. Sinus infection can extend via any of these 
pre-existing routes. Valveless veins interconnect the orbit with sinuses, eyelids and cavernous sinus. Ultimately, fatal com-
plications of intracranial abscess may result from cavernous sinus thrombosis and intracranial rupture of the abscess.

   Alternatively, infection from particularly the ethmoid sinuses may spread by eroding the sinus bones. Infection may 
extend directly through a dehiscence, for example, in the lamina papyracea. Lamina papyracea separates the ethmoidal 
sinuses from orbital contents. Anterior and posterior ethmoidal foramina serve as additional connections that may allow 
infection to gain access from ethmoidal air cells to the orbital contents. The periorbita in this area is loosely attached to bone 
and may be elevated by a purulent collection, resulting in subperiosteal abscess [ 39 ]. 

 In orbital cellulitis the irreversible visual loss is accompanied by a vascular pathology most frequently, whereas reversible 
visual loss in patients responsive to antibiotic therapy and drainage procedures most likely occurs through infi ltrative or 
compressive optic neuropathy. The confi nement of the optic nerve in the orbital apex and within the bony canal and its prox-
imity to the posterior ethmoid and sphenoid sinuses underline the importance of the aetiopathogenetic factors in posterior 
orbital cellulitis [ 40 ]. 
 The  mechanism of vision loss  in orbital infl ammation involves:

•    Infl ammatory optic neuropathy – optic neuritis as a reaction to adjacent or nearby infection  
•   Ischaemic optic neuropathy – ischaemia resulting from thrombophlebitis along the valveless orbital veins  
•   Compressive optic neuropathy – compressive/pressure ischaemia possibly resulting in central artery occlusion    

 Acute visual loss may be associated with acute rhinosinusitis either secondary to complicated orbital cellulitis or as a part 
of the orbital apex syndrome. Slavin and Glaser described three cases of sphenoethmoiditis causing irreversible visual loss 
associated with minimal signs of orbital infl ammation and renamed the entity ‘posterior orbital cellulitis’. They suggested 
that early severe visual loss may overshadow or precede accompanying infl ammatory orbital signs [ 41 ]. Acute blindness may 
also result from an orbital infarction syndrome. Orbital infarction is a disorder that may occur secondary to different mecha-
nisms such as acute perfusion failure (in carotid artery occlusion), systemic vasculitis (giant-cell arteritis) or orbital cellulitis 
with vasculitis (mucormycosis). The resulting blindness and retinal and optic nerve damage can be permanent [ 42 ]. 

 Indirect pathways from which infection can spread from rhinosinusitis into the orbit include the lacrimal duct, sac and 
gland. Infectious spread to the lacrimal system has been described in acute or chronic rhinosinusitis [ 43 ]. Acute dacryocys-
titis usually induces preseptal infection. In rare instances, the infection that is confi ned to the lacrimal sac can extend to the 
orbital contents resulting in orbital cellulitis [ 44 ,  45 ]. 

 As previously noted,  intracranial complications  occur mostly in acute rhinosinusitis and include either phlegmonous 
infl ammation (meningitis, cerebritis), abscess formation (epidural, subdural, intracerebral) and/or cavernous sinus 

  Table 27.3    Spread of 
infection into orbit or 
intracranially  

 The proposed    mechanism for spread of infectious agents beyond the confi nes of the paranasal sinuses: 
  Direct path – natural (e.g. in lamina papyracea) or posttraumatic dehiscences in the bones 
  Indirect route – via osteitis/osteomyelitis or lacrimal system 
  Haematogenous spread 

  Fig. 27.11    ( a ) Non-invasive fungal 
rhinosinusitis (fungal ball); 
( b ) invasive fungal disease invading 
orbital fl oor       
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thrombosis. Frontal posterior ethmoid/sphenoid and maxillary sinuses are the most common sources of intracranial compli-
cations of chronic rhinosinusitis [ 11 ]. The pathway of infectious spread can be indirect such as in frontal bone osteomyelitis 
or through the orbit or haematogenous. Overall, the haematoencephalic barrier is generally felt to be less commonly the route 
of orbital complications in previously healthy individuals. However, the predominance of intracranial complications in 
patients during the second and third decades of life is thought to be associated with a peak in the vascularity of the bony 
diploic system, particularly the frontal sinus. The predominant location of complicated rhinosinusitis is the frontoethmoidal 
region [ 46 ]. Understandably, this implies that retrograde septic thrombophlebitis may be the most likely route of infection 
spreading beyond the sinus confi nes. Haematogenous spread would imply that some atypical locations of the intracranial 
abscess might be found but that has not proven to be the case. Overall, most researchers feel that the direct or haematogenous 
route of infection spreading is less common than direct pathways as the primary route of infectious spread of complicating 
rhinosinusitis. Rarely, viruses may enter the brain from the nasal cavity primarily via the olfactory bulb [ 47 – 49 ]. Infection 
can result in rapid, transneuronal spread to connected areas of the brain. 
  Direct spread of infection intracranially  is very rare in rhinosinusitis unless there is:

•    Predisposed dehiscence (posttraumatic, CSF leak)  
•   Immunocompromised patient (congenital, acquired including transplant patients)  
•   Aggressive infectious agent (e.g. mucormycosis)    

 Mucocoeles may also play role in spreading infections from the sinuses to the orbit especially in the frontoethmoidal 
region by eroding through the lamina papyracea (Fig.  27.12 ). Mucocoeles are mostly sterile but may lead to bone ero-
sion with eye globe deviation or protrusion. The posterior wall of the frontal sinus may become diminished as well. 
When a mucocoele is infected, a direct pathway for the spread of infection into the orbit or intracranially is created. One 
of the main sources of mucocoele development is previous frontoethmoidal surgery. This is most commonly associated 
with external procedures and inappropriate frontal sinus obliteration. Mucocoeles can also result from functional endo-
scopic sinus surgery (FESS), particularly in the frontal recess, where in anterior ethmoidectomy and frontal recess 

  Fig. 27.12    Mucocoele of the 
frontoethmoidal region on the left 
side. ( a ) Intact mucocoele 
formation in the middle nasal 
passage, ( b ) yellow-green mucous 
inside the preformed cavity, 
( c ) frontal recess ( image left ) and 
frontal sinus ( image right ) with 
normal mucosa appearance.  Bottom 
middle : CT-guided surgery – suc-
tion ( green ) inserted in the frontal 
recess perioperatively       
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management of a blockage of frontal recess is performed instead of an adequate frontal sinusotomy    (Fig.  27.12 ) or 
 drainage (Stammberger’s uncapping the egg, Wormald’s axillary fl ap technique, Draf I–III procedures or modifi ed pro-
cedures) [ 50 – 52 ].

   FESS procedures for recurrent acute or chronic rhinosinusitis can be directly responsible for orbital and intracranial com-
plications as a surgical mishap and are discussed elsewhere in this text. FESS itself produces a signifi cant portion of orbital 
and intracranial complications by iatrogenic damage of borders between the nasal/paranasal cavities and orbit or brain 
(Table  27.2 ) [ 53 – 59 ].  

    Diagnostics: Symptoms, Clinical Examination and Imaging Methods 

 Patients suspected or at risk for serious and possibly life-threatening orbital or intracranial complication must be 
admitted to the hospital. In the initial diagnostic evaluation, a careful medical history should be done. Special attention 
is given to specific clinical conditions such as congenital or acquired immunodeficiency, upper and lower airway 
comorbidity (severity of sinus disease – asthma, allergy, unmet needs in severe chronic upper airway disease (SCUAD)), 
previous surgery or head trauma (dehiscences of natural barriers) and ancillary orbital and intracranial disease 
history. 

 Blood tests (blood count, C-reactive protein and other infl ammatory markers, serology) are fundamental to assess-
ing the severity of the infl ammatory process. In case of normal fi ndings but clinical deterioration, be aware of the risk 
of viral or fungal disease, and the pathogens might require serology methods. The beta-trace protein test is essential in 
patients who underwent FESS and present with meningitis [ 59 ]. Culture methods help to detect the infectious agents 
and are recommended if the swab is taken directly from the pus intranasally under direct or endoscopic visualisation 
but have serious limitations [ 60 ]. Unfortunately, microbiologic identifi cation of an infectious origin can take 48 h and, 
in many cases, can be negative due to antibiotic pretreatment or culture failure. A lumbar puncture, though contraindi-
cated if intracranial pressure is elevated, can also be useful, if meningitis is suspected once an intracranial abscess has 
been excluded [ 9 ]. PCR probes or other immunologic assays are being developed to more quickly identify an infectious 
 pathogen [ 61 ,  62 ]. 

    Symptoms and Clinical Examination 

 Symptoms of an orbital and/or intracranial complication of rhinosinusitis generally include periorbital oedema or erythema, 
displaced globe, double vision, ophthalmoplegia, reduced vision acuity, severe unilateral or bilateral frontal headache, fron-
tal swelling, signs of meningitis or other neurological signs [ 63 – 66 ]. Visual acuity testing, pupillary reactivity and ocular 
motility assessment are helpful in postseptal infl ammatory assessment. Since blindness can occur without any fundoscopic 
abnormalities, it is crucial to monitor visual acuity at frequent intervals. Cavernous sinus thrombosis represents the most 
severe form of postseptal cellulitis and is suspected clinically by bilateral disease with ophthalmoplegia and loss of vision. 
Signs of intracranial involvement are soft tissue oedema (especially of the superior lid), high fever, severe headache, menin-
geal irritation, nausea and vomiting, diplopia, photophobia, papilloedema, coma and focal neurological signs. 

 The classic neurological presentation of intracranial abscess seen in adults is often subtle and symptoms can be minimal 
or absent in children. Neurological signs of meningitis associated with intracranial abscess may simply alter mental status. 
Ocular signs can appear contralaterally. Alternatively, a patient with intracranial abscess may be asymptomatic or present 
with nausea, vomiting or seizures. 

 The essential and imperative diagnostic procedure in rhinosinusitis is  nasal endoscopy  using rigid or fl exible endo-
scopes. It is easy to perform with or without (to assess the natural appearance of nasal mucosa and better swab collection) 
anaesthesia. In experienced hands, the investigation is easy and fast (last less than one minute in most cases). The pre-
ferred diagnostic endoscopy in children is a thin fl exible endoscope, which enables the operator to assess the whole upper 
airways including the adenoids and larynx (Fig.  27.1 ). Technical advancement in diagnostic endoscopy may help not only 
to defi ne the presence of rhinosinusitis but to determine the different underlying processes better (Fig.  27.13 ). Mucosal 
congestion, hyperaemia, nasal polyps or pus may be evident on direct endoscopic examination (Fig.  27.14 ). Finding a 
black eschar (typical for Mucor in acute invasive fungal rhinosinusitis) is a pathognomonic endoscopic fi nding  intranasally 
of a fungal infection (Fig.  27.11 ).
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        Diagnostic Imaging 

 The diagnostic value of plain sinus radiographs is limited by poor sensitivity and specifi city. The Waters’ view may demon-
strate fl uid accumulation in the maxillary sinus or asymmetrical maxillary opacifi cation. However, this radiographic study is 
not recommended as a diagnostic aide for either acute or much less in chronic rhinosinusitis. Ultrasound also has limited 
diagnostic value. However, the results in well-trained hands are comparable to plain X-ray in the diagnostics. Some physi-
cians prefer ultrasound in an effort to avoid X-ray exposure in children (Figs.  27.15  and  27.16 ).

    Computerised tomography scanning is the imaging modality of choice since it is capable both of confi rming the extent of 
pathology and describing the anatomy. Sinus disease and intracranial complications are mostly evident on CT scan [ 34 ]. Together 
with MRI, the CT is the only diagnostic imaging tool indicated if a complication of rhinosinusitis is supposed [ 2 ,  3 ,  56 ]. CT scans 
projection/reconstruction in all three axis (coronary, axial, sagittal) is advocated since up to one-third of orbital abscesses might be 
missed if only one projection (axial or coronary) is performed [ 67 ]. Since the development of an orbital abscess does not correlate 
specifi cally with visual acuity, proptosis, chemosis or any other sign, a CT scan emerges as the essential screening diagnostic 
tool. Contrast media can enhance the surrounding wall of an abscess and should be requested if suspected. Furthermore, a CT can 
differentiate between preseptal and postseptal orbital cellulitis (effusion of the pre- and postseptal orbital soft tissue components). 

 If there appear to be coexisting orbital and intracranial complications in rhinosinusitis, an MRI is ultimately the best 
 diagnostic imaging method [ 24 ,  49 ,  68 ]. T1- and T2-weighted sequences of magnetic resonance imaging can be used 

  Fig. 27.13    New trends in 
diagnostic nasal endoscopy: 
( a ) HD image of nasopharynx 
( left side ) and Eustachian tube 
opening ( arrow ), ( b ) narrow band 
imaging (NBI) endoscopy and 
suspicious tumour recurrence 
( thick arrow ) – irregularity of 
microvascularization       

  Fig. 27.14    Acute rhinosinusitis – image of the left nasal cavity with 
oedema, mucosal congestion and pus beneath the middle turbinate       

 

 

27 Orbital and Intracranial Complications of Acute and Chronic Rhinosinusitis



508

to provide different imaging information. On a T2-weighted scan, water- and fl uid-containing tissues are bright and fat- 
containing tissues are dark. The reverse is true for T1-weighted images. Damaged tissue tends to develop oedema, which 
makes a T2-weighted sequence very sensitive for tissue pathology. To accentuate signal difference of pathological and nor-
mal tissue, the paramagnetic contrast medium (gadolinium) is used. Both the rim of intracranial abscess and subdural empy-
ema almost always enhance after contrast media application. The ependyma of ventricles also enhances after contrast media 
application in cases of infection within the cerebral ventricles. Diffusion-weighted imaging (DWI) studies are of utmost 
importance in cases of intracranial infection in that fat suppression (in T-1w) can be used for visualising the intracranial 
component in suspected cases of meningeal infl ammatory lessions [ 69 ]. DWI improves diagnostic confi dence in nearly all 
cases of orbital abscess when used in conjunction with contrast-enhanced imaging. DWI also confi rms abscess in a majority 
of cases without contrast-enhanced imaging, which may be of particular use when contrast material is contraindicated. The 
use of DWI in all cases of orbital abscess is recommended [ 70 ]. 

Normal finding – there is only
anterior wall shown – peak 1
(ultrasound does not propagate
 through the air content)

Fluid (empyema/pus) in the
maxillary sinus – ultrasound
propagates well through the
fluid content and reaches the
posterior wall – peak 2

Skin
surface

Ant.wall of
max.sinus

Post.wall of
max.sinus

  Fig. 27.15    Maxillary 
sinuses ultrasonography 
(A mode)       

Skin surface

Anterior wall of
maxillary sinus

Posterior wall of
maxillary sinus

Maxillary sinus
non-homogenous content
(exudate/pus)

  Fig. 27.16    Maxillary sinuses 
ultrasonography (B mode)       
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 Despite its utility, only few published studies have stressed the role of MRI in early detection of intracranial  complications 
[ 16 ]. Additionally some authors propose performing an additional CT of the brain or MRI in patients admitted with orbital 
complications of rhinosinusitis despite negative fi ndings on the initial CT of the orbit and paranasal sinuses. Due to the 
different settings of CT of the orbit and CT of the brain, it is sometimes impossible to detect interhemispheric subdural 
empyema in an atypical location. At the present time, the vast majority of diagnostic guidelines on orbital and intracranial 
complications of rhinosinusitis strongly rely on initial CT scanning, while the study by Herrmann and several case reports 
emphasised adjuvant MRI scanning due to the presence of some false-negative results of CT scans in patients who were 
subsequently found to have intracranial abscess [ 16 ,  49 ,  63 ]. MRI is defi nitely advisable in patients with positive symptom-
atology or indefi nite CT fi ndings. Taking into consideration how fatal the delayed treatment of complicated rhinosinusitis 
might develop, we feel that performing an additional entrance MRI at the time of admission is the most prudent approach. 
Carefully performed imaging methods are not only mandatory in making the proper diagnosis of spread of infection beyond 
the confi nes of the paranasal sinuses, they are also very helpful in any planning of a surgical procedure and for image-guided 
surgery [ 71 ,  72 ].   

    Therapy 

    Conservative Treatment 

 Intravenous antibiotics are usually started once the diagnosis of orbital cellulitis is suspected. Broad-spectrum antibiotics that 
cover most gram-positive and gram-negative bacteria as monotherapy or combined treatment should be selected. The pos-
sibility of anaerobic bacteria involvement should be also taken into consideration, especially in older patients. MRSA and 
other multidrug-resistant bacteria ( E. coli ,  Enterobacter ,  Klebsiella ) are the novel serious problems of modern infectious 
medicine [ 73 ]. If the patient is immunocompromised, parenteral antiviral and antimycotic therapy must be considered early 
in the treatment course. Standard treatment does not involve corticosteroids. These are administered only if the patient may 
benefi t from reducing intracranial or intraorbital oedema.  

    Surgery 

 Surgical procedures are indicated in order to manage predisposing disease and to accomplish orbital or intracranial abscess 
drainage. Successful surgical management includes a multidisciplinary experienced team comprised of an ENT surgeon 
(rhinosurgeon), oculoplastics surgeon, neurosurgeon and infectious disease expert. The preferred surgical approach in com-
plicated rhinosinusitis with or without nasal polyposis, which is resistant to conservative therapy, is FESS [ 2 ,  3 ,  50 ]. FESS 
is an ideal approach to drain the underlying sinus infl ammation in orbital and intracranial complications of rhinosinusitis 
(Figs.  27.6 ,  27.8 ,  27.12 ,  27.17  and  27.18 ). Advanced FESS also enables the surgeon to manage complicated processes (esp. 
in frontal sinus) where osteitis has occurred (Fig.  27.8 ). Many intraorbital complications from sinus disease can be managed 
endoscopically through the nose also. Moreover, endoscopic skull base surgery (and transnasal intracranial surgery) is an 
emerging discipline where the ENT surgeon and neurosurgeon cooperate in surgical management [ 51 ,  52 ,  54 ,  55 ]. Most 
importantly, delayed surgical intervention commonly leads to a higher frequency of further complications, higher adverse 
sequelae and, most importantly, a higher risk of mortality [ 3 ,  9 ,  34 ]. Despite the advent of modern diagnostic and therapeuti-
cal possibilities, the morbidity and mortality rate of complicated rhinosinusitis still remains relatively high. Early diagnosis 
together with combined medical and surgical therapy, inclusive of neurosurgical procedures, plays a crucial role (Table  27.4 ).

        Neurosurgical Procedures 

 In case of  solitary abscess  and no obvious communication between paranasal and intracranial compartments, a frameless 
 stereotactic puncture and aspiration  is indicated. First, navigation CT or MRI data are acquired. The best puncture trajectory 
is defi ned by the shortest one, the one which is not entering the ventricles and not crossing any major arteries or veins or 
eloquent brain areas. The head of the patient is fi xed in head holder under general anaesthesia. Navigation is registered. The 
burr hole is performed and the abscess is punctured according to the selected trajectory. Increased resistance is usually 
observed at the level of abscess wall during puncture. Afterwards, the pus is going out of the drain. Material for bacterial 
testing is taken for both aerobic and anaerobic pathogens. A drain is left in the abscess cavity for further drainage. The drain 
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  Table 27.4    Surgical 
intervention in orbital 
complications  

 Indications for  surgical intervention in orbital complications  are: 
  Evidence of subperiosteal or intraorbital abscess in CT or MRI 
  Reduced visual acuity, reduced colour vision, affected afferent pupillary refl ex or inability to assess 

vision 
  Progressing or not improving orbital signs (diplopia, ophthalmoplegia, proptosis, swelling, chemo-

sis) after 48 h of parenteral antibiotics 
  Progressing or not improving general condition (fever, infection parameters) after 48 h of 

parenteral antibiotics 

   Based on data from Ref. [ 3 ]  

a b c

  Fig. 27.17    ( a ) Coronal   , ( b ) axial and ( c ) sagittal CT scans in a patient with left-sided odontogenous ( black arrow ) complicated acute rhinosinusitis       

a b

  Fig. 27.18    ( a ) Coronal and ( b ) axial CT scans 3 weeks postoperatively documenting the post-endoscopic sinus surgery result – wide maxillary 
sinus supraturbinal opening and diminished pathology contents       

 

 

J. Kastner et al.



511

  Fig. 27.19    Solitary intracerebral abscess formation before ( image left ) and after stereotactic puncture and aspiration with drain remaining ( black 
arrow ) and complete resolution       

is removed if follow-up MRI or CT shows complete resolution of pus from the abscess cavity (Fig.  27.19 ). Antibiotics are 
given according to the bacteriologic outcome from samples taken from abscess.

   In the case of a  subdural empyema with or without intracranial abscess  and no obvious communication between parana-
sal and intracranial compartments, the procedure is the same as mentioned above with the addition of drainage of subdural 
empyema. 

  Epidural abscess or subdural empyema with or without intracranial abscess and communication between paranasal and 
intracranial compartments  has a more complex approach. It is important to close the communication between paranasal and 
intracranial compartment. In such a case, it is recommended performing a  combined procedure  involving both the ENT and 
neurosurgeon working together. The ENT surgeon performs the endonasal approach for drainage of the infection and sealing 
of the communication from below. The neurosurgeon typically performs bifrontal craniotomy, evacuates the epidural abscess/
subdural empyema and drains the intracranial abscess if present. Frontal sinuses are cranialised. An anterior skull base recon-
struction is performed. The use of non-artifi cial materials (e.g. pericranial fl ap, own fat tissue, fascia lata, etc.) in cases of an 
infectious process is preferred to seal the communication from above. 

  An abscess resection  is rarely performed and only in case of recurrent abscess appearance unresponsive to repeated punc-
ture/drainage and antibiotic treatment.    

    Conclusion 

 Orbital and intracranial complications of acute or chronic rhinosinusitis are potentially very serious clinical events. Orbital 
and intracranial complications of acute or chronic rhinosinusitis are more common in the presence of very aggressive infec-
tious agents and/or in immunocompromised patients. In previously healthy patients with acute or chronic rhinosinusitis, 
orbital and intracranial complications are generally uncommon but must not be excluded. 
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 Orbital complications include preseptal cellulitis, orbital cellulitis, subperiosteal and intraorbital abscess. Intracranial 
complications of acute or chronic rhinosinusitis include epidural or subdural abscesses, brain abscess, meningitis, encepha-
litis and superior sagittal and cavernous sinus thrombosis. 

 EP 3 OS 2012 stated in the position paper that orbital and intracranial complications of acute or chronic rhinosinusitis may 
present with nonspecifi c signs and symptoms, and their diagnosis requires a high index of suspicion [ 3 ]. Prompt recognition 
and management is vital in order to avoid long-term sequelae. Symptomatology of rhinosinusitis complications may vary in 
the course of disease but should be suspected whenever periorbital oedema, displaced bulb, double or reduced vision, oph-
thalmoplegia (orbital), severe frontal headache, frontal swelling, signs of meningitis and/or focal neurological signs or sys-
temic signs (intracranial) occur. Whenever any of these signs or symptoms appears, one must be aware of the risk factors and 
perform urgent investigations and intervention. 

 Diagnostic endoscopy of the nose and upper airway tract using a fl exible endoscope should be an initial diagnostic pro-
cedure in suspected complicating cases, particularly in children. This is followed by imaging studies (CT and/or MRI) and 
should always be performed if a complication is suspected. Plain sinus radiographs or ultrasound are not useful in this clini-
cal circumstance. Furthermore, CT and MRI studies are mandatory in patients when coexisting orbital and intracranial 
complications from rhinosinusitis are suspected, or when there is a clinical setting that predisposes to the development of 
intracranial complications. The examining physician must remember that prior treatment measures may mask these predis-
posing factors. In general, if one of the complications appears, the others must be carefully excluded. Performing an MRI 
when an orbital complication has occurred following rhinosinusitis despite a negative CT scan of the brain, orbit and para-
nasal sinuses is suggested (if not contraindicated due to pacemaker). 

 A multidisciplinary approach is required in orbital or intracranial abscess formation. Management of complications 
has been well established (Fig.  27.20 ). These consist of conservative measures (i.e. in-house treatment, parenteral 
broad- spectrum antibiotics) and surgical drainage of abscesses (or puncture in intracerebral abscess). Endoscopic 
surgery is preferred over the external approach in surgical drainage of predisposing rhinosinusitis. On the other hand, 
one must be aware of iatrogenic complications of FESS in rhinosinusitis patients who have had a previous number of 

Acute rhinosinusitis

Persistant headache of biphasic evolution
altered mental status or focal neurological signs
failure of previous treatment
pott’s puffy tumor or orbital cellulitis
persisting fever

Stationary admission

Intracranial
collection

No
collection

48 h re-evaluation after adequate conservative therapy

New CT/MRI

No collection

Sinus drainage (FEES)
Neurology - lumbal puncture

Sinus and/or orbita abscess
drainage (preferable FESS)

Neurosurgical drainage

Diagnostic endoscopy of the nasal cavities (rigid/flexible endoscope) and sample collection under
direct vision from the nose (bacterial/mycology + rather PCR tests)
Blood tests
Parenteral antibiotic (antimycotic/antiviral) therapy
CT scan for sinuses, orbit, brain with contrast enhancement and/or MRI

Continue with
adequate therapy

Worse or unchanged
Better

No

Yes

  Fig. 27.20    Algorithm of acute 
rhinosinusitis intracranial compli-
cation management according to 
Bayonne ([ 13 ] modifi ed)       
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FESS procedures for rhinosinusitis or endoscopic transnasal procedures for tumour management of the nose, orbit and 
skull base.

   Complications of rhinosinusitis can give rise to serious morbidity and mortality. Any residual optical and neurological 
symptoms often result in a signifi cant reduction in the quality of life for a previously healthy individual. Early diagnosis 
and proper treatment of the underlying infl ammatory process as well as aggressive management of complications are 
crucial.     
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    Chapter 28   
 Surgical Management of Cysts and Papillomas 
of the Nose and Sinuses 

             Jamie     L.     Funamura      ,     Jonathan     Liang      , and     Craig     W.     Senders     

           Introduction 

    Cysts and papillomas of the nose and sinus include a wide variety of lesions, from the common and benign mucous retention 
cyst to a rare and aggressive inverted papilloma with the potential for malignant degeneration. An understanding of the origin 
and natural history of these lesions is key to both diagnosis and appropriate surgical management. Although the topics of this 
chapter are benign pathologies, many have the potential for recurrence that dictates both the extent of initial surgery and 
subsequent surveillance. Included in this chapter will be a discussion of the diagnosis and surgical management of congenital 
and acquired cysts, including nasal dermoid cysts, encephaloceles, gliomas, nasolacrimal duct cysts, mucous retention cysts, 
and mucoceles, as well as hamartomas and papillomas of the nose and paranasal sinuses.  

    Congenital Sinonasal Lesions 

 Nasal dermoid cysts, encephaloceles, and gliomas are the three classically described congenital midline nasal masses. These 
anomalies typically occur in the nose, although they can also be found in the orbit, oral cavity, nasopharynx, and paranasal 
sinuses [ 1 ]. Although distinct clinical and pathologic entities, they are thought to be embryologically related developmental 
anomalies of the frontonasal region. While still debated, the most widely accepted theories of development involve the per-
sistence of a dural diverticulum through an anterior cranial defect. Faulty closure of the embryologic structure of origin of 
the frontonasal region, the anterior neuropore, is thought to be the responsible mechanism [ 2 – 4 ]. 

 In the course of normal development of the frontonasal region, two transient structures exist prior to separation of the 
intracranial and extracranial spaces: the fonticulus nasofrontalis and the foramen cecum. The fonticulus nasofrontalis forms 
as a membrane bridging the inferior frontal bone and the nasal bone. At the fl oor of the anterior skull base, the foramen 
cecum forms from the nasal processes of the frontal bones to surround a dural diverticulum [ 5 ,  6 ]. This dural projection 
extends through the prenasal space between the nasal bones and the cartilaginous capsule and connects to the skin [ 3 ]. The 
dural diverticulum normally obliterates, and the fonticulus nasofrontalis and the foramen cecum close, followed by the for-
mation of the cribriform plate [ 7 ,  8 ]. The obliteration of the dural diverticulum with closure of the fonticulus nasofrontalis 
and foramen cecum establishes the division of the intracranial, intranasal, and external spaces of the nasofrontal region [ 2 ]. 
Persistence of the dural diverticulum may result in the anomalous development of a dermoid sinus or cyst, encephalocele, or 
glioma [ 2 – 5 ,  7 – 9 ] (Fig.  28.1a ,  b ). Defects in the foramen cecum will present as intranasal masses, while extranasal masses 
result from failed closure of the fonticulus nasofrontalis. Another cause of an intranasal cystic mass is a congenital 
 nasolacrimal duct cyst. The embryology, presentation, and management of these cysts are also discussed below.
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  Fig. 28.1    ( a ) Normal    development of the frontonasal region. ( b ) Embryologic origin of dermoid cysts, gliomas, and encephaloceles (Reprinted 
from Sessions [ 10 ]. With permission from John Wiley & Sons, Inc)       
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      Nasal Dermoid Sinus and Cysts 

 Nasal dermoid cysts are the most common of these three anomalies, comprising 60 % of congenital midline nasal lesions. The 
incidence of nasal dermoid is estimated at 1 in 20,000–40,000 births [ 2 ,  7 ]. Incomplete separation of the dura and skin as the 
dural diverticulum regresses during development may result in a persistent tract, a closed cyst, or a combination of the two, 
containing dermal elements [ 7 ]. Dermal sinuses and cysts may occur from the glabella to the nasal tip or columella; the most 
common location is the lower third of the nasal bridge. Clinically, nasal dermoid cysts present as fi rm, slow-growing masses 
that are not compressible, nor do they transilluminate. Classically, there is a hair protruding through a pit in the nasal skin near 
the inferior-most aspect of the mass. These masses do not expand with crying or straining. Histologically, dermoid cysts con-
tain both ectodermal and mesodermal elements, including dermal appendages such as hair follicles and sebaceous glands. CT 
imaging is an essential part of the workup for a suspected nasal dermoid cyst (Fig.  28.2a ). Intracranial extension is reported 
to occur in 20–45 % of cases but is likely much less in non-referral centers. On CT, characteristics suggestive of intracranial 
extension include a bifi d crista galli and enlargement of the foramen cecum [ 11 ]. The ossifi cation of the ethmoid bone and 

  Fig. 28.2    ( a ) Axial CT scan of a 5-year-old boy with a nasal dermoid 
sinus, demonstrating intranasal sinus tract. ( b ) Same patient with 
a probe in the nasal dermoid sinus tract. ( c ) Intraoperative photo of 
same patient after excision via vertical midline nasal dorsal incision 
with tract intact. (With permission from TT Tollefson)       
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crista galli is often incomplete at the age of presentation, however, and presence of these characteristics alone have been asso-
ciated with false positives in some series [ 12 ,  13 ]. It has been proposed that the absence of these signs be used to determine 
absence of intracranial extension, and their presence be interpreted suggestive (but not diagnostic) of intracranial extension 
and as indication for subsequent MR imaging [ 14 ]. MRI is the imaging study of choice given superior identifi cation of intra-
cranial involvement; the cyst will appear hyperintense on T1-weighted MR images. MR imaging can also be misleading, 
however, due to the process of normal fat deposition in bone during the maturation of the frontal sinus and nasal bones [ 15 ].

   If left untreated, dermoid cysts and sinuses may lead to local infl ammation or abscess formation. If an intracranial con-
nection is present, these may ultimately lead to CSF leak, meningitis, cavernous sinus thrombosis, and periorbital cellulitis. 
The dermoid cyst may also cause a cosmetic issue that worsens with time as the expanding cyst deforms the nasal bones and/
or cartilages. Early surgical excision of dermoid cysts is recommended in order to prevent complications from cyst infection. 
Cyst incision and drainage, marsupialization, administration of caustic substances, and partial excision were attempted in the 
past with poor results [ 11 ]. It is now agreed that complete cyst removal is the ideal treatment. In fact, the use of an operative 
microscope to ensure complete dissection of the dermoid cyst components has been supported by many authors [ 7 ,  11 ,  12 ]. 
Numerous types of incisions have been proposed as ideal for the transnasal approach for a nasal dermoid, including midline 
vertical, transverse, inverted U, open rhinoplasty, and the more extensive lateral rhinotomy and degloving procedures [ 9 ,  11 ]. 
Midline vertical incisions for cysts of the nasal dorsum have been the mainstay of approaches in the literature (Figs.  28.2b, 
c ) [ 16 ], although more recent papers suggest that these can be associated with subsequent scar widening. Pollock suggested 
that the four criteria for an appropriate surgical approach to the excision of a dermoid cyst and tract be the following: (1) 
provide access to all midline cysts and permit medial and lateral osteotomies if necessary, (2) favor the rapid repair of crib-
riform defects and permit control of CSF rhinorrhea if present, (3) allow for reconstruction of nasal dorsum, and (4) offer the 
probability of acceptable scar formation [ 11 ]. Proponents of the open rhinoplasty approach point to the meeting of these 
criteria as well as a superior cosmetic result [ 17 ]. Endoscopic approaches have also been used for primarily intranasal der-
moids with limited or no cutaneous involvement [ 18 ]. 

 If intracranial extension is present, a combined neurosurgical and transfacial procedure is advised. This may be planned 
as a staged procedure; however, a single-stage combined intracranial-extracranial approach has been described as a safe and 
effective procedure [ 9 ]. The extracranial portion is typically performed fi rst, with a limited excision of the nasal dorsum 
involving the dermoid cyst or sinus tract. The tract is then dissected toward the point of origin through the nasal or frontal 
bones. A coronal incision is then made and the anterior scalp fl ap elevated in a subperiosteal plane. At the nasofrontal region, 
dissection is carried out in the supraperiosteal plan to allow for an en bloc resection the cyst/tract. The neurosurgery team 
will then perform a limited frontal craniotomy to identify and dissect out the intracranial portion [ 9 ]. Various approaches 
have been described for the intracranial aspect of extirpation, including more recent keyhole craniotomies such as transgla-
bellar or supraorbital approaches [ 19 ,  20 ]. It has been proposed that prior to proceeding with a craniotomy routinely for 
intracranial extension, the dermoid sinus stalk can be biopsied at the skull base; if the stalk is purely fi brous at this location, 
it is of no clinical consequence, and an unnecessary craniotomy can be prevented [ 10 ]. The absence of dermoid elements at 
the skull base, however, does not guarantee its absence more proximally, and such management may result in an increased 
incidence of recurrence [ 9 ]. The combination of intraoperative fi ndings and preoperative imaging should be used to deter-
mine the appropriate extent of surgery.  

    Nasal Gliomas 

 Nasal gliomas similarly represent brain tissue that has persisted through an anterior cranial defect; however, unlike encepha-
loceles, their meningeal connection has been lost. The term glioma implies a true neoplasm and is thus a misnomer; other 
terms such as encephaloma or nasal cerebral heterotopia have been proposed to more accurately refl ect the nature of the 
lesion. Nasal gliomas are usually fi rm, non-compressible masses. Sixty percent are extranasal, 30 % are intranasal, and 10 % 
are both and can be found anywhere from the glabella to the nasal tip [ 1 ]. Intranasal gliomas can be misdiagnosed as polyps 
although they are typically less translucent. As polyps are rare in childhood, visualization of polypoid-type tissue in a young 
patient should raise suspicion for an intranasal glioma and prompt subsequent imaging. Rarely, a glioma may be diagnosed 
in an adult; patients in their fi fth and sixth decades have been described. [ 21 ,  22 ] A pedicle of glial tissue with a dural con-
nection is found in 15–20 % of cases. However, due to the absence of meninges, gliomas do not have the extracranial conti-
nuity of CSF fl ow that encephaloceles do, thereby clearly delineating the two on MR imaging [ 3 ]. Fine needle aspiration or 
biopsy is not recommended. 

 Surgical excision is the treatment of choice for nasal gliomas. Delay in treatment may result in distortion of the septum or 
nasal bones. Infection may also result. A conservative and cosmetic incision is preferred, given that nasal glioma is benign 
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with rare cases of recurrence [ 1 ,  23 ]. The intranasal stalk of the glioma should be traced back to its origin in order to deter-
mine the presence or absence of intracranial extension. Extranasal gliomas are typically approached via a lateral rhinotomy 
or external rhinoplasty approach depending on the predominant location of the glioma [ 1 ]. These approaches should allow 
for the best exposure of the posterior and superior elements of the mass so that the connection to the cribriform area can be 
identifi ed and excised under direct visualization. Intranasal glioma can be approached endoscopically, ideally with an intra-
operative guidance system to evaluate for intracranial extension. The surgeon should be prepared for the possibility of a dural 
defect as a result of glioma excision. Additional tissue, such as a fascial graft, may be required for closure. If intracranial 
extension is present and cannot by approached safely, neurosurgical involvement with a possible frontal craniotomy is rec-
ommended. Other approaches that have been described include sublabial, trans-septal, and transethmoid approaches for 
select cases depending on the location of the glioma [ 23 ].  

    Nasal Encephaloceles 

 Congenital nasal encephaloceles represent an extracranial herniation of meninges and brain tissue. Further classifi cation of 
encephaloceles is determined by the site of herniation (Table  28.1 ). Reports of the incidence of encephaloceles vary from 1 
in 3,000 to 12 in 30,000, with a much higher incidence in Asian populations [ 4 ]. The internal skull defect is located in the 
midline, but the site of presentation of the encephalocele varies depending on the surrounded defect in the facial skeleton 
[ 24 ]. Encephaloceles are soft compressible masses that transilluminate; when encountered intranasally they can be mistaken 
for polyps (Fig.  28.3a ). Patients with encephaloceles have a positive Furstenberg test; the mass enlarges with increased intra-
cranial pressure with crying or straining. On CT, encephalocele appear as a soft tissue density that can be diffi cult to distin-
guish from other common nasal lesions such as polyps, but there can be an appreciable skull base bony defect (Fig.  28.3b ). 
On MRI, encephaloceles demonstrate a contiguous CSF space (Fig.  28.3c ). If left untreated, encephaloceles carry the risk of 
CSF leak, meningitis, and intracranial abscess.

  Table 28.1    Types of 
encephaloceles  

 Classifi cation  Site of herniation  Location of mass 

  Occipital  (75 %) 
  Sincipital  (15 %) 
  Nasofrontal  Fonticulus nasofrontalis  Forehead 
  Nasoethmoidal  Foramen cecum  Nasal dorsum or intranasal 
  Naso-orbital  Medial orbital wall  Orbit and ethmoid sinuses 
  Basal  (10 %) 
  Transethmoidal  Cribriform plate  Intranasal 
  Sphenoethmoidal  Between ethmoid and sphenoid  Nasopharynx 
  Trans-sphenoidal  Craniopharyngeal canal  Nasopharynx 
  Sphenomaxillary  Superior and inferior orbital fi ssure  Pterygopalatine fossa 

  Fig. 28.3    ( a ) Nasal endoscopy of an encephalocele obstructing the left nasal cavity (* mass,  S  septum,  IT  inferior turbinate). ( b ) Coronal CT of 
an encephalocele extending from left anterior skull base into the nasal cavity. ( c ) Coronal MRI of an encephalocele extending from left anterior 
skull base into the nasal cavity       
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    Early surgical treatment is also recommended for encephaloceles. Delayed excision may result in infection, progressive her-
niation, or cosmetic deformity. Emergent surgery, however, is rarely required, allowing for extensive preoperative planning with 
appropriate imaging and coordination of the subspecialty teams. Indications for emergent surgery include open encephaloceles, 
hemorrhage, CSF leak, impending ulceration, airway obstruction, or visual impairment [ 25 ,  26 ]. Sincipital encephaloceles gen-
erally require a combined intracranial approach via a frontal craniotomy and extracranial-extranasal approach. Historically the 
intracranial and extracranial portions are performed as a staged procedure, but more often now a two-team single-stage proce-
dure is performed [ 25 – 29 ]. For lesions with wide intracranial communication, typically an encephalocele, a two-stage procedure 
should be considered. The intracranial portion is performed fi rst. With later resection of the extracranial component, the risk of 
a CSF leak is diminished. In lesions with suspected communication, general steps include a frontal craniotomy, resection of the 
intracranial portion of the encephalocele, dural repair, and a second layer such as a pericranial fl ap for water-tight closure. 
Calvarial bone grafts may be required to close large defects. The extracranial resection is then completed and may require oste-
otomies for correction of facial deformities [ 26 – 28 ]. Multiple surgeons have noted that often times an extracranial-extranasal 
encephalocele can be successfully excised in a single-stage procedure via a bicoronal incision without the need for an additional 
facial incision [ 1 ,  29 ]. In this case the bicoronal fl ap is extended inferiorly to the bony-cartilaginous junction of the nasal dorsum 
without requiring any further incisions. For encephaloceles with a predominantly intranasal extracranial component, an endo-
scopic approach has been used with success [ 1 ]. Use of intraoperative image guidance has been recommended in these cases.  

    Congenital Nasolacrimal Duct Cysts 

 A congenital nasolacrimal duct obstruction may also present as a cystic intranasal mass. The nasolacrimal duct arises from ecto-
dermal tissue in the naso-orbital groove. At approximately 3 months’ gestation, the ectodermal cord begins to canalize, forming 
the lacrimal canalicular system. Numerous valves are formed during the canalization process: the most proximal being the valve 
of Rosenmuller at the junction of the lacrimal canaliculi and lacrimal sac, and the most distal the valve of Hasner at the termina-
tion of the duct in the nasal mucosa at the inferior meatus. Obstruction may occur anywhere along the length of the nasolacrimal 
duct system but is most common at the valve of Hasner [ 30 ,  31 ]. When the nasolacrimal duct fails to canalize completely, typi-
cally a thin membrane persists which ruptures during initial neonatal respirations. If the membrane does not rupture, tears and 
mucoid discharge accumulate in the duct. This accumulation of fl uid tends to result in a cystic swelling of either the most proxi-
mal or most distal portions of the nasolacrimal duct system due to the bony encasement of the central length of the duct. 
Congenital nasolacrimal duct cysts have also been referred to as nasolacrimal duct mucoceles and dacryocystoceles [ 32 ,  33 ]. 

 The presentation of a nasolacrimal duct cyst depends on the location of obstruction. If the obstruction is proximal, epiph-
ora, dacryocystitis, and periorbital cellulitis may develop, along with a cystic swelling of the medial canthal area. In the case 
of distal obstruction, an intranasal cyst may occur. If this cyst is large or bilateral, neonatal respiratory distress may be the 
initial presenting symptom that can be progressive and life-threatening due to obligatory nasal breathing in infants. Unilateral 
cysts may be more diffi cult to diagnose, presenting with feeding diffi culties, sleep disturbance, or intermittent acute respira-
tory distress varying with the physiologic nasal cycle [ 33 ]. 

 Direct visualization of the cyst with anterior rhinoscopy and nasal endoscopy in the stable patient is important for char-
acterizing the mass and ruling out other causes of nasal obstruction such as piriform aperture stenosis and choanal atresia. 
Of note, a nasal endoscope will be able to be passed medially to a nasolacrimal duct cyst but not to an intranasal encephalo-
cele due to its midline origin [ 34 ]. Both CT and MRI have been proposed as diagnostic imaging modalities for nasolacrimal 
duct cysts. CT has the advantage of excellent delineation of bony anatomy and can concurrently evaluate for piriform aper-
ture stenosis, choanal atresia, and other nasal anomalies. On CT, the cyst will appear as a well-defi ned mass with a low- 
attenuation center that may enlarge the lacrimal sac and displace the inferior turbinate and nasal septum. With enhanced soft 
tissue defi nition, MRI can differentiate the intranasal cyst from surrounding soft tissue structures and evaluate for intracranial 
extension that may assist in excluding the possibility of a glioma or encephalocele [ 31 ,  33 ,  34 ]. 

 Nasolacrimal duct cysts presenting without respiratory distress or infection may often be conservatively managed with 
massage and warm compresses. As many as 86–88 % of infants will be successfully treated with conservative manage-
ment [ 35 ,  36 ]. For persistent, infected, or obstructing intranasal cysts, surgical intervention is indicated. Three approaches 
have been described: (1) nasolacrimal duct probing, (2) nasal endoscopy and marsupialization of intranasal cyst, and (3) 
combined endoscopic marsupialization and nasolacrimal duct probing [ 31 ,  33 ]. Probing allows for proximal disruption of 
the cyst at the valve of Rosenmuller, while marsupialization decompresses the cyst distally. In cases of nasal obstruction 
causing respiratory distress, the combined approach of nasal endoscopy with marsupialization of the cyst with probing and 
irrigation of the nasolacrimal duct is advocated in most published reports. Treatment in subacute and non-emergent cases is 
more  variable. Many authors will treat proximal (medial canthal) cysts with massage or lacrimal probing but advocate that 
all intranasal cysts undergo marsupialization and probing. Recurrence is rare and tends to occur within 6–12 months of the 
original  surgical intervention [ 30 – 34 ,  37 ].   
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    Acquired Sinonasal Lesions: Non-papillomatous 

    Mucous Retention Cysts 

 Retention cysts are the result of obstruction of a seromucinous gland duct of the sinus mucosa. Mucous accumulates causing 
a cystic dilation that is typically discovered as an incidental fi nding on CT scans, most commonly of the maxillary sinus 
(Fig.  28.4 ). Studies have estimated that incidental maxillary sinus retention cysts are found in 9–22 % of the general popula-
tion [ 38 – 41 ]. The characteristic radiographic appearance of a mucous retention cyst is a rounded, dome-shaped homogenous 
mass emanating from a sinus wall or fl oor. On histopathology, these cysts are lined by an epithelium containing serous or 
mucous fl uid. These cysts tend to be asymptomatic unless they obstruct a sinus ostium. Symptoms, when present, include 
headache, nasal obstruction, or facial pain. It is generally thought that mucous retention cysts represent a self-limiting and 
self-resolving pathologic process with spontaneous regression occurring in 18–40 % of cysts [ 41 ], with another signifi cant 
percentage slightly smaller or stable in size with subsequent follow-up imaging. As a result, most therapy consists of medical 
treatment directed at symptom relief and surgical therapy reserved for unrelenting and severe symptomatic cysts.

   Traditional surgical therapy has aimed at puncture and aspiration of symptomatic mucous retention cysts via a natural ostium 
or a Caldwell-Luc approach. More recently, endoscopic approaches have been advocated. The extent of endoscopic sinus surgery 
for cyst management, however, is debated. In a comparison of uncinectomy, anterior ethmoidectomy, partial middle turbinate 
resection, and maxillary antrostomy with and without maxillary sinus cyst extirpation, no signifi cant difference in relief of facial 
pain, nasal discharge, and nasal obstruction after surgery was found despite similar characteristics between the two groups [ 42 ].  

    Mucoceles 

 Mucoceles are thought to form from an obstruction of a sinus ostium with continual secretion of mucous leading to an expan-
sion of the mucocele with subsequent bony remodeling and/or erosion. Due to its narrow drainage pathway and propensity 
for obstruction, the frontal sinus is the most common site for mucocele formation. The presenting symptoms of mucoceles 
are related to the site of obstruction. Frontal sinus mucoceles often present with frontal headache and in extreme cases, pro-
ptosis and vision changes. Sphenoid and ethmoid mucoceles may present with pain and diplopia. Maxillary sinus mucoceles 
are the rarest and may present with facial pressure or pain, nasal drainage, nasal obstruction, or diplopia. The chronic symp-
toms associated with mucoceles can present with acute worsening with signifi cant visual and neurologic changes if  secondary 
infection occurs leading to rapid expansion and infl ammation. The most common cited causes of mucoceles include chronic 

  Fig. 28.4    Coronal CT of a left maxillary sinus mucous retention cyst       
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rhinosinusitis, allergic sinonasal disease, trauma, and previous surgery. Oftentimes, however, the origin of a mucocele cannot 
be identifi ed. 

 Although suspicion for a mucocele may be raised based on history or physical exam, CT is often required to confi rm 
the diagnosis. A soft tissue mass completely fi lling the affected sinus typically with bony expansion or rarely erosion is 
characteristic of a mucocele. MRI may be used to differentiate between a fl uid-fi lled sinus cavity and a solid tumor in 
cases where the diagnosis may be in question based on presentation. Biopsies are typically not necessary. The treatment 
of mucoceles is largely surgical; commonly applied surgical approaches to the different types of mucoceles are dis-
cussed below. 

    Sphenoid and Ethmoid Sinus Mucoceles 

 Due to the close proximity of the sphenoid sinus to a multitude of neurologic and vascular structures, sphenoid sinus 
mucoceles can present with a variety of different signs and symptoms. Frontal and retro-orbital headaches are com-
mon complaints. Ophthalmologic findings include visual loss, diplopia, visual field deficits, and proptosis. Sphenoid 
sinus mucoceles are rare, representing only 1–2 % of paranasal sinus mucoceles [ 43 ]. Commonly identified causes of 
sphenoid sinus mucoceles include ethmoid sinus disease and nasal polyposis [ 44 ]. A number of different approaches 
have been attempted, including intracranial, antral, trans-septal, transpalatal, external, and extensive intranasal tech-
niques. More recently, endoscopic sphenoid sinusotomy and marsupialization of the mucocele are recommended and 
may be performed in conjunction with a partial or total ethmoidectomy and turbinate reduction as necessary for expo-
sure [ 43 ,  44 ]. Ethmoid sinus mucoceles may present in similar fashion and are typically managed with a partial or 
total ethmoidectomy depending on the extent of the disease and pathways of drainage available. Symptomatic isolated 
sphenoid sinus mucoceles are thought to require earlier surgical intervention due to potential for intracranial 
complications.  

    Maxillary Sinus Mucoceles 

 Mucoceles are rarely found in the maxillary sinus; they are thought to represent approximately 10 % of paranasal sinus 
mucoceles [ 45 ]. Large mucoceles may cause nasal obstruction, nasal drainage, diplopia, facial and dental pain, and rarely a 
painless bulging of the cheek. Traditionally surgical treatment has consisted of a Caldwell-Luc approach with an inferior 
nasoantral window and removal of the mucocele lining. More recently, endoscopic evacuation via a wide maxillary antros-
tomy has been advocated [ 45 – 47 ]. It is noted that extensive mucoceles such as those with erosion of the anterior maxillary 
sinus wall, extension to the pterygomaxillary fossa or multiloculated/complicated mucoceles as a result of previous trauma 
or surgery may still benefi t from an open approach.  

    Frontal Sinus Mucoceles 

 Frontal sinus obliteration procedures have thus largely been favored to address frontal sinus mucoceles in the past. These 
procedures include cranialization, the Riedel procedure, and osteoplastic fl ap with obliteration. In patients with short frontal 
nasal ducts, transnasal endoscopic drainage and marsupialization of frontal sinus mucoceles may have comparable rates of 
relief and symptom recurrence [ 46 ,  48 ]. It is thought that active mucociliary transport lends itself to development of normal 
mucosa after marsupialization. Furthermore, in cases of bony erosion of the posterior table or orbit in which the mucosa is 
attached to dura or periosteum and attempts to remove the mucosa may do more harm than good, marsupialization is the 
preferred technique.   

    Hamartomas 

 Hamartomas are benign malformations or inborn errors of tissue development. Albrect fi rst described the term “hamartoma” 
in 1904. A hamartoma is composed of disorganized tissue indigenous to a particular site. Hamartomas can occur in any area 
of the body, with a predilection for the lung, kidney, and intestine [ 49 ]. Hamartomas of the head and neck region, in particular 
the nasal cavity and paranasal sinuses, are very rare [ 50 ]. 
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    Respiratory Adenomatoid Epithelial Hamartoma (REAH) 

 Respiratory adenomatoid epithelial hamartoma (REAH), although rare, is the most common hamartoma of the sinonasal 
tract. Wenig and Heffner fi rst described this distinct lesion in 1995 by identifying 31 cases from the fi les of the Otolaryngic 
Tumor Registry at the Armed Forces Institute of Pathology [ 51 ]. The patients included 27 men and 4 women ranging in age 
from 27 to 81 years, with a mean age of 58 years. Presenting symptoms included nasal obstruction, nasal stuffi ness, deviated 
septum, epistaxis, and chronic rhinosinusitis, with duration of symptoms ranging from a few months up to 8 years. More 
recent case reports have also shown that REAH can present with headaches, facial pain, proptosis, and hyposmia. The most 
common site of occurrence was the nasal septum. It has been estimated that approximately 70 % of REAHs occur in the nasal 
cavity, most often localized to the posterior nasal septum [ 51 – 53 ]. Other sites of occurrence include the ethmoid sinus, fron-
tal sinus, nasopharynx, and maxillary sinus [ 52 – 54 ]. Radiologically, the most common fi nding of REAH is an opacifi cation 
of the affected sinus and some connection to the nasal septum. 

 The mechanisms inducing a hamartoma are still unknown. REAH often arises in the setting of infl ammatory polyps [ 53 – 56 ] 
suggesting that their development is secondary to the infl ammatory process. REAH shares many features with sinonasal 
infl ammatory polyps, including clinical presentation, histopathologic changes, treatment, and behavior. Despite its unknown 
pathophysiology, hamartomas have no capacity for continuous unimpeded growth, and, thus, its proliferation is self-limiting. 

 REAH is diagnosed by biopsy. Grossly, they appear as shiny edematous-appearing polypoid masses, and, microscopi-
cally, they appear as glandular proliferations with polypoid appearance [ 52 ,  53 ]. The characteristic glandular components 
consist of respiratory epithelium originating from the surface epithelium with absence of seromucous glands. The polypoid 
growth results from the respiratory epithelial-lined adenomatoid proliferation [ 53 ]. The glands themselves consist of pseu-
dostratifi ed ciliated epithelial cells with no atypia or metaplastic changes (Fig.  28.5a, b ).

   It is important to differentiate REAH from other pathologic processes in the differential diagnosis, which include infl am-
matory polyps, inverted papillomas, and adenocarcinomas (Table  28.2 ). REAH and nasal polyps share common charac-
teristics of fi broblastic and vascular proliferation, stromal edema, mixed infl ammatory infi ltrate, and seromucous gland 
proliferation. Adenomatoid proliferation and the absence of a seromucous gland component differentiate REAH from 
infl ammatory polyps [ 53 ,  54 ]. Inverted papillomas originate from the stratifi ed squamous epithelium and are characterized 
with a markedly thickened proliferative epithelium, whereas REAH shows adenomatoid structures of respiratory epithelium 
that is often a single layer [ 53 – 55 ]. Inverted papillomas also are characterized by invagination of the surface epithelium in 
the underlying stroma. Sinonasal adenocarcinomas originate from glandular epithelium and are characterized by a complex 
glandular growth pattern with a back-to-back or cribriform pattern lacking intervening connective tissue [ 49 ,  50 ,  53 ,  54 ]. 
The intervening stroma between the ciliated glands of REAH is a reliable way to distinguish this entity from low-grade 
adenocarcinomas, which lack intervening stroma between the glands [ 57 ]. Adenocarcinomas may also demonstrate some 
degree of cellular atypia, pleomorphism, and an increased mitotic index, which are not present in REAH [ 53 ]. Furthermore, 
REAH can also be differentiated from adenocarcinoma through immunohistochemical staining with CD20, CDX-2, and 
MIB-1 (KI- 67) [ 49 ,  50 ,  52 ].

  Fig. 28.5    ( a ) Respiratory epithelial adenomatoid hamartoma (H&E, original magnifi cation ×2). ( b ) Respiratory epithelial adenomatoid  hamartoma 
(H&E, original magnifi cation ×10)       
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   The treatment of REAH is surgical excision. These lesions are usually limited in size and location, and, thus, endoscopic 
approaches are usually suffi cient. It is important to differentiate REAH from inverted papilloma and sinonasal adenocarci-
noma because the latter two are considered true neoplasms that would require more extensive resection.  

    Glandular (Seromucinous) Hamartoma 

 Glandular hamartomas were fi rst described by Baillie and Batsakis in 1974 [ 58 ]. They can present at any age with a mean 
age in the fi fth decade. Most lesions arise in the posterior nasal septum and rarely in the nasopharynx [ 59 ,  60 ]. Glandular 
hamartomas are benign polypoid masses that consist of an epithelial proliferation of small glands, serous acini, and tubules. 
Immunohistochemistry demonstrates glands with positive staining for S-100, CK7, and CK19 and a basal cell layer negative 
for CK 14, p63, and actin [ 60 ]. Some glandular hamartomas have clinical and pathologic features overlapping with those of 
REAH. Table  28.3  shows the pathologic fi ndings used to differentiate a glandular hamartoma from REAH. Similar to REAH, 
treatment is surgical excision.

         Acquired Sinonasal Lesions: Papillomatous 

    Sinonasal (Schneiderian) Papillomas 

 The fi rst documented papilloma of the sinonasal cavity was described by Ward in 1854 [ 61 ]. Ringertz, in 1935, noted inver-
sion of the epithelium into the underlying connective tissue and termed the lesion an “inverting” or “inverted” papilloma 
[ 62 ]. There are many synonyms used to describe sinonasal papillomas (Schneiderian papilloma, transitional cell papilloma, 
and epithelial papilloma). Schneiderian membrane refers to the ectodermally derived ciliated respiratory mucosa that lines 

   Table 28.2    Key differentiating features of REAH from nasal polyps, inverted papilloma, and sinonasal adenocarcinoma   

 REAH  Nasal polyp  Inverted papilloma  Sinonasal adenocarcinoma 

 Location of preference  Posterior nasal septum  No predilection 
for any location 

 Lateral nasal wall  Any sinus (ethmoid 
common) 

 Gross  Induration  Smooth 
 Microscopic  Adenomatoid 

proliferation 
 Sinus mucosa overlying 

gelatinous material 
 Inverted growth of squamous 

epithelium 
 Increased mitotic rate 

 Stromal hyalinization  Proliferation of epithelium 
with mucocytes, 
intraepithelial mucous 
cysts, and infl ammatory 
cells 

 Dysplasia 
 Single lining epithelium  Nuclear stratifi cation 
 Interventing stroma 

between glands 
 Cribriform architecture 

 Immunohistochemistry  CK7 positive  CK7 positive  CK20 positive 
 CK20 negative  CK20 negative  CDX-2 positive 
 MIB-1 low reactivity  MIB-1 high reactivity 

 Malignant transformation  No  No  Yes; 5–10 % 

   Table 28.3    Pathologic fi ndings of REAH versus glandular hamartoma   

 Respiratory epithelial adenomatoid hamartoma 
(REAH)  Glandular hamartoma 

 Gross  Polypoid or exophytic mass  Polypoid or exophytic mass 
 Microscopic  Medium or large glands connected to surface  Epithelial proliferation of small glands, serous acini, and tubules 

 Multilayered ciliated respiratory epithelium  Edematous to fi brous stroma 
 Thickened basement membrane  Larger glands/cysts lined by ciliated respiratory or fl at 

epithelium 
 Mucous metaplasia  Prominent lymphoplasmacytic infi ltrate, no eosinophils 
 Edematous stroma with variable infl ammation  Epithelium fl at to cuboidal 

 Immunohistochemical  Ciliated epithelium positive for CK7  Glands positive for S-100, CK7, and CK19 
 Basal cells positive for p63 and HMWK  CK14, p63, and active negative 
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the sinonasal tract, which can give rise to morphologically distinct papilloma [ 63 ]. The World Health Organization (WHO) 
advocates the classifi cation of Schneiderian papillomas into three separate categories (Table  28.4 ) [ 64 ]. However, this termi-
nology has not yet gained wide acceptance. There is a debate as to whether these are three distinct entities or part of a spec-
trum of papillomatosis. To minimize confusion, we will use the term “sinonasal papilloma” to discuss the various papillomas 
of the sinonasal tract, recognizing that there is controversy with the classifi cation and terminology.

   Sinonasal papillomas are relatively uncommon tumors of the nasal cavity, representing 0.5–4 % of all primary nasal 
tumors [ 65 ]. Sinonasal papillomas are the most common benign sinonasal tumors. They occur with an incidence of 0.2–
0.6 % per 100,000. Men are affected more than woman (3:1). Presentation can occur at any age with a peak between the fi fth 
and sixth decades, and it is extremely rare to present in childhood. Caucasians are at increased risk. Most cases are unilateral 
with no side predilection, but approximately 5 % are bilateral [ 66 ]. 

 The etiology of sinonasal papillomas is unknown. Possible cases include allergies, chronic rhinosinusitis, airborne pollut-
ants, and viral infection. Inverted papillomas can occur in the setting of allergies and chronic rhinosinusitis. The theory of 
chronic infl ammation leading to a monoclonal cell proliferation has been proposed [ 67 ], but is not well supported, and no 
signifi cant correlation has been found between these etiologies and inverted papilloma. Similarly, air pollution and carcino-
gens have been suggested as possible causes [ 68 ], but there are no signifi cant studies to support this theory. Most literature 
investigating the etiology of inverted papilloma has focused on human papilloma virus (HPV). HPV is an epitheliotrophic 
virus and currently thought to be the leading cofactor in the pathogenesis of sinonasal papillomas. Both low-risk subtypes 
(HPV 6 and HPV 11) and high-risk subtypes (HPV 16 and HPV 18) have been identifi ed in sinonasal papillomas. HPV 6 and 
HPV 11 have been found to be associated with both exophytic papillomas and inverted papillomas, but there is no association 
with oncocytic papillomas [ 63 ,  69 ]. There is some evidence that HPV 16 and HPV 18 may convey a higher risk of carcino-
genesis in the setting of inverted papilloma, when compared with HPV 6 and HPV 11 [ 63 ,  70 ]. Sinonasal papillomas likely 
have a heterogeneous etiology, and further research is needed to elucidate these factors. 

 Patients most often present with unilateral nasal obstruction. Other symptoms include epistaxis, rhinorrhea, nasal dis-
charge, facial pain, and epiphora. As the lesion expands into the orbit, it can lead to proptosis and diplopia. Physical examina-
tion often reveals a unilateral polypoid fl eshy nasal mass. These lesions usually appear as an irregular friable lesion that often 
bleeds when manipulated. They are often reddish gray in color, but can easily be hidden among infl ammatory polypoid 
disease. 

 Sinonasal papillomas can present in almost any location in the nasal cavity and paranasal sinuses. Anatomic sites for 
inverted papilloma have been well documented. The most common sites are the nasal listed in Table  28.5  in order of decreasing 
frequency, with the posterior lateral nasal wall being in the most common [ 66 ]. Exophytic papillomas tend to occur on the nasal 
septum. Oncocytic papillomas occur almost exclusively in the lateral nasal wall or in the maxillary or ethmoid sinuses [ 63 ].

      Diagnostic Workup 

 Appropriate diagnostic workup for a sinonasal papilloma includes a comprehensive history and physical examination with 
nasal endoscopy, radiographic studies, and tissue biopsy. The history should focus on the duration and severity of nasal 
symptoms and appropriate questions to assess for orbital, perineural, and intracranial involvement. The nasal endoscopy 
should be performed at the initial consultation to assess the size, origin, and involvement of the lesion (Fig.  28.6a ).

   Table 28.4    WHO classifi cation of Schneiderian 
papillomas         

 Inverted 
 Exophytic (i.e., fungiform) 
 Oncocytic (i.e., columnar or cylindrical) 

   Table 28.5    Common sites of origin of inverted 
papilloma (decreasing order or frequency)         

 Lateral nasal wall 
 Ethmoid cells 
 Maxillary sinus 
 Medial nasal wall/septum 
 Sphenoid sinus 
 Frontal sinus 
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   Imaging is tantamount in the workup. Computer tomography (CT) is considered the initial study of choice. Up to 75 % of 
patients with sinonasal papillomas will have evidence of various degrees of bony destruction (thinning, erosion, sclerotic 
changes). Areas of bone thickening may represent the site of attachment of the tumor [ 71 ]. CT alone often overestimates the 
degree of involvement because it is diffi cult to differentiate a papillomatous lesion from inspissated mucous, mucoperiosteal 
thickening, or nasal polyps. CT has a sensitivity of 69 % and a specifi city of 10 % in diagnosing sinonasal papillomas [ 72 ]. 
Magnetic resonance imaging (MRI) is superior to CT in distinguishing papilloma from infl ammatory disease. Sinonasal 
papillomas have a heterogeneous appearance on MRI. They appear slightly hyperintense on contrast-enhanced T1-weighted 
images, whereas secretions and mucus will not enhance but will be rimmed by a bright signal from the infl amed mucosa on 
contrast-enhanced T1-weighted images. They have an intermediate signal on T2-weighted images, whereas polyps and 
inspissated mucus appear hyperintense on T2-weighted images. A diagnosis for inverted papilloma can be suggested by a 
“convoluted cerebriform pattern” on T2-weighted or enhanced T1-weighted MRI [ 73 ]. Overall, CT is a very helpful initial 
imaging modality to assess to bony destruction, and MRI is very useful to defi ne the extent of the lesion. 

 Biopsy is essential to the diagnosis of sinonasal papillomas. Biopsy should be preceded by appropriate imaging to rule 
out intracranial lesions that can present as sinonasal masses. Sinonasal papillomas can be divided into three histologic sub-
types: inverted, exophytic (fungiform), and oncocytic (cylindrical, columnar). Inverted papillomas, which account for 
approximately 62 % of all sinonasal papillomas, have an endophytic growth pattern and often originate from the lateral nasal 
wall. Histology reveals hyperplastic epithelium inverting into the underlying stroma, with a distinct and intact basement 
membrane (Fig.  28.6a–c ) [ 63 ,  74 ]. The epithelium of inverted papilloma is distinct from respiratory mucosa and lacks 
mucus-secreting cells and eosinophils. Exophytic or fungiform papillomas, which account for approximately 32 % of sino-
nasal papillomas, have an exophytic growth pattern as suggested by the name. Histology reveals hyperplastic squamous 
epithelium arranged in papillary fronds with exophytic growth [ 74 ]. Oncocytic papillomas are the rarest type, accounting for 

  Fig. 28.6    ( a ) Nasal endoscopy of an inverting papilloma obstructing the right nasal cavity. ( b ) Inverted papilloma (H&E, original magnifi cation 
×2). ( c ) Inverted papilloma (H&E, original magnifi cation ×10)       
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approximately only 6 % of sinonasal papillomas. Histology reveals a multilayered epithelium with eosinophilic cytoplasm 
with intraepithelial mucin cysts [ 74 ]. The pathologic fi ndings of the sinonasal papillomas are summarized in Table  28.6 .

   Inverted papillomas have been reported to have a 5–10 % risk of malignant transformation. Of all carcinomas associated 
with inverted papillomas, approximately two-thirds are synchronous and one-third is metachronous. Oncocytic papillomas 
have a slightly high risk of malignant transformation at 14–19 % [ 63 ,  75 ]. Squamous cell carcinoma is the most common 
malignant neoplasm associated with sinonasal papillomas. Exophytic papillomas have not been found to have malignant 
potential. 

 Several staging systems have been developed for inverting papilloma to aid in the classifi cation of disease extent. These 
are summarized in Tables  28.7 ,  28.8 , and  28.9  [ 76 – 78 ]. The most popular one is that proposed by Krouse [ 76 ]. He proposed 
a four-sage system based on the degree of invasion into the paranasal sinuses and the associated malignancy based on endo-
scopic and imaging fi ndings.

         Treatment 

 The role of medical therapy and radiotherapy is limited for this benign disease. Radiotherapy has been proposed when the 
tumor was inoperable, or as an adjunct when there is associated malignancy or incomplete removal [ 79 ]. Surgical therapy is 
the mainstay of treatment; however, the type and extent of surgical therapy has been debated. The goals of surgical therapy 

   Table 28.6    Pathologic fi ndings of Schneiderian papillomas   

 Inverted papilloma  Exophytic papilloma  Oncocytic papilloma 

 Gross  Lateral nasal wall  Nasal septum common  Lateral nasal wall or sinuses 
 Large polypoid lesions  Gray-tan caulifl ower-like  Small fragments of exophytic tissue 
 Deep clefts on surface  Narrow stalk 
 Fibrous appearance 

 Microscopic  Endophytic, inverted growth pattern with 
extension into stroma 

 Branching, exophytic 
proliferations 

 Multilayered columnar or oncocytic 
epithelium 

 Multilayered thick nonkeratinizing 
squamous epithelium 

 Stratifi ed squamous epithelium  Intraepithelial mucous cysts 

 Intraepithelial mucous cysts  Intraepithelial mucous cysts  Seromucous glands in lamina propria 
 No seromucous glands in stroma  Stroma with serous glands 
 Preserved basement membrane 

 Immunohistochemical  CK7, CK8, CK19, p63, HMWK  n/a  n/a 

   Table 28.7    Krouse staging system for inverted papilloma   

 Stage  Description 

 I  Tumor limited to the nasal cavity 
 II  Tumor limited to the ethmoid sinus and/or medial and superior portions of maxillary sinus 
 III  Tumors involving lateral, inferior, anterior, or posterior walls of the maxillary sinus, sphenoid sinus, or frontal sinus 
 IV  Tumors extending outside sinonasal cavities (orbital or intracranial extension) or tumors associated with malignancy 

   Table 28.8    Han et al. staging system for inverted papilloma   

 Stage  Description 

 I  Tumor limited to nasal cavity, lateral nasal wall, medial maxillary sinus, ethmoid sinus, or sphenoid sinus 
 II  Tumor with extension lateral to medial maxillary wall 
 III  Tumor with extension into frontal sinus 
 IV  Tumor with extension outside the paranasal sinuses 

   Table 28.9    Cannady et al. staging system for inverted papilloma   

 Stage  Description 

 A  Tumor confi ned to nasal cavity, ethmoid sinuses, or medial maxillary sinus 
 B  Tumor with involvement of any maxillary wall (other than medial), frontal sinus, or sphenoid sinus 
 C  Tumor with extension outside the paranasal sinuses 
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are to achieve exposure for complete tumor resection, provide an unobstructed view for postoperative surveillance, and mini-
mize functional and aesthetic disabilities [ 74 ]. 

 Current surgical techniques can be divided into endoscopic and external approaches (Table  28.10 ). Early attempts to treat 
inverted papillomas with simple and conservative procedures (i.e., non-endoscopic intranasal excision with or without 
Caldwell-Luc approach) resulted in high recurrence rates [ 66 ]. More aggressive treatment with en bloc ethmoidectomy and 
medial maxillectomy via a lateral rhinotomy approach have resulted in lower recurrence rates [ 80 ,  81 ]. Since the advent of 
endoscopic sinus surgery, endoscopic approaches, either alone or combined with external approaches, are evolving to be the 
approach of choice to minimize morbidities associated with external approaches. Endoscopic approaches can have limita-
tions especially with extensive tumor extension (Table  28.11 ) [ 82 ]. However, improved endoscopic techniques are gradually 
redefi ning “endoscopic resectability” and have allowed for resection of areas traditionally resected by open external approach. 
Endoscopic medical maxillectomy has been described and reported to have similar recurrence rates with open medial maxil-
lectomy procedures. Waitz and Wigand were the fi rst to report in a series that endoscopic approaches did not have worse 
recurrence rates compared with open approaches [ 83 ]. A recent meta-analysis and systematic review of literature support 
endoscopic approach as a favorable option compared with other approaches [ 84 ,  85 ]. The large meta-analysis showed a 12 % 
rate of recurrence for the endoscopic group (714 patients) versus 20 % rate of recurrence for the non-endoscopic group (346 
patients) [ 84 ]. However, it is important to recognize that often smaller and less aggressive tumors fall into the endoscopic 
treatment group. Endoscopic approaches for the resection of inverted papillomas can achieve similar recurrence rates com-
pared to traditional external approaches.

      External/Open Medial Maxillectomy 

 External approaches to the maxilla can be achieved with a lateral rhinotomy, Weber-Ferguson, or midface degloving 
approach. A lateral rhinotomy involves making a curvilinear incision between the medial canthus and the dorsum of the nose 
along the nasal facial groove (Fig.  28.7 ). The incision is made down to through the periosteum, and the periosteum is elevated 
to expose the medial orbital wall, anterior maxillary wall, and pyriform aperture. The modifi ed Weber-Ferguson incision is 
a lateral rhinotomy incision combined with superior a horizontal subciliary incision to the lateral orbital rim and an inferior 
philtral lip-splitting incision (Fig.  28.7 ). This is often is used to access tumors with orbital and/or alveolus extension. An 
alternative approach to access the maxilla is the midfacial degloving approach which involves the following incision: bilat-
eral intercartilaginous, septocolumellar transfi xion, bilateral sublabial incisions from one maxillary tuberosity to another, 
and pyriform aperture incisions connecting the septocolumellar transfi xion and intercartilaginous incisions. This approach 
achieves great exposure of the lateral nasal wall and pyriform aperture. These approaches can be combined with craniofacial 
approaches to treat lesions involving the skull base and anterior cranial fossa.

   Whichever approach is chosen, the goal of the external approach is to achieve optimal exposure of the areas of 
tumor involvement. For tumors limited to the lateral nasal wall, a medial maxillectomy is usually sufficient for com-
plete tumor removal. Circumferential osteotomies are performed to mobilize the medial maxilla. These include oste-
otomies through the inferior and anterior aspects of the medial maxillary wall, the medial wall of the orbital inferior 
to the frontoethmoid suture line, and the inferior orbital rim and floor. The specimen is then mobilized from the 
 posterior wall of the maxillary sinus.  

   Table 28.11    Limitations to endoscopic approaches         

 Intracranial extension 
 Orbital extension, lacrimal fossa extension or V2 involvement 
 Extensive skull base erosion 
 Extensive frontal involvement 
 Extensive infratemporal fossa involvement 
 Extensive scarring and anatomic distortion from prior surgery 

   Table 28.10    Types of surgery of inverted papilloma   

 Endoscopic  External 

 Endoscopic resection  Caldwell-Luc 
 Endoscopic ethmoidectomy  External ethmoidectomy 
 Endoscopic medial maxillectomy  Medial maxillectomy via lateral rhinotomy or Weber-Ferguson incision 

 Medial maxillectomy via midfacial degloving 
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   Endoscopic Medial Maxillectomy 

 The fi rst endoscopic approach for sinonasal papilloma was reported by Stammberger in 1981. Whereas open approaches are 
able to resect the tumor en bloc, endoscopic approaches involve piecemeal resection of the tumor. The degree of endoscopic 
resection is determined by the extent and origin of the papilloma. Most inverted papillomas involve the lateral nasal wall and 
extend into the ethmoid and maxillary sinuses. As such, endoscopic resection with a medial maxillectomy, total ethmoidec-
tomy, and partial or complete middle turbinectomy is suffi cient. 

 Endoscopic medial maxillectomy involves resection of the inferior turbinate, medial maxillary wall, nasolacrimal duct, 
and ethmoid complex. The procedure begins with an uncinectomy and maxillary antrostomy. The maxillary antrostomy is 
enlarged posteriorly to the posterior wall of the maxillary sinus. The inferior turbinate is medialized and crushed, and then it 
is resected along the lateral nasal wall. Mucosal cuts are made to the fl oor of the nose. Bone cuts are then made with an 
osteotome along the fl oor of the nose to the posterior wall of the maxillary sinus. The medial maxillary wall is tethered by 
the nasolacrimal duct anteriorly, and this structure is transected, freeing the entire medial maxilla. A dacryocystorhinostomy 
can be performed at this point to prevent postoperative scarring and epiphora. Depending on the extent of the papilloma, an 
ethmoidectomy may be indicated to clear the ethmoid complex and lamina papyracea.   

    Complications 

 Complications can occur after both external and endoscopic surgeries for sinonasal papilloma. Blepharitis, diplopia, and 
dacryocystitis can occur after lateral rhinotomy approaches [ 82 ]. Weber-Ferguson approaches can lead to scarring with 
downward pull of the lower lid leading to ectropion [ 82 ]. Vestibular stenosis is a common complication after midfacial glov-
ing. CSF leak can occur with both open and endoscopic procedures. Orbital complications can be serious and include orbital 
hematoma, diplopia, and blindness. Both approaches can lead to prolonged crusting, epiphora, synechiae/scarring, and 
 epistaxis. It is important to counsel patient preoperatively on the risks associated with each approach.  

  Fig. 28.7    Incisions for open maxillectomy. The lateral rhinotomy 
incision is shown ( solid line ), along with extensions ( dotted line ) 
to make a modifi ed Weber- Ferguson incision       
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   Surveillance 

 Close follow-up is of utmost importance after surgery to monitor for disease recurrence. The recurrence rates reported in 
the literature have ranged from 28 to 74 % [ 70 ]. Most recurrences occur within the fi rst 5 years of treatment [ 86 ]. Some 
authors recommend lifelong surveillance [ 87 ]. Recurrence can be monitored with in-offi ce nasal endoscopy, and biopsies can 
be taken or imaging performed if suspicion is high for recurrence. There is no reliable histologic prognostic parameter for 
inverted papilloma recurrence. However, increased hyperkeratosis, increased mitotic index, and the absence of infl ammatory 
polyps have been showed in some reports to be related to recurrence [ 88 ,  89 ]. One study found that patients with HPV 6 or 
HPV 11 have lower recurrence rates than those with HPV 16 or HPV 18 [ 90 ].    

    Conclusions 

 Congenital and acquired sinonasal lesions represent a unique category in the differential of a benign sinonasal mass. Sinonasal 
cysts are usually found in the pediatric population and originate from developmental anomalies. Sinonasal papillomas are 
a common nasal lesion, and the inverted and oncocytic types have a small but signifi cant risk for malignant transformation. 
Recent research interest on HPV is helping to elucidate the underlying pathophysiology of the disease. The surgical man-
agement of congenital and acquired lesions centers around total excision and limitation of functional defects and cosmetic 
deformities. Recent advances in endoscopic sinus surgery have helped developed minimally invasive means to resect these 
lesions and minimize comorbidities.     
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    Chapter 29   
 Tumors of the Nose and Paranasal Sinuses 

             Aaron     D.     Robinson      ,     Jonathan     Liang     , and     Quang     Luu     

           Introduction 

    Nasal and paranasal sinus tumors encompass a wide variety of both benign and malignant pathologies. Challenges lie in the 
diagnosis and treatment of these tumors as the confi ned spaces of the nasal vault and paranasal sinuses necessarily force these 
tumors in close proximity to the orbit, the cavernous sinuses, the base of the skull, the hard palate and dentition, and the soft 
tissues of the nose and face. The relative rarity of these tumors makes defi nitive treatment recommendations diffi cult.  

    Relevant Anatomy 

 The borders of the nasal cavity extend from the nose anteriorly to the nasopharynx posteriorly and from the palatine process 
of the maxillary bone and horizontal plate of the palatine bone inferiorly to the nasal bone, frontal bone, cribriform plate of 
the ethmoid bone, and sphenoid body superiorly. The septum divides the nasal cavity into right and left halves. Laterally, the 
nasal cavity ends at the medial wall of the maxillary sinus (Fig.  29.1 ).

   The paranasal sinuses include the paired maxillary sinuses, ethmoid sinuses, sphenoid sinuses, and frontal sinuses. 
Primary lymphatic drainage for the maxillary antrum includes the parotid, submandibular, retropharyngeal, and jugular 
nodes [ 1 ].  

    History 

 Patients with nasal and paranasal sinus tumors present with various symptoms depending on location of the tumor and 
involvement of adjacent structures. The most common symptoms of nasal cavity tumors include obstruction of airfl ow 
through the nose, nasal discharge, pain, and epistaxis (Table  29.1 ). Sphenoid sinus neoplasms that involve the cavernous 
sinuses laterally can cause defects of the third, fourth, and sixth cranial nerves. Paranasal sinus tumors manifest insidiously, 
often hidden within the sinus recesses and mimicking sinusitis or headaches until involvement of adjacent structures such as 
the eye, nasolacrimal duct, pterygopalatine fossa, palate, and optic chiasm lead to symptoms such as visual changes, epiphora, 
loss of sensation, loosening of teeth, and double vision. Unfortunately, this insidious presentation explains the often advanced-
stage presentation of paranasal sinus tumors.
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       Physical Examination 

 Physical examination fi ndings specifi c to pathology in the nasal and paranasal sinuses are often elicited in a complete head 
and neck examination. Thorough skin examination can reveal subtle erythema from underlying tumor infl ammation. Intraoral 
examination can reveal erosion of tumor into the soft and hard palate (Fig.  29.2 ) or loosening of teeth demonstrating submu-
cosal fullness or even frank tumor. Cranial nerve examination can reveal visual changes from optic nerve involvement, 
numbness in the trigeminal nerve distribution, ocular palsy from abducens and trochlear nerve involvement, and numbness 
in neurosomes supplied by the nasopalatine nerve and infraorbital nerve. Dry eye suggests possible involvement of the 
Vidian nerve, while epiphora can suggest involvement of the nasolacrimal duct. Neck palpation, paying particular attention 
to perifacial, submental, parotid, and upper cervical nodes, helps clinically stage the disease extent.

 Nasal obstruction  Headache  Nasal discharge  Epistaxis 
 Anosmia  Diplopia  Cranial nerve palsies  Anesthesia of teeth 
 Proptosis  Epiphora  Eustachian tube dysfunction  Lymphadenopathy 

  Table 29.1    Most common 
presenting symptoms of 
paranasal sinus tumors  

Ethmoid
Cribriform
plate

Maxillary
sinus

Orbit

  Fig. 29.1    Relationship of paranasal sinuses to the base of 
skull, orbits, and palate (Reprinted from Donald [ 102 ]. 
With permission from Lippincott Williams and Wilkins)       

  Fig. 29.2    Tumor eroding through hard palate       
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   Endoscopy is a critical component of sinonasal tumor evaluation. It allows for gross examination of anatomic spread of a 
lesion and may guide biopsy. It may be limited, however, especially in a clinic setting, in examination of recessed areas such 
as the anterior cranial vault, orbit, and pterygopalatine fossa.  

    Imaging 

 Computed tomography has been a mainstay of paranasal sinus imaging, especially for infl ammatory diseases. It provides 
excellent detail when imaging thin bony walls such as those between sinus cells, the lamina papyracea, and the cribriform 
plate [ 2 ]. Mucosal thickening is appreciated easily. However, magnetic resonance imaging (MRI) is more useful in differen-
tiating benign from malignant tumors. Signal characteristics often allow separation of tumor from normal structures such as 
the periosteal lining of the periorbita and dura mater. Furthermore, tumor infi ltration can be discerned more easily with MRI 
[ 3 ]. Postoperative MRI, however, is somewhat limited for surveillance of recurrent disease as the signal of treated tissues 
may have changed [ 4 ]. 

 Computerized tomography (CT) is superior to MRI for demonstrating fi bro-osseous lesions such as an osteoma, an ossify-
ing fi broma, and fi brous dysplasia. MRI is typically superior to CT scan for soft tissue delineation. Benign soft tissue lesions 
such as inverted papilloma and juvenile nasopharyngeal angiofi bromas exhibit characteristic qualities on imaging that may 
aid in the diagnosis, which will be discussed later in this chapter [ 5 ]. 

 Imaging is crucial in mapping tumor extent (Figs.  29.3 ,  29.4 , and  29.5 ). Most sinonasal malignancies arise from the max-
illary sinus, while the next most common site is the nasoethmoidal area. Careful analysis of imaging for nasoethmoidal 
tumors must include an assessment of the integrity of the orbit, the fl oor of the anterior cranial fossa, and the sphenoid sinus. 
If the bone of the lamina papyracea is eroded, an assessment of the periorbita must be made, as patients in whom the perior-
bita is intact may be spared an orbital exenteration. MRI may demonstrate a thin hypointensity on T2 between the tumor and 
orbital fat, suggesting integrity of the periorbita [ 5 ]. Although the absolute determination will be made intraoperatively, this 
information is useful for preoperative planning and patient counseling. The radiologic assessment of the skull base naturally 
includes assessment of the bony interface, and dural changes are better characterized by MRI. Thus, examining the signal 
changes of the bone/periosteum of the cribriform, of the overlying dura mater, and the subarachnoid space is important.

     Because of the complex anatomy and plethora of nerves in the nose and paranasal sinuses, imaging of perineural 
spread is necessary. Both nerve enhancement and nerve and foraminal enlargement are sensitive predictors of nerve 
involvement [ 6 ]. Disruption of the nerve-blood barrier from tumor infi ltration allows seepage of iodinated or 

  Fig. 29.3    Inverting papilloma eroding into the anterior cranial fossa       
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paramagnetic contrast agents, which accounts for segmental nerve enhancement on MRI. Special attention should be 
directed to Meckel’s cave, which is a retrograde central area through which the trigeminal nerve branches reside 
(Fig.  29.6 ).

   Fused positron emission topography/computed tomography (PET/CT) is increasingly used in staging and manage-
ment of head and neck cancer. However, the paucity of literature about its role in sinonasal tumor management makes 
strong recommendations impossible. Several papers suggest that PET/CT may be useful in detection of recurrent 
 disease [ 5 ].  

  Fig. 29.4    Imaging is important to assess paranasal sinus tumor 
relation to the orbit. This case demonstrates an inverting 
papilloma with intracranial invasion and periorbital 
involvement       

  Fig. 29.5    Maxillary sinus carcinoma with invasion into infratemporal fossa and soft tissues of the face       
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    Biopsy 

 Biopsies are important in establishing a tumor diagnosis prior to deciding on defi nitive treatment. In the clinic setting, 
excluding coagulopathic patients, it may be reasonable to obtain tissue if the clinician is confi dent that the tumor arises from 
the septum, lateral nasal wall, or turbinate, and that generous bleeding can be easily controlled. Furthermore, there should be 
little suspicion for intracranial pathologies such as encephaloceles or vascular tumors. However, should the origin of the 
tumor be impossible to ascertain or if a juvenile nasopharyngeal angiofi broma or vascular-appearing tumor is suspected, it 
may be prudent to obtain imaging to rule out such lesions. Biopsy in the operating room affords a more controlled setting as 
signifi cant blood loss from biopsy of friable tumors is not uncommon.  

    Benign Tumors 

    Juvenile Nasopharyngeal Angiofi broma 

 Juvenile nasopharyngeal angiofi broma (JNA) was fi rst described by Friedberg in 1940. It is a rare benign vascular lesion and 
accounts of 0.5 % of all head and neck tumors [ 7 ]. It is a lesion most commonly found in adolescent and prepubescent males. 
Occurrence in females is rare. It often presents with symptoms of nasal obstruction and epistaxis. The etiology is unknown, 
but theories include hormonal activation and desmoplastic response of the nasopharyngeal periosteum or embryonic fi bro-
cartilage. Patients with the familial adenomatous polyposis gene have a 25-fold risk of having this lesion [ 8 ]. 

 On endoscopic examination, patients clearly have a nasal mass. The mass commonly appears sessile, lobulated, rubbery, 
and red-pink to tan-gray in appearance. Patients can also present with an orbital mass and proptosis. Large extensive tumors 
may lead to Eustachian tube dysfunction, zygomatic swelling, and trismus. The lesion usually arises near the posterior 
attachment of the middle turbinate, adjacent to the sphenopalatine artery. 

 Radiographically, JNA presents as a heterogenous nasal mass in the region of the sphenopalatine foramen. CT helps to 
defi ne tumor extent, and MRI can help delineate intracranial involvement. JNAs can appear dumbbell shaped with one end 
in the nasopharynx and the other in the pterygopalatine fossa. Their growth may result in bowing of the posterior wall of the 
maxillary sinus on CT, termed a Holman-Miller sign, as well as erosion of the pterygoid plates. Angiography classically 
shows a conglomerate of blood vessels from branches of the external carotid system feeding the area of the mass. The main 
blood supply of JNA is usually the internal maxillary artery. 

  Fig. 29.6    Primary nerve sheath tumor involving trigeminal nerve, with widening of Meckel’s cave       
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 JNAs originate from myofi broblasts. Histologically, JNAs demonstrate characteristic thin-walled vessels which lack 
elastic fi bers and have absent or incomplete smooth muscle. Immunohistochemistry is strongly positive for vimentin. 

 Several staging systems exist. The most commonly used are those formulated by Sessions and Fisch (Tables  29.2  
and  29.3 ).

    Treatment for JNA includes medical and surgical therapy. Medical therapy commonly includes hormonal therapy (testos-
terone receptor blocker fl utamide), radiotherapy (external beam, stereotactic, and conformal radiotherapy), and chemother-
apy [ 7 ]. Studies have demonstrated that local control and recurrence rates with radiation are comparable to surgical results 
[ 9 ]. Surgical therapy includes both open approaches and endoscopic approaches. Various open approaches (transoral, trans-
facial, and combined craniofacial approaches) are available, and tumor size and extent will dictate the optimal choice. 
Preoperative embolization is typically recommended to minimize surgical blood loss, but it carries the signifi cant but rare 
risk of blindness. 

 Recurrence rates have been reported between 30 and 50 %. Risk factors for recurrence include tumor in the pterygoid 
fossa, erosion of the clivus, intracranial extension, young age, and arterial feeders from the internal carotid artery. Malignant 
transformation is exceedingly rare and has only been reported in a handful of cases [ 10 ].  

    Osteoma 

 Osteomas are benign growths of bone. They are one of the most common benign tumors of the nose and sinuses. It is 
a common incidental fi nding in many plain radiographs and CT scans [ 11 ]. Osteomas tend to occur in men in the third 
to fourth decades of life. Common locations include the frontal and ethmoid sinuses and less commonly in the sphenoid 
and maxillary sinuses. The etiology of osteomas is not well understood. The growth rate is slow, approximately at 
1.61 mm per year [ 12 ]. Osteomas can be observed in conjunction with Gardner’s syndrome. Gardner’s syndrome is a 
genetic disorder characterized by multiple polyps of the colon in association with osteomas of the skull and multiple 
soft tissue tumors. 

 Endoscopic examination of an osteoma reveals a smooth protuberance covered by normal-appearing mucosa. Grossly, 
osteomas appear as hard, white, multi-lobulated masses. Histologically, they usually have dense mature lamellar bone with 
a variable amount of interosseus space. Subtypes include ivory and mature variants. Ivory osteomas have hard dense bone 
with few fi brous components and thus require more extensive surgical drilling. Mature osteomas have cancellous bone and 
interosseous spaces. 

 Small osteomas can often go untreated. Larger and more extensive osteomas, especially with frontal or orbital 
involvement, may be symptomatic and warrant surgical excision. Obstructive osteomas can disturb mucosal fl ow and 
lead to mucocele formation, which may also warrant surgical excision. Local excision with a margin of normal bone is 
recommended. This can be performed through a variety of open approaches such as osteoplastic fl ap or Lynch proce-
dures. Endoscopic approaches are often limited for osteomas unless they are small and easily accessible with endo-
scopic instrumentation.  

   Table 29.2    Sessions classifi cation of JNA   

 Stage I  A: Tumor limited to posterior nares and/or nasopharyngeal vault 
 B: Tumor involving posterior nares and/or nasopharyngeal vault with involvement of at least 1 paranasal sinus 

 Stage II  A: Minimal lateral extension into pterygomaxillary fossa 
 B: Full occupation of pterygomaxillary fossa with or without superior erosion of orbital bones 

 Stage III  A: Erosion of skull base (middle cranial fossa/pterygoid base); minimal intracranial extension 
 B: Extensive intracranial extension with or without extension into cavernous sinus 

   Table 29.3    Fisch classifi cation of JNA   

 Stage I  Tumors limited to nasal cavity or nasopharynx with no bony destruction 
 Stage II  Tumors invading pterygomaxillary fossa, paranasal sinuses with bony destruction 
 Stage III  Tumors invading infratemporal fossa, orbital, and/or parasellar region remaining lateral to cavernous sinus 
 Stage IV  Tumors invading cavernous sinus, optic chiasmal region, and/or pituitary fossa 
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    Ossifying Fibroma and Fibrous Dysplasia 

 Ossifying fi broma and fi brous dysplasia are benign bony lesions that can occur in the noses and sinuses. Once they were 
regarded as similar entities, but Reed in 1963 differentiated these lesions [ 13 ]. Ossifying fi broma is a true benign neoplasm. 
In contrast, fi brous dysplasia is a genetically based developmental anomaly that results in replaced normal bony tissue with 
immature woven bone of variable cellularity. Histologically, fi brous dysplasia lacks a capsule and has immature bone with-
out osteoblastic activity [ 14 ]. See Table  29.4  for comparison.

   Ossifying fi bromas originate from mesenchymal blast cells. They commonly affect the mandible and maxilla, and sino-
nasal involvement is rare. There is a female predilection. Ossifying fi bromas usually present between the second and fourth 
decades. Radiographically, these lesions appear as well-circumscribed lesions with a characteristic sclerotic band (osteoblas-
tic rimming). These lesions have high signal intensity of T2-weighted MRI and enhance with gadolinium. The natural history 
of most ossifying fi bromas is to regress over time. However, surgical resection is recommended and curative for locally 
aggressive lesions. 

 Fibrous dysplasia is not a true neoplasm—it is a noninherited developmental anomaly of bone in which normal bone marrow 
is replaced by fi bro-osseous tissue. This condition was fi rst described by Lichtenstein and Jaffe in 1942 [ 15 ]. There are two 
forms of fi brous dysplasia: monostotic (single bone) and polyostotic (multiple bones). The monostotic type is the most common 
type and accounts for 70–80 % of cases [ 16 ]. This form is usually asymptomatic until the second and third decades of life. The 
polyostotic form accounts for 20–30 % of cases, and patients typically present in childhood [ 16 ]. Craniofacial and skull bone 
involvement is more common in the polyostotic form [ 17 ]. The most severe form of polyostotic fi brous dysplasia is McCune-
Albright syndrome (polyostotic lesions, endocrinopathy, precocious puberty, and café au lait spots). Radiographically, these 
lesions show ground-glass appearance. There is a heterogeneous low to intermediate signal on T1-weighted and T-2 weighted 
MRI and similar heterogeneous enhancement with gadolinium. Histologically, these lesions demonstrate a fi brocellular matrix 
of immature collagen containing irregularly shaped trabeculae of immature and inadequately mineralized bone. 

 Malignant transformation is rare, occurring only in 0.5 % of monostotic and 4 % of polyostotic forms. There is no risk of 
monostotic form transforming into the polyostotic form. The risk of malignant transformation is increased with radiation 
doses, and thus the role of radiotherapy is limited. Usually no surgical treatment is required since bone lesions do not prog-
ress beyond puberty. Follow-up radiographs every 6 months to evaluate for disease progression have been recommended. 
Surgical excision or decompression is indicated for correction of disfi guring deformities or symptomatic lesions producing 
mass effect. Radical surgery is the treatment of choice; however, the proximity of the lesion to critical structures may dictate 
a subtotal or curettage procedure to minimize functional defi cits.  

    Sinonasal (Schneiderian) Papillomas 

 This tumor is discussed in depth elsewhere in this text. Briefl y, sinonasal papillomas can be divided into three histologic 
subtypes: inverted, exophytic (fungiform), and oncocytic (cylindrical, columnar). Inverted papillomas, which account for 
approximately 62 % of all sinonasal papillomas, have an endophytic growth pattern and often originate from the lateral nasal 
wall. They are associated with a reported 5–10 % malignant transformation risk, most often squamous cell carcinoma. 
Sinonasal papillomas have been referred to by many synonyms (Schneiderian papilloma, transitional cell papilloma, and 
epithelial papilloma). Schneiderian membrane refers to the ectodermally derived ciliated respiratory mucosa that lines the 
sinonasal tract, which can give rise to morphologically distinct papillomas [ 18 ]. 

 Sinonasal papillomas are relatively uncommon tumors of the nasal cavity, representing 0.5–4 % of all primary nasal 
tumors [ 19 ], and are the most common benign sinonasal tumor. They occur with an incidence of 0.2–0.6 % per 100,000. Men 
are affected more than women (3:1). Presentation can occur at any age with a peak between the fi fth and sixth decades. It is 

   Table 29.4    Distinguishing histopathologic features between ossifying fi broma and fi brous dysplasia   

 Ossifying fi broma  Fibrous dysplasia 

 Margins/borders  Well defi ned  Poorly defi ned 
 Histology  Lamellar mature bone  Abortive bony trabeculae and woven bone with hypocellular and collagenized stroma 

 Closely packed spindle cells that form whorls 
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extremely rare for sinonasal papillomas to present in childhood. Caucasians are at increased risk statistically. Most cases are 
unilateral with no side predilection, but approximately 5 % are bilateral [ 20 ]. 

 The etiology of sinonasal papillomas is unknown, but human papilloma virus (HPV) is suggested as a frequent cofactor. 
Possible causes include allergies, chronic rhinosinusitis, airborne pollutants, and viral infection. In addition to physical 
examination, imaging may reveal erosion, expansion, and thinning of bone. The mainstay of treatment is surgical removal 
with clear margins.   

    Malignant Tumors 

 It is useful to adhere to a common staging system when discussing malignant tumors. For the maxillary sinus, nasal cavity, 
and ethmoid sinus, the American Joint Commission on Cancer system is often used at our institution (Table  29.5 ). While 
reported frequencies of sinonasal malignancies vary in the literature, squamous cell carcinoma is by far the most common 
(Table  29.6 ).

   Table 29.5    AJCC staging for maxillary, nasal, and ethmoid cancer   

  TX : The primary tumor cannot be evaluated 
  T0 : No evidence of a tumor is found 
  Tis : Carcinoma in situ 
  Primary tumor  ( T )  in the maxillary sinus  
  T1 : Tumor limited to maxillary sinus and does not erode or invade bone 
  T2 : Tumor erodes or invades bone of the hard palate and/or middle meatus 
  T3 : Tumor invades bone of the posterior maxillary sinus wall, subcutaneous tissue, fl oor or medial wall of orbit, pterygoid fossa, or ethmoid sinuses 
  T4a : Tumor invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal fossa, cribriform plate, or sphenoid/frontal sinuses 
  T4b : Tumor invades orbital apex, dura, brain, middle cranial fossa, cranial nerves other than maxillary division of trigeminal, nasopharynx, or clivus 
  Primary tumor  ( T )  in the nasal cavity and ethmoid sinus  
  T1 : Tumor limited to any one subsite, without bony invasion 
  T2 : Tumor involves two subsites or extends to involve adjacent region within the nasoethmoidal complex, with or without bony invasion 
  T3 : Tumor invades medial wall or fl oor of orbit, maxillary sinus, palate, or cribriform plate 
  T4a : Tumor invades anterior orbital contents, skin of nose or cheek, minimal extension to anterior cranial fossa, pterygoid plates, or sphenoid/

frontal sinuses 
  T4b : Tumor invades orbital apex, dura, brain, middle cranial fossa, cranial nerves other than V2, nasopharynx, or clivus 
  Node  
  NX : The regional lymph nodes cannot be evaluated 
  N0 : No lymph nodes 
  N1 : Metastasis in single ipsilateral lymph node, less than or equal to 3 cm in greatest dimension 
  N2 : Metastasis in single lymph node greater than 3 but less than or equal to 6 cm in greatest dimension, or in multiple ipsilateral lymph nodes 

less than or equal to 6 cm in greatest dimension, or in bilateral or contralateral lymph nodes, less than or equal to 6 cm in greatest dimension 
  N2a : Metastasis in single lymph node greater than 3 but less than or equal to 6 cm in greatest dimension 
  N2b : Metastases in multiple ipsilateral lymph nodes less than or equal to 6 cm in greatest dimension 
  N2c : Metastases in bilateral or contralateral lymph nodes, less than or equal to 6 cm in greatest dimension 
  N3 : Metastasis in a lymph node greater than 6 cm in greatest dimension 
  Distant metastasis  
  MX : Distant metastasis cannot be evaluated 
  M0 : No distant metastases 
  M1 : Distant metastases 

  Adapted from Edge et al. [ 103 ]. With permission from Springer, 2013  

   Table 29.6    Relative frequency of paranasal sinus malignancies           

 Squamous cell carcinoma  80 % 
 Adenoid cystic carcinoma  10 % 
 Melanoma  4 % 
 Esthesioneuroblastoma  3 % 
 Other  3 % 
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       Squamous Cell Carcinoma 

 Squamous cell carcinoma (SCCa) is the most common paranasal sinus cancer, making up 80 % of all malignancies. Histology 
typically shows varying keratinization, with sheets, ribbons, and round-to-ovoid cells. Treatment is traditionally surgery, 
with possible adjunctive radiotherapy. Primary sinonasal and paranasal sinus squamous cell carcinoma are rare tumors, but 
in contradistinction to other head and neck squamous cell malignancies, there is no etiologic link with tobacco or alcohol. 
Sinonasal SCCa (SNSCCa) tend to present at advanced stages and have a poor outcome (Fig.  29.7 ). Despite advances in 
surgery and radiation, 5-year survivals remain approximately 40 % and local recurrence is the main cause of death [ 21 – 26 ]. 
SNSCCa    are associated with exposure to wood, leather, and organic dust. SNSCCa typically present in men with a mean age 
of presentation from 50 to 60 years and account for 80–90 % of all nasal tumors. The most frequent sites of origin are the 
nasal cavities and the maxillary sinuses. TP53 mutations and p53 over expression have been found in SNSCCa cases [ 27 ]. 
Lymph node metastases, although rare on presentation, portend a much poorer prognosis. SNSCCa does not seem to have a 
premalignant precursor analogue such as carcinoma in situ found in the lower aerodigestive tract. However, some consider 
inverting papilloma to be this analogue [ 27 ].

       Adenoid Cystic Carcinoma 

 Adenoid cystic carcinoma (ACC) arises from minor salivary glands and makes up approximately 10 % of all sinonasal malig-
nancies [ 28 ]. Its particular histologic feature is perineural spread. Three forms are described: tubular, cribriform, and solid, 
in descending order of survival. Late local recurrence and distant metastases are often seen with ACC. Common presenting 
symptoms again mimic benign conditions such as sinusitis—nasal obstruction, loss of smell, and facial pressure. This benign 
presentation unfortunately often delays an immediate diagnosis. The maxillary sinus is the most common primary site, with 
the nasal cavity second in frequency. Involvement of areas proximal to the skull base such as the sphenoid sinus, the cribri-
form plate, a worse pathologic grade, and a solid histopathologic subtype portends of a poorer prognosis [ 29 – 31 ]. The crib-
riform subtype is most common and carries a better prognosis. Overall 5-year survival for patients is reported to be anywhere 
from 50 to 86 %. As with adenoid cystic carcinoma of other sites in the head and neck, late recurrences do occur in spite of 
aggressive initial surgery and adjunctive radiation therapy (Fig.  29.8 ).

       Adenocarcinoma 

 Adenocarcinoma of the nose and paranasal sinuses is rare but well characterized. Its risk factors have been extensively 
reported in the literature. Risk factors include exposure to wood dust, lacquers, and metal dust. In particular, wood dust 
exposure, as demonstrated by its prevalence in up to 86 % of ethmoidal adenocarcinoma patients in some series, carries a 
unique risk [ 32 ]. Prognosis appears related to staging, especially size, of the lesion as well as lymph nodal involvement and 
intracranial extension. The criterion standard for treatment has traditionally been surgery with radiation, which has a 5-year 

  Fig. 29.7    Squamous cell carcinoma with perineural spread in the fi fth cranial nerve       
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patient survival of 35–70 % [ 33 – 39 ]. Many studies pool different histologies when reporting effectiveness of radiation. It is 
thus diffi cult to ascertain from the literature the true effectiveness of postoperative radiation for sinonasal adenocarcinoma. 
Nevertheless, the combined therapy of surgery and radiation remains standard (Fig.  29.9 ).

       Sinonasal Neuroendocrine Tumors 

 Unfortunately, confusion in reporting and grouping of different histologies and the rarity of these tumors make interpretation 
of the literature diffi cult. Most often, esthesioneuroblastoma (olfactory neuroblastoma), sinonasal undifferentiated carcinoma, 
small-cell carcinoma, and neuroendocrine carcinoma are the histologies represented by the term “sinonasal neuroendocrine 
tumors” [ 33 ,  40 – 42 ]. Neuroendocrine neoplasms are usually classifi ed into well-differentiated, moderately differentiated, or 
poorly differentiated tumors with poorly differentiated neoplasms characterized by rapid and often fatal outcomes. 

 Olfactory neuroblastoma arises from the olfactory cells in the cribriform plate. It is the most well studied and well char-
acterized of the sinonasal neuroendocrine tumors. It comprises about 2 % of sinonasal tumors. Various terms have been 
used previously, including esthesioneuroblastoma, olfactory placode tumor, and esthesioneurocytoma. The lesion is more 
appropriately referred to as an olfactory neuroblastoma (Fig.     29.10 ) [ 41 ]. These lesions are thought to arise from sensory 
neuroepithelial olfactory cells in the upper nasal cavity (including upper septum, cribriform plate, and superior nasal con-
cha). Olfactory neuroblastoma may occur at any age but usually displays a bimodal distribution in the second and sixth 
decades of life. Curiously, anosmia is not a common complaint. The cribriform plate should be considered involved in all 
tumors to some degree. It has been morphologically described as polypoid, glistening, and red-gray in appearance. 

  Fig. 29.8    Classic cribriform pattern of cuboidal cells in a dense fi brous stroma       

  Fig. 29.9    Oncocytic adenocarcinoma: Large glands lined by cells with abundant pink cytoplasm and pleomorphic nuclei       
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Histologically, the architecture is lobular and comprised of “primitive” neuroblastoma cells. [ 41 ,  43 ] These tumors are 
often separated into four grades and are based on presence of neural stroma, mitotic fi gures, necrosis, and degree of dif-
ferentiation. Staging at our institution most often uses the Kadish system, wherein Stage A is tumor limited to the nasal 
cavity, stage B involves the nasal cavity and paranasal sinuses, and stage C extends beyond nasal cavity and sinuses [ 44 ]. 
Treatment involves surgical resection with possible postoperative radiotherapy. Survival ranges from 40 to 80 % at 5 years 
depending on grade and stage [ 41 ,  43 ,  45 – 51 ].

   Sinonasal undifferentiated carcinoma (SNUC) lacks distinguishing histologic features but are invariably aggressive. 
SNUC is rarely treated with surgery alone in that local recurrence and a poor prognosis are common. It was fi rst described 
by Frierson et al. [ 52 ]. The tumor likely arises from Schneiderian epithelium of the paranasal sinuses. Survival times are 
often less than 1 year after diagnosis. SNUC consists of small- to medium-sized polygonal cells which form nests, sheets, 
and trabeculae. This malignancy often infi ltrates and invades blood vessels which can serve as a distinguishing feature [ 53 ]. 
Virtually all SNUCs are positive for cytokeratin, and 50 % stains for neuron-specifi c enolase. Optimal management is 
unclear, with varying reports of preoperative chemoradiation following by surgery, versus initial surgery followed by various 
forms of chemoradiation [ 54 ]. 

 Small-cell neuroendocrine carcinoma (SNEC) is another aggressive tumor that carries a poor prognosis. First described by 
Raychowdhuri in 1965 [ 55 ], only a small cohort of cases have been reported since. It usually occurs in the lungs and accounts 
for about 20 % of primary lung cancer. While carcinoid tumor is considered to be a well-differentiated neuroendocrine carci-
noma, SNEC is considered to be a poorly differentiated neuroendocrine carcinoma. Its characteristic behavior encompasses 
rapid growth, early recurrence, and widespread metastases. The tumor forms sheets and is composed of medium-sized cells 
with high nuclear/cytoplasmic ratio and demonstrates synaptophysin and CD56 staining. Interestingly, it is more often found 
in the ethmoid and maxillary sinuses. Smoking has not been strongly correlated with paranasal SNEC, unlike its counterpart 
in the lung [ 56 ]. Rarity of the tumor precludes agreement for management, but various combinations of surgery, chemother-
apy, and radiation have been used. Recurrence is reported in up to 70 % of cases, with a 10 % 5-year survival [ 57 ]. 

 Although the majority of neuroendocrine carcinomas in the head and neck region occur in the larynx, they are occasional 
found in the sinonasal region [ 42 ,  58 – 60 ]. Unfortunately, their rarity and overlapping pathologic features with other sinona-
sal tumors, combined with an inconsistent classifi cation in the literature, make thorough study diffi cult [ 58 ]. Paranasal neu-
roendocrine carcinoma (NEC) accounts for about 5 % of malignancies in this anatomical area. Only case series exist in the 
literature [ 59 ]. Most patients present with advanced disease as symptoms such as epistaxis, nasal obstruction, and drainage 
mimic benign sinus disease and overlap with other conditions delaying the diagnosis. The most common sites of origin are 
the ethmoid sinuses and nasal cavity. Histologically, these tumors show dense core secretory granules and staining for syn-
aptophysin, keratin, and chromogranin. There is a high rate of locoregional failure and a not insignifi cant rate of regional 
failure (up to 25 %) making elective cervical neck treatment a consideration.  

    Melanoma 

 Mucosal melanoma is rare and accounts for less than 1 % of all melanomas (Fig.  29.11 ). Ballantyne’s clinical staging system and 
the American Joint Committee on Cancer (AJCC) system is the most frequently used at our institution. In Ballantyne’s system, 
stage I represents localized lesions, stage II represents cervical lymph node metastasis, and stage III represents distant metastasis 

  Fig. 29.10    Olfactory neuroblastoma. Clusters of small round cells in a fi brillar matrix       
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[ 61 – 64 ]. The AJCC staging system appears to be an effective predictor of outcome and has been suggested as the staging system 
of choice [ 65 ]. Surgery is the mainstay of treatment for melanoma. Radiation likely increases locoregional control, but has not 
improved survival. The 5-year survival of mucosal melanoma remains frustratingly low, ranging from 20 to 35 % in the reported 
literature [ 63 ,  64 ,  66 – 69 ]. At presentation, 26 % of nasal mucosal melanomas have local lymphadenopathy.

   Sinonasal melanoma tends to present less frequently with locoregional disease than oral melanoma, but prognosis is gen-
erally comparable. The most common areas of origination are the septum and lateral nasal wall. Treatment consists of com-
plete tumor excision. Over 50 % of patients who achieve local control with surgery will ultimately develop distant metastases, 
which is an important point to consider when contemplating radical surgery to clear the primary site [ 69 ]. Achievement of 
negative surgical margins likely increases local control, but overall survival is negatively impacted by the frequency of dis-
tant metastases. Adjunctive radiation seems to decrease locoregional recurrence without benefi ting overall survival. The MD 
Anderson group reports improved locoregional control when a total dose of 54 Gy was used in their retrospective series [ 65 ].  

    Nasopharyngeal Carcinoma 

 Although not a nasal or paranasal tumor in the anatomic sense, nasopharyngeal carcinoma (NPC) presents in similar fashion 
and must be included in the differential diagnosis of paranasal sinus symptoms. It is common among southern Chinese and is 
associated with the Epstein-Barr virus [ 70 ]. Testing of Epstein-Barr nuclear antigen and antibodies is incorporated into the 
workup for possible nasopharyngeal cancer and its surveillance in many centers. The World Health Organization classifi cation 
lists three types of NPC: Type I is keratinizing squamous cell carcinoma, Type IIa is nonkeratinizing squamous cell carcinoma, 
and Type IIb is undifferentiated carcinoma. NPC is a squamous cell carcinoma arising in the nasopharynx. In addition to com-
mon symptoms such as epistaxis and nasal obstruction, the proximity to the Eustachian tubes of the usual primary sites such 
as the pharyngeal recess and fossae of Rosenmuller can cause serous otitis with hearing loss and even tinnitus. Furthermore, 
neck metastases are common presenting symptoms. Advanced cases eroding into the skull base can cause cranial neuropathies 
such as trigeminal, abducens, hypoglossal, or oculomotor nerve palsies [ 71 ,  72 ]. The mainstay of treatment remains primary 
radiotherapy, although chemotherapy may confer some survival benefi t. Recurrent disease of the nasopharynx is treated with 
re-irradiation, surgery, or palliative measures. Recurrent neck disease is most often salvaged by radical neck dissection. Overall 
survival varies depending upon the AJCC staging but ranges from less than 10 % with metastatic disease, 40 % for locally 
advanced disease, and upward of 85–90 % for small-burden tumors confi ned to the nasopharynx [ 70 ,  72 ,  73 ]. The AJCC stag-
ing system is outlined in Table  29.7 .

       Sarcoma 

 Sarcomas make up a very small subset of tumors of the paranasal sinuses. Sarcomas form from aberrant proliferation of the mesen-
chymal tissues and are classifi ed in accordance with the tissue of origin. Sarcomas overall form a small component of all malignancies, 

  Fig. 29.11    Sinonasal melanoma. Sheets of spindle cells with large nuclei. Pigmentation is typically absent in sinonasal melanoma       
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about 1 %. About 15–20 % of sarcomas are found in the head and neck. Of this portion, only a fraction are found in the paranasal 
sinuses. The majority of head and neck sarcomas are seen in adults, nearly 80 %, while the remainder are seen in children. 

 Risk factors for sarcoma in the head and neck do not overlap excessively with the general sarcoma risk. Interestingly, 
tobacco and alcohol use do not portend an increased risk. Some sarcomas may be related to radiation or other environmental 
exposure, while others may have a genetic component. 

 Generally, sarcomas of the paranasal sinuses occur as localized disease and are discovered at a very late stage. A small 
proportion of these tumors may contain regional metastasis, and distant metastasis is rare in the absence of regional or nodal 
metastasis. See Table  29.8  for staging of sarcomas of the head and neck.

   The evaluation of sarcomas of the paranasal sinuses includes imaging. CT is excellent for identifying bony structure, bony 
invasion, or calcifi c changes in sarcomas. For evaluation of soft tissue features, MRI is the modality of choice. MRI is espe-
cially useful to evaluate intracranial involvement. The use of both CT and MRI may be necessary to fully elucidate the 
characteristics of the tumor [ 74 – 76 ]. 

 Treatment consists of complete resection. This often involves extensive craniofacial resections in that the most common 
reason for treatment failure is local recurrence. Treatment failure or recurrence is often addressed with repeat resection, 
radiation and/or chemotherapy, or a combination of the three [ 76 ,  77 ]. 

 A few subsets of paranasal sinus sarcomas will be discussed below.  

    Osteosarcoma 

 Osteosarcoma is the most common bone sarcoma in the head and neck and comprises nearly 5 % of all head and neck tumors. 
Within the head and neck, the paranasal sinuses are the third most common location for osteosarcoma after the mandible and 
the maxilla. Several case series show that nearly one third of sarcomas in the paranasal sinuses are osteosarcomas, one third 
are chondrosarcomas, and one third are fi brosarcoma or other soft tissue sarcomas [ 78 ]. Osteosarcoma occurs most com-
monly in middle-aged males, and it is postulated to be related to retinoblastoma, history of prior radiation, and Paget’s dis-
ease and other genetic disorders. 

 Diagnosis can be made with CT scan. Alkaline phosphatase may be elevated in as many as 50 % of patients with osteo-
sarcoma. Biopsy is the gold standard for diagnosis [ 79 ]. 

 As with other soft tissue sarcomas, surgical excision is the treatment of choice. Nodal metastases are rare and usually 
represent tumor extension rather than true lymphatic spread. In selected cases, adjuvant radiation plus or minus chemother-
apy can increase survival in some patients [ 80 ].  

   Table 29.7    AJCC staging for nasopharyngeal cancer   

  Primary tumor  ( T ) 
 Tx: Primary tumor cannot be assessed 
 T0: No evidence of primary tumor 
 Tis: Carcinoma in situ 
 T1: Tumor confi ned to the nasopharynx or extending to oropharynx and/or nasal cavity without parapharyngeal extension 
 T2: Tumor with parapharyngeal extension 
 T3: Tumor involves bony structures of skull base and/or paranasal sinuses 
 T4: Tumor with intracranial extension and/or involvement of cranial nerves, hypopharynx, orbit, or with extension to the infratemporal fossa/

masticator space 
  Lymph nodes  ( N ) 
 Nx: Regional lymph cannot be assessed 
 N0: No regional lymph node metastases 
 N1: Unilateral metastasis in cervical lymph node(s), less than or equal to 6 cm in greatest dimension, above the supraclavicular fossa, and/or 

unilateral or bilateral, retropharyngeal lymph nodes, less than or equal to 6 cm in greatest dimension 
 N2: Bilateral metastasis in cervical lymph node(s), less than or equal to 6 cm in greatest dimension, above the supraclavicular fossa 
 N3: Metastasis in a lymph node(s) greater than 6 cm and/or to supraclavicular fossa 
 N3a: >6 cm in greatest dimension 
 N3b: Extension to the supraclavicular fossa 
  Metastasis  ( M ) 
 M0: No distant metastasis 
 M1: Distant metastasis 

  Adapted from Edge et al. [ 103 ]. With permission from Springer, 2013  
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    Chondrosarcoma 

 Chondrosarcomas are the second most common tumors of bone after osteosarcoma. Chondrosarcomas of the head and neck 
are rare. Chondrosarcoma in the paranasal sinuses is extremely uncommon. Risks for chondrosarcoma are similar to those 
for osteosarcoma and include genetic factors, irradiation, and industrial exposures. 

 Chondrosarcomas have several distinct characteristics. They commonly contain calcifi cations, which can assist in the diag-
nosis with CT imaging. The characteristic pattern on CT is described as sunray spiculation. In general, benign chondromas are 
less than 3 cm in size, and chondrosarcomas are greater than 3 cm. On microscopic examination chondrosarcoma frequently 
shows a cellular matrix of hyaline cartilage with irregular nuclei arranged in groups of cells called chondroids [ 81 ]. 

 As with other sarcomas, surgical resection is the treatment of choice. Regional and local metastases are uncommon and 
neck dissection is not indicated due to this low rate of nodal spread. Recurrence is seen in up to 50 % of patients. In the 
paranasal sinuses, chondrosarcoma is associated with a much poorer prognosis. Radiation or chemotherapy is generally not 
indicated as chondrosarcomas are considered resistant to such adjuvant therapies [ 81 ].  

    Synovial Sarcoma 

 Despite the name of this tumor, synovial sarcoma does not arise from synovial tissues but from pluripotent mesenchymal cells. 
Synovial sarcomas represent less than 10 % of head and neck tumors and an even smaller subset of tumors in the paranasal 
sinuses. They are most common in young adulthood between the ages of 20 and 40 and are more common in men than women. 

 Grossly, the lesions are usually fi rm, white masses but may be cystic or mucoid as well. MRI is a valuable tool to evaluate 
these tumors, and calcifi cations may suggest the diagnosis. Histologically, the mesenchymal cells that generate these tumors 
form two cell components: an epithelioid cell component and a spindle cell component. There are three subsets of synovial 
sarcoma: biphasic or containing both cellular components, monophasic, and a poorly differentiated type [ 82 ]. There has been 
shown to be a genetic component to these tumors involving a translocation between chromosome 18 and X, t(X;18)
(p11.2;q11.2) which can confi rm the diagnosis [ 83 ]. 

 Primary tumor 
  Tx – Primary tumor cannot be assessed 
  T0 – No evidence of primary tumor 
  T1 – Tumor less than 5 cm in greatest dimension (T1a, superfi cial; T1b, deep) 
  T2 – Tumor greater than 5 cm in greatest dimension (T2a, superfi cial; T2b, deep) 
 Regional lymph nodes 
  Nx – Lymph nodes cannot be assessed 
  N0 – No lymph nodes metastases 
  N1 – Lymph nodes metastases present 
 Distant metastases 
  Mx – Distant metastases cannot be assessed 
  M0 – No distant metastases 
  M1 – Distant metastases present 
 Histopathologic grade 
  Gx – Grade cannot be assessed 
  G1 – Well differentiated 
  G2 – Moderately differentiated 
  G3 – Poorly differentiated 
  G4 – Undifferentiated 
 Combined 
  IA (G1-2, T1a-b, N0, M0) – Low-grade, small, and superfi cial or deep tumor 
  IB (G1-2, T2a, N0, M0) – Low-grade, large, and superfi cial tumor 
  IIA (G1-2, T2b, N0, M0) – Low-grade, large, and deep tumor 
  IIB (G3-4, T1a-b, N0, M0) – High- grade, small, and superfi cial or deep tumor 
  IIC (G3-4, T2a, N0, M0) – High-grade, large, and superfi cial tumor 
  III (G3-4, T2b, N0, M0) – High-grade, large, and deep tumor 
  IV (any G, any T, N1, M0) – Any metastasis 

  Table 29.8    Staging of head and 
neck sarcoma  
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 All synovial sarcomas have been classifi ed as high-grade malignancies by the AJCC. Regional metastases are rare, but 
distant metastases occur in up to 50 % of cases, most commonly to the lungs. Distant metastases signifi es poor prognosis. 

 Without evidence of palpable nodes, neck dissection is not indicated [ 84 ]. Surgical excision is the mainstay of treatment 
with postoperative radiation therapy. Local recurrence rates are signifi cantly decreased with the addition of postoperative 
radiation therapy.  

    Glomangiopericytoma 

 Glomangiopericytoma (hemangiopericytoma) is a rare but interesting vascular tumor that arises from the pericytes of 
Zimmerman (Fig.  29.12 ). Pericytes are mesenchymally derived cells whose function is unclear. They exist around capillaries 
and may function in regulating the capacitance of these vessels. Fifteen to fi fty percent of these tumors arise in the head and 
neck, and the majority of these are found in the sinonasal tract and the paranasal sinuses. Ninety percent of these tumors are 
found in those aged 50–70 [ 85 ].

   Physical exam usually shows polypoid growths in the nasal cavity. These are often confused for benign polyps, and 
only after episodes of bleeding is further workup performed. Microscopic examination shows nests of tightly packed 
cell surrounding capillaries. Immunohistochemical staining can confi rm the diagnosis. Positive staining for vimentin 
is common [ 86 ]. 

 As with other sarcomas, complete surgical excision is the treatment of choice. This is typically accomplished by the endo-
nasal endoscopic approach. Compared with other sarcomas of the paranasal sinuses, there is an improved prognosis. Regional 
and distant metastases are rare. Radiation and chemotherapy are rarely used postoperatively.   

    Lymphoreticular Malignancies 

    Lymphoma 

 Primary lymphoma of the paranasal sinuses is poorly understood. Non-Hodgkin’s lymphoma can be found in the paranasal 
sinuses and presents nonspecifi cally with nasal obstruction, rhinorrhea, and epistaxis. Once the diagnosis has been made, 
standard chemoradiation therapy is the treatment of choice. T-cell/natural killer-cell lymphoma is a much more aggressive 
tumor that frequently includes destructive bony and soft tissue growth, severe epistaxis, and obstructive symptoms. Several 
reports in the literature support a link with the Epstein-Barr virus, and similar to nasopharyngeal carcinoma, it is more com-
mon in Asia. Treatment is with radiation therapy, plus or minus chemotherapy. Prognosis for these patients, is regrettably, 
very poor [ 77 ,  87 ].  

  Fig. 29.12    Glomangiopericytoma. Sheets of spindle cells with irregular, stellate vessels       
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    Plasmacytoma 

 Plasmacytomas are rare malignant neoplasms derived from plasma cells. Plasmacytoma shows a predilection for the upper respi-
ratory tract, chiefl y the paranasal sinuses and the nasal cavity. Although plasmacytoma only makes up 1 % of head and neck 
tumors, they are particularly problematic. Up to 80–90 % of extramedullary plasmacytomas develop in the mucosa- associated 
lymphoid tissue of the upper aerodigestive tract with 75 % arising from the plasma cells of nasal and paranasal sinus tissue [ 88 ]. 

 There is a male predominance for plasmacytoma, and most are seen during the fi fth and sixth decades of life. They present 
as nasal masses that can masquerade as nasal polyps. Diagnosis requires fi rst a biopsy. In order to confi rm extramedullary 
plasmacytoma, laboratory examination including immunohistochemistry, serum protein electrophoresis, and urinalysis for 
Bence-Jones proteins must be done to exclude systemic disease such as multiple myeloma. 

 Radiation therapy is the treatment of choice for plasmacytoma. However, surgical excision is often required for tumors 
that extend out of the confi nes of the paranasal sinuses and invade bony structures, intracranial or orbital contents. In cases 
of metastatic disease, chemotherapy, with or without radiation therapy, has shown some benefi t. Five-year survival for this 
disease ranges from 30 to 80 %, depending on the severity of the disease [ 89 ].   

    Metastases 

 Metastases to the nose and paranasal sinuses are rare but have been reported to occur in several histologies, including breast 
cancer, prostate cancer, renal cell carcinoma, and rectal adenocarcinoma [ 90 – 94 ].  

    Surgery of the Nose and Paranasal Sinuses in Tumor Therapy 

 It is useful to think of nose and paranasal sinus surgery in terms of external incision, bony cuts, and cranial vault. In this 
fashion, different external incisions can be used or combined to access the underlying bone. For example, a lateral rhinotomy 
incision and a midface degloving approach both give comparable access for maxillectomy. The choice relies on the comfort 
and experience of the surgeon. At our institution, expanded endonasal surgery is not considered a “competing” approach, but 
rather another method of tumor removal. In fact, it is often an adjunct to our open approaches (or vice versa!), as we often 
insert an endoscope to magnify and illuminate areas diffi cult to visualize with purely a headlight and loupes. Recent papers 
have described comparable tumor control rates when using either endoscopic approaches or open approaches for paranasal 
sinus tumor surgery [ 95 – 99 ]. The illumination and magnifi cation provided by rigid endoscopy are superior to that afforded 
by low-power loupe magnifi cation with headlight illumination. In-depth delineation of surgical techniques is beyond the 
scope of this chapter, but a brief discussion will be undertaken (Fig.  29.13a ,  b ).

   Exposure for resection of the maxilla can be achieved via a lateral rhinotomy or midface degloving approach. Tumors 
extending posteriorly into the infratemporal fossa can be surgically extirpated via an infratemporal fossa approach, which 
involves various incisions on the lateral aspect of the face, with inferior refl ection of the temporalis muscle. Should the tumor 
extend into the cavernous sinus or middle cranial fossa, a temporal craniotomy can be added to the infratemporal fossa 
approach to achieve the middle cranial fossa-infratemporal fossa approach. Tumors involving the high nasal vault, and those 
involving the anterior cranial fossa, are easily accessed with craniofacial incisions, which typically involve a bicoronal inci-
sion (Fig.  29.14 ) combined with midface degloving or lateral rhinotomy.

   Endoscopic approaches represent exciting contemporary techniques for minimal incision, with maximal resection, of 
intranasal and sinus tumors. Previous work has acknowledged that the concept of “piecemeal” resection of paranasal sinus 
tumors is a valid alternative to the traditional “en bloc” concept of tumor resection [ 100 ]. Essentially, expanded endonasal 
approaches consist of debulking of intranasal tumor down to their skull base, sinus, or septal attachments and then resecting 
the base of tumor under endoscopic visualization, in effect a “piecemeal” resection. Negative margins are still the ultimate 
goal which promotes similar oncologic principles when compared with traditional open craniofacial surgery. 

 Reconstruction of paranasal sinus tumor ablation must balance the need for continued surveillance of the defect with 
adequate soft tissue and skull base coverage to separate any communication between the intracranial contents and paranasal 
sinuses. Given the sensitivity of MRI and PET/CT detection of cancer recurrence, our particular institution has favored 
immediate reconstruction of defects such as radical maxillectomy with free fl aps (Fig.  29.15 ), in contrast to simply skin 
grafting the orbital defect. Endoscopic resections may create defects of the anterior cranial fossa. Various reconstructive 
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a b

  Fig. 29.13    ( a ) Lateral rhinotomy intraoperative photo. ( b ) Lateral rhinotomy, postoperative appearance (Reprinted from Donald [ 102 ]. With 
permission from Lippincott Williams and Wilkins)       

  Fig. 29.14    Bicoronal incision 
allows anterior-inferior 
refl ection of the forehead skin/
muscle complex for generous 
exposure of the anterior cranial 
vault, with extension into the 
upper orbit if necessary       

techniques have been used, including cadaveric tissue, autogenous fascia, and free mucosal grafts. Our preference has been 
to use the vascularized nasoseptal fl ap when possible, as reported rates of cerebrospinal fl uid leakage following this type of 
repair appear lower. However, the undeniable utility of other reconstructive techniques must be recognized [ 101 ].
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       Conclusion 

 Thorough evaluation and imaging of a patient with suspected sinonasal neoplasm are important in the workup of prolonged 
nasal symptoms. Myriad pathologies, both benign and malignant, exist. Unfortunately, the prognosis for many sinonasal 
malignancies remains frustratingly poor. Nevertheless, improved instrumentation and maintenance of similar oncologic 
principles have allowed an expansion of indications for endoscopic approaches. These endoscopic approaches should com-
plement, but not necessarily replace, traditional open craniofacial approaches.     
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    Chapter 30   
 The Paranasal Sinuses in Facial Trauma 

             Carmine     Taglialatela Scafati       and     Salvatore     Taglialatela Scafati     

           Introduction 

 Paranasal sinuses are pneumatic cavities located in the craniofacial skeleton and are often involved in trauma of the superior 
and middle thirds of the face. Paranasal sinuses can be considered as chambers protecting the brain from direct injury. 
Trauma-associated forces that are greater than paranasal sinus resistance can still lead to brain injury [ 1 ] (Fig.  30.1 ).

       Epidemiology 

 Distribution of facial trauma varies according to the geographic area. In modern societies motor vehicle accidents and 
assaults prevail, while in less developed countries, injuries associated with rural activities are more frequent [ 2 – 7 ] (Fig.  30.2 ). 
Facial trauma is more common in males. The male to female ratio is variable, ranging from 11:1 in some cases to 2:1 [ 8 – 11 ] 
(Fig.  30.3 ). The most common age for facial trauma ranges from 20 to 30 years [ 6 ,  7 ] (Fig.  30.4 ). In recent times, despite the 
introduction of systematic speed control, obligatory airbag and helmet use, and more strict alcohol control measures, the 
incidence of traffi c accidents has increased. This can be attributable to the increased number of motor vehicles in various 
sections of the globe. The decreased mortality due to the improvements in emergency and resuscitation medicine has led to 
an increased incidence of morbidity related to facial trauma requiring treatment. High-energy injuries leading to complex 
and multiple traumatic lesions have also increased [ 12 – 14 ] (Fig.  30.5 ). Alcohol and drug abuse further increase the incidence 
of traffi c-related and assault-related injuries among the young population [ 15 – 20 ].

          Anatomy and Pathophysiology 

 Paranasal sinuses are surrounded by a protective framework of bone buttresses which absorb and transmit traumatic forces 
directed to the facial skeleton. There are six vertical buttresses and three horizontal [ 21 ,  22 ] (Fig.  30.6 ). Vertical buttresses 
are from medial to lateral: nasomaxillary, zygomaticomaxillary, and pterygomaxillary. The nasomaxillary buttress starts 
from the frontonasal union and goes downward along the medial orbital wall reaching the canine fossa and the piriform 
aperture where it joins the contralateral buttress. The zygomaticomaxillary buttress starts at the frontozygomatic union, pass-
ing along the lateral orbital wall and reaching the maxilla.
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Frontal sinuses

Ethmoidal sinuses

Sphenoidal sinuses

Maxillary sinuses

  Fig. 30.1    Paranasal sinuses: frontal and lateral view. Frontal ( green ), ethmoid ( brown ), sphenoid ( purple ) and maxillary ( red ) sinuses are shown       
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   Posteriorly, the pterygomaxillary buttress goes from the skull base to the tuber maxillae and pterygoid process. Horizontal 
buttresses are from superior to inferior and include the frontal bar, infraorbital/nasal bones, and hard palate/maxillary 
alveolus. 

 In 1901 Le Fort classifi ed midface fractures analyzing the “lines of weakness” of the facial skeleton. A Le Fort I fracture 
passes across the inferior margin of the piriform aperture, running below the nasal cavity and going to pterygoid plate. It may 
be unilateral or bilateral. The fracture leads to a complete detachment of the inferior part of the maxilla from the midface. 
The detached fragment includes the maxillary alveolar processes, the palate, and part of the pterygoid process. Direct trauma 
to the nasoalveolar region is usually responsible for this kind of fractures (Fig.  30.7 ).

   A Le Fort II fracture originates at the nasal root and passes the nasal bone, the lacrimal bone, the orbital fl oor, and across 
the upper portion of the maxillary sinus and reaches the pterygopalatine fossa. This fracture is usually the result of a direct 
trauma to the area between the root of the nose and the upper lip (Fig.  30.8 ).
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  Fig. 30.4    Age distribution of patients with 
maxillofacial fractures       
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  Fig. 30.5    Concomitant corporeal lesion in patients with 
maxillofacial fractures       
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   A Le Fort III fracture starts at the nasal root and extends across the nasofrontal union, passes along the medial orbital wall, 
the inferior orbital fi ssure, and the frontozygomatic union to reach the pterygopalatine fossa posteriorly. The fracture involves 
the zygomatic arch. When it is bilateral, a Le Fort III fracture results in “craniofacial disjunction” with backward dislocation 
of the middle third of the face (Fig.  30.9 ).

   Other classifi cations have been described, dividing palatal fractures into sagittal and parasagittal forms [ 14 ,  23 ]. Although 
Le Fort classifi cation is still the most useful and employed system, high-energy injuries can produce more complex lesions 
which do not always respect the classic Le Fort fracture lines. For these reasons other criteria for classifi cation have been 
introduced taking into consideration the subunits composing the midface [ 15 – 18 ,  24 ,  25 ]. According to the structures 

Vertical buttresses
Nasomaxillary buttress

Zygomaticomaxillary buttress

Pterygomaxillary buttress

Orizontal buttresses

Frontal bar

Infraorbital/nasal bones

Hard palate/maxillary alveolus

  Fig. 30.6    Vertical and 
horizontal buttresses       

  Fig. 30.7    Le Fort I fracture       
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involved, several subunits can be recognized such as the zygomaticomaxillary complex (ZMC), the nasoorbitoethmoidal 
complex (NOE), and the dentoalveolar complex (DAC). This classifi cation describes more closely the bone structures 
involved and can be of great help by improving communication between radiologists and surgeons [ 18 ,  26 ] (Fig.  30.10 ). 
Detection of facial fractures is straightforward. CT scan with 3D imaging allows visualization of the most complex facial 
injuries and helps the surgeon during surgical planning [ 27 ] (Fig.  30.11 ).

  Fig. 30.8    Le Fort II fracture       

  Fig. 30.9    Le Fort III fracture       
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    Injury to the paranasal sinuses can be direct or indirect. Direct lesions are produced when the fracture occurs in the 
point where traumatic forces act. Indirect injuries occur in a distinct site, often contiguous to the point on which trau-
matic forces act. An example is the blow-out fracture of the orbital fl oor related to a high-energy trauma of the eyeball, 
with a sudden increase of orbital cavity pressure, causing a fracture of the orbital fl oor into the maxillary sinus 
(Fig.  30.12 ).

Zigomaticomaxillary complex

Nasoorbitoethmoidal complex

Dentoalveolar complex

  Fig. 30.10    Anatomical subunits 
of the midface       

  Fig. 30.11    CT scan. Complex midface trauma: dentoalveolar 
fractures and bilateral Le Fort I and II fractures.  Left side : 
monolateral Le Fort III fracture. Involvement of ethmoidal 
sinus       
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       Maxillary Sinus Trauma 

 Among paranasal sinuses, the maxillary sinuses are the most commonly involved in midface trauma [ 28 ] (Fig.  30.13 ). Lesions 
of maxillary sinuses are associated with Le Fort I and Le Fort II fractures and ZMC fractures and range from simple disruption 
of the sinus wall to more complex lesions with comminution of bone fragments (Fig.  30.14 ). An isolated lesion of the maxillary 
sinuses can be associated with blow-out fractures or with iatrogenic injury, such as seen with an oroantral fi stula, displaced 
dental implants or after endoscopic surgical procedures [ 29 ]. Posttraumatic communication with the oral cavity may result in 
the formation of oroantral fi stulae which, when misdiagnosed, can be responsible for maxillary sinus infections (Fig.  30.15 ).

     The blow-out fracture corresponds to a fracture of the superior sinus wall. It is due to direct traumatic forces acting on the eye-
ball so that the pressure in the orbital cavity leads to fracture of the thin inferior orbital wall. The mechanism may be interpreted as 
an evolutionary barrier protecting the eye from rupture. Complete dislocation of the eyeball into the maxillary cavity is also pos-
sible [ 30 ]. Diplopia is a common symptom of blow-out fractures and is due to entrapment of the inferior rectus and/or oblique 
muscle. Most commonly, it is the periorbital fat in blow-out fractures that herniates (Fig.  30.16 ) with subsequent enophthalmos.

       Frontal Sinus Trauma 

 Fractures of the frontal sinus are of particular concern because of the close relationships that this structure has with the brain. 
Injury to the frontal sinus can be complicated by the formation of a dural tear, cerebrospinal fl uid (CSF) leakage, and sup-
purative complications. The frontal sinus, along with the ethmoidal and the sphenoidal sinuses, is found between the brain 

  Fig. 30.12    One of the most 
common injuries leading to 
blow-out fracture       
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  Fig. 30.14    CT scan: comminuted fractures of ethmoidal and 
frontal sinuses with sinus hematoma       

  Fig. 30.15    CT scan: maxillary empyema following tooth 
extraction. Presence of oroantral fi stula, with pus going toward 
the nasal fossa and the orbit       

  Fig. 30.16    CT scan: blow-out fracture ( right ) with periorbital 
fat herniation into the maxillary sinus       
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and the external environment. In the case of injury, trauma to the frontal sinuses can predispose a patient to brain infection 
with or without abscess formation [ 31 ]. The types of frontal sinus fractures are listed in Table  30.1 .

   Frontal sinus fractures can be comminuted or simple, displaced or nondisplaced. More complex injuries can involve the 
skull base, the sphenoidal sinus, and the NOE complex, with severe clinical implications [ 32 ,  33 ] (Fig.  30.17 ).

   Posterior wall fractures occur when the strength of the traumatic forces overcomes the resistance of the anterior wall of 
the frontal sinus. Posterior wall fractures can lead to CSF leakage and suppurative complications (Fig.  30.18 ). Prognosis can 
be worsened when the nasofrontal ducts are obstructed, blocking sinus secretion drainage. CSF leakage is typical of posterior 
wall fractures, due to both the involvement of the dura mater and the cribriform plate of the ethmoid. Late complications 
include mucocele formation, with subsequent infection which can spread to the orbit or to the brain causing life-threatening 
conditions including meningoencephalitis [ 34 ,  35 ] (Fig.  30.19 ).

        Ethmoidal Sinus Trauma 

 Isolated fractures of the ethmoidal sinus are rare, while ethmoidal structures are often affected in injuries to the NOE com-
plex and the frontal sinus. The superior wall of the ethmoid bone is called the cribriform plate. It contains several olfactory 
nerve fi laments passing through small foramina and reaching then the nasal mucosa. The cribriform plate is very thin and 
susceptible to traumatic injury. Injury to the cribriform plate can expose the dura mater and can lead to suppurative complica-
tions. Injuries of the NOE complex can also extend to the middle cranial fossa affecting the sphenoidal sinus. Hyposmia and 

   Table 30.1    Anatomical    classifi cation of frontal sinus fractures         

 Frontal sinus fractures can be anatomically classifi ed as: 
  Fractures of the anterior wall 
  Fractures involving the anterior and the posterior walls 
  Fractures of the orbital roof, with or without involvement of the orbital rim 
  Fracture with or without involvement of nasofrontal duct 

  Fig. 30.17    CT scan: frontal sinus fracture with involvement of ethmoidal and sphenoidal sinuses, nasal fossa and maxillary sinuses. Presence of 
sinus hematoma and pneumocephalus       
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anosmia can occur following NOE complex injury and are attributable to the damage of the olfactory nerve fi laments passing 
through the cribriform plate [ 36 ]. 

 The lacrimal system can be also affected in nasoethmoidal fractures because of the close anatomical relationship existing 
between them. Following injury, the nasolacrimal duct can become obstructed as a result of infl ammation of the nasolacrimal 
sac (dacryocystitis) [ 37 ]. Other commonly associated injuries include damage to canthal tendons, the levator palpebrae supe-
rioris muscle, as well as orbital wall fractures [ 38 ]. 

 Maxillofacial injuries affecting the NOE complex are often a result of high-energy impact at the level of nasoglabellar 
area, as frequently happens in crush injuries where the driver’s head hits the steering wheel or the dashboard (Fig.  30.20 ). 
Fracture of the ethmoid bone can also be associated with Le Fort II and Le Fort III fractures, in which the fracture line passes 
through the root of the nose. Isolated fracture of the lateral wall of the ethmoidal sinus is rare [ 39 ], and it is usually secondary 

  Fig. 30.18    CT scan: maxillary sinus posterior and anterior 
wall fracture, with sinus hematoma and pneumocephalus       

  Fig. 30.19    CT scan: posttraumatic mucocele of the frontal 
sinus invading the ethmoid bone and the orbital cavity       
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to a blow-out fracture because the lateral wall of the ethmoid is very fragile and is part of the medial orbital wall. Dislocation 
of the orbital content into ethmoidal cells with muscle incarceration is frequent with these injuries (Fig.  30.21 ).

        Sphenoidal Sinus Trauma 

 The sphenoidal sinus is well protected from external injuries, being located between the neurocranium and splanchnocranium. 
Lesions affecting the sphenoidal sinus are normally associated with complex craniofacial injuries. They are challenging due 
to potential vascular complications resulting from the proximity of the internal carotid arteries and the cavernous sinus. Other 
complications of sphenoidal injury include frequent CSF leakage due to close proximity to the cerebellomedullary cistern. 
Concomitant damage to optic and oculomotor nerves passing through the cavernous sinus has been described [ 40 ].  

    Diagnosis 

 Patients with facial trauma often present to the emergency room exhibiting multiple lesions involving the brain, spine, limbs, chest, 
and abdomen. Facial injuries present with facial swelling, bruising, and epistaxis. When paranasal sinuses are affected, subcutane-
ous emphysema is commonly present. Moreover, the eyelids are usually closed due to a conjunctival hematoma. 

  Fig. 30.20    One of the mechanisms leading to NOE injury       

  Fig. 30.21    CT scan: medial blow-out fracture ( right ) with 
medial rectus muscle incarceration       
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 All this makes clinical examination diffi cult (Fig.  30.22 ). In other circumstances facial fractures are associated with soft- 
tissue defects (Fig.  30.23 ). Swelling can be barely visible in some circumstances. A clinical sign that is highly suspicious for 
upper/lower jaw fracture is malocclusion. When there is involvement of the glabellar area such as in the case of Le Fort II, 
Le Fort III, and NOE complex fractures, the bruising extends symmetrically on both orbital sides forming the so-called 
panda eyes (Fig.  30.24 ).

     When the trauma is blunt, swelling can be minimal, as in the case where a patient is elbowed in his cheek bone. Asymmetry 
of the face can be the only sign of such an injury and usually indicates a zygomatic fracture. In nasoethmoidal fractures, a 
depression in the glabellar region can be present leading to the “pig snout” deformity attributable to the pushback of the 
nasoglabellar region toward the ethmoid bone (Fig.  30.25 ).

  Fig. 30.22    Panfacial trauma (at 12 h)       

  Fig. 30.23    Panfacial trauma with extended soft-tissue defect       
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   CSF leakage is representative of NOE injuries complicated by dural tear formation. CSF leakage of fl uid from the nose is 
often mixed with blood and can be diffi cult to distinguish. A simple method is to collect the secretion on a gauze pad. In the 
case of a CSF leakage, a lighter halo surrounding the dark blood stain will be visible (Fig.  30.26 ); otherwise the sample can 
be sent to the laboratory for appropriate testing.

   In blow-out fractures a downward dislocation of the orbital contents can be observed. This type of injury can be 
responsible for enophthalmos. The sign is usually visible when early postoperative swelling decreases after a few 
days [ 41 ] (Fig.  30.27 ). Another characteristic sign of blow-out fractures is diplopia, attributable to muscle entrapment 
in the orbital floor fracture. The eyeball, being muscle incarcerated, cannot move simultaneously and symmetrically 
with the contralateral eyeball. The inferior rectus is the most commonly involved muscle defining vertical diplopia 
(Fig.  30.28 ).

  Fig. 30.24    Le Fort II fractures with “panda eyes”       

  Fig. 30.25    “Pig snout” deformity following trauma of the NOE       
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    In a medial orbital wall fracture, the medial rectus muscle is incarcerated thus generating horizontal diplopia. Motor defi -
cits of the eyeball can be also generated by facial trauma that involves a central and/or peripheral lesion of the cranial nerves 
III, IV, and VI. 

 The forced duction test is useful in determining whether the absence of eye movement is due to a neurological disorder 
or a mechanical restriction. The inferior conjunctiva is anesthetized with drops, grasped with forceps, and retracted. The 
patient is asked to move the eye in the direction where the movement is supposed to be restricted. If the restriction is neuro-
logical, the eyeball will move according to the traction; if the eyeball does not move according to the traction, the restriction 
is mechanical as seen in the case of muscle incarceration. 

 Exploration of the oral cavity is essential to control the occlusion and verify the integrity of the dentoalveolar system 
(Fig.  30.29 ). Open-bite deformity is generally present in Le Fort fractures and is due to the dislocation of the maxillary bone 
that slides backward as a wedge between the skull base and the inferior dental arch. The displacement is responsible for 
premature posterior occlusal contacts between molars (Fig.  30.30 ). In maxillary sagittal fracture, a diastema (a gap between 
two teeth) can be noted along with lacerations of the gingiva (Fig.  30.31 ).

     Subjective symptoms are of great importance in midface trauma. Lesions of the superior and anterior wall of the 
maxillary sinus are associated with hypoesthesia of the upper lip and dental arch. In blow-out fractures, the infraorbital 
nerve passing through the sinus can be compressed or irritated. Blood can recollect into the maxillary sinus (hema-
toma) and pass into the mouth causing discomfort to the patient. Other subjective symptoms include diffi culties in 
chewing and swallowing. 

  Fig. 30.26    The double halo sign, with CSF surrounding the blood stain       

  Fig. 30.27    Enophthalmus following blow-out fracture ( left )       
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 Extraoral palpation includes examination of facial contour to evaluate the presence of bone irregularities, crackling, and 
subcutaneous emphysema. Maxillary stability can be evaluated by grasping the premaxilla and the incisive teeth between the 
fi rst and the second fi nger. If the maxilla is mobile because of a fracture, bimanual palpation is performed. With one hand, 
the premaxilla along with the upper dental arch is grasped, while the other hand palpates the zygomaticomaxillary and fron-
tozygomatic sutures on both sides (Fig.  30.32 ).

   Mobility of the zygomaticomaxillary suture is suggestive of Le Fort II fractures, while mobility of the frontozygomatic 
suture is suggestive of Le Fort II fractures. In the case of Le Fort I fracture, the entire upper dentoalveolar system is mobile. 
Le Fort classifi cation, however, is not always feasible because the fractures often do not always respect classic Le Fort lines, 
as in the case of atypical monolateral or bilateral fractures (Fig.  30.33 ).

       Imaging Techniques 

 Until the introduction of modern imaging techniques, standard x-rays were the gold standard for radiological diagnosis of 
facial trauma. The Waters and the Caldwell projections were the most employed projections (Fig.  30.34 ). The former is use-
ful for the evaluation of the maxillary bone and sinus and for the orbit and zygomatic arch. The Caldwell projection allows 
for the evaluation of the frontal and ethmoidal sinuses, the orbital fl oor and contour, and the frontozygomatic sutures.

  Fig. 30.28    Vertical diplopia ( left ). Left eye does not follow the 
contralateral eye when gazing upward       

  Fig. 30.29    Loss of habitual occlusion along in midface trauma       
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a b

  Fig. 30.31    Sagittal    palatal fractures with diastema and hard palate fi stula       

  Fig. 30.30    CT scan: open-bite deformity in Le Fort I–II and 
NOE fractures. Backward dislocation of the maxillary bone 
responsible for premature occlusal contacts between molars       
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  Fig. 30.32    ( a ) Palpation. Evaluation of maxillary mobility at zygomaticomaxillary ( b ) and frontozygomatic ( c ) level       

  Fig. 30.33    CT scan: midface trauma with bilateral Le Fort I 
fracture, monolateral Le Fort II and III fractures, NOE fracture, 
and palatal sagittal fracture       
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   CT scan techniques have radically changed the diagnosis and surgical planning of facial trauma [ 42 ,  43 ] (Fig.  30.35 ). 
Multislice helical CT scan provides high-quality images, with three-dimensional reconstruction of facial structures 
(Fig.  30.36 ), allowing visualization of the anatomy of the trauma and making surgical planning easier (Fig.  30.37 ). Multislice 
helical CT scan is quick and effective providing real-time full-body scanning with the evaluation of the brain and internal 
organs which are essential in the diagnostic work-up of polytrauma patients [ 12 – 14 ,  44 ]. Presence of blood in the sinuses is 
a typical radiologic sign in midface trauma with involvement of paranasal sinuses [ 45 ] (Fig.  30.17 ). Other signs include the 
presence of dislocated bone fragments and the distribution of air in soft tissues (radiotransparencies). Pneumocephalus is 
characteristic of head injuries and is attributable to disruption of the ethmoidal and sphenoidal sinus walls with penetration 
of air into the brain (Fig.  30.17 ).

         Management 

 Patients suffering from facial trauma are usually treated in emergency settings. Fractures should be reduced within 7–10 days 
from the trauma, when swelling decreases and fractures are not yet ossifi ed. Vital signs are to be checked fi rst along with 
inspection for the presence of hemorrhage, respiratory insuffi ciency, and/or neurological compromise [ 46 ]. In Le Fort II and 
III fractures, the midface can be dislocated backward compromising airway patency. In these cases, maneuvers to mobilize 
the midface in a posterior to anterior direction are required in order to free the airway. 

 When upper airway patency is diffi cult to establish, a tracheotomy or a cricothyrotomy can be performed (Fig.  30.38 ). 
Cricothyrotomy is quick and relatively easy to perform, but the risk of laryngeal damage is high [ 47 ]. On the other hand, 
tracheotomy is usually performed in 20 min and is associated with fewer complications. It is routinely performed in complex 
midface and panfacial trauma surgery, especially when there is brain damage associated.

   In the case of hemorrhage, the surgeon can ligate or coagulate the bleeding vessels. Sometimes ligation of external carotid 
artery is required. In some centers, however, transcatheter selective arterial embolization can be performed [ 48 ]. Epistaxis is 
frequent in facial trauma and requires nasal packing (Fig.  30.39 ).

   Treatment of facial fractures in critically injured patients can be postponed. Reduction and stabilization of fractures 
can be obtained employing intermaxillary fi xation (IMF) with restoration of normal occlusion (Fig.  30.40 ). Zygomatic 

a b

  Fig. 30.34    Conventional x-rays: ( a ) Waters projection, ( b ) Caldwell projections       
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a b

c

  Fig. 30.35    CT scan: normal imaging of paranasal sinuses. ( a ) Axial view, ( b ) coronal view, ( c ) sagittal view       
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a b

  Fig. 30.37    Complex midface trauma ( a ), CT scan shows type, location, and extent of the injury ( b )       

  Fig. 30.36    CT scan: normal 3D imaging of facial skeleton        
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a b

  Fig. 30.38    Tracheotomy ( a ), cricothyrotomy ( b )       

  Fig. 30.39    Nasal packing       
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fractures can be reduced percutaneously using a bone hook. Midface fractures in which the maxilla is dislocated back-
ward can be mobilized using Rowe disimpaction forceps and IMF restoring normal occlusion (Fig.  30.41 ). Less inva-
sive procedures performed in critical patients are cost-effective and avoid overtreatment. However, they often do not 
allow for direct visualization of injured structures. In general, quicker recovery can be achieved by careful and accurate 

a b

  Fig. 30.40    Occlusal splint in place ( a ), IMF can restore habitual occlusion ( b )       

  Fig. 30.41    Zygomatic fracture reduction using a bone hook ( a ), reduction of maxillary fracture with Rowe disimpaction forceps ( b )       
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surgical treatment. IMF is systematically applied in emergency settings providing stabilization of fractures and, in 
cases of small nondisplaced fractures, defi nitive treatment. IMF is usually maintained from 2 to 6 weeks.

    When undergoing surgery, patients are intubated through the nose or by means of tracheotomy. A simple and effective 
method is submental intubation which avoids the use of tracheotomy and endotracheal tube exchange [ 49 ,  50 ] (Fig.  30.42 ). 
Zygomatic, NOE, and frontal fractures are normally accessed using an open approach, while the orbital fl oor can be accessed 
through a subciliary or transconjunctival approach (Fig.  30.43 ). In case of complex multiple fractures involving the frontal 
sinus, a bicoronal approach with subgaleal dissection provides wide exposure of the injured area (Fig.  30.44 ). The intraoral 
approach is reserved for fractures involving the dentoalveolar system, the maxillary buttress, and the Le Fort II and III frac-
tures (Fig.  30.45 ).

      Bone fragments are reduced and fi xed under direct visualization. Rigid internal fi xation (RIF) employs titanium plates and 
screws for fi xation [ 51 – 55 ]. This has defi nitively replaced wire fi xation techniques and reduced patient recovery time. The 
fi rst material used for plates and screws was steel. This has been replaced by titanium which is lighter, more stable, and 
compatible with magnetic resonance imaging techniques [ 56 ,  57 ]. Biodegradable materials such as poly-L-lactic- polyglycolic 

a b

  Fig. 30.43    Surgical access to the midface, ( a ) medial orbital wall and ( b ) lateral orbital wall       

  Fig. 30.42    Submental intubation. Note the IMF and the nasal 
packing       
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plates are also available and very useful especially in pediatric patients [ 58 ,  59 ]. However, the costs are high and titanium 
still remains the most employed material (Fig.  30.46 ). Panfacial trauma with mandibular involvement requires a staged 
approach. Midface fractures are treated following stabilization, reduction, and fi xation of mandibular fractures to obtain 
normal patient occlusion [ 60 ] (Fig.  30.47 ).

       Maxillary Sinus 

 When affected in facial trauma, maxillary sinuses usually recover spontaneously with resolution of hematomas follow-
ing reduction and fi xation of fractures. Sinus hematoma infection is rare and occurs in patients hospitalized for long 
periods in which mechanical ventilation bypasses normal paranasal sinus aeration interfering with normal secretion 
drainage [ 61 ,  62 ] (Fig.  30.48 ). Isolated anterior, lateral, and posterior wall fractures are treated conservatively. In the 
presence of greater defects, bone or cartilage graft can be employed [ 63 – 65 ] (Fig.  30.49 ). Complete Le Fort I fractures 
are accessed intraorally, and osteosynthesis is achieved with plates and screw fi xed on nasomaxillary and zygomatico-
maxillary buttresses (Fig.  30.50 ).

  Fig. 30.44    Bicoronal approach       

  Fig. 30.45    Intraoral approach to Le Fort I fracture       
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  Fig. 30.46    Wire fi xation ( a ); rigid internal fi xation (RIF) with 
micro- and miniplates ( b )       

  Fig. 30.47    Severe panfacial trauma. Midface fractures are 
treated following mandibular reduction and fi xation       
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     Le Fort II fractures require a combined approach. The subciliary or transconjunctival route is employed for the orbital 
region, while the intraoral approach is reserved for maxillary fractures. Reduction of nasal fractures can be performed 
externally or from the nose. Blow-out fractures require reconstruction of the orbital fl oor using alloplastic materials 

  Fig. 30.49    Bone defect ( a ) covered with a free bone graft ( b ) harvested from the mandibular ramus       

  Fig. 30.48    Maxillary sinus and orbital fl oor fractures ( right ) 
with nasal, ethmoidal, and maxillary sinus effusion       
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  Fig. 30.51    Orbital fl oor fracture communicating with maxillary sinus ( a ). Reconstruction with a cartilage graft harvested from the nasal septum, 
transconjunctival approach was used in this case ( b )       

(titanium mesh, polylactic mesh, etc.), heterologous tissue (pericardium, purifi ed cartilage), or autologous tissue (bone or 
cartilage grafts) [ 66 ,  67 ]. Orbital fl oor fractures are preferably repaired within 2 weeks from trauma to reduce the risk of 
sequelae (Fig.  30.51 ).

  Fig. 30.50    Le fort I fracture: osteosynthesis       
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       Frontal Sinus 

 Frontal sinus fractures are challenging, in particular when the posterior wall is fractured being the posterior wall in continuity 
with brain tissue. Anterior wall fractures without comminution are conservatively managed. If comminution is present, frag-
ments can be reduced and fi xed through a bicoronal approach. Care must be taken to not open the sinus (Fig.  30.52 ). 
Posterior wall fractures require antibiotic coverage to reduce the risk of infection and sometimes the help of a neurosurgeon 
with debridement, hematoma drainage, and dura mater repair.

   Frontal sinus fractures can be accessed with small incisions in the glabella or the medial orbital wall when the damage is 
minimal. Otherwise a bicoronal incision provides wide exposure of the area to be repaired [ 68 ,  69 ]. Cranialization of the 
frontal sinus with mucosectomy and closure of nasofrontal ducts are performed when the posterior wall cannot be repaired. 
By doing this, the brain expands into the sinus [ 70 ,  71 ]. An alternative is sinus obliteration in which the sinus, after accurate 
mucosectomy and closure of nasofrontal ducts, is fi lled using fat graft or bone grafts plus platelet-rich plasma [ 72 ,  73 ] 
(Fig.  30.53 ). The sinus mucosa can be preserved when a pedicled galeal fl ap (Fig.  30.54 ) is used for sinus obliteration [ 74 ] 
or when the treatment is endoscopic [ 75 ].

        Ethmoidal Sinus 

 Treatment of ethmoidal sinus fractures is usually conservative. Fractures of the lateral wall (medial orbital wall fractures) are 
repaired when muscle incarceration is present [ 76 ]. Mobile fragments are removed, and the bone gap can be repaired with a 

  Fig. 30.52    Reduction and internal fi xation of fracture frag-
ments of the frontal sinus anterior wall       

  Fig. 30.53    Frontal sinus obliteration and reconstruction of the 
orbital roof with cancellous bone of the iliac crest, calvarial 
bone grafts, and platelet-rich plasma       
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cartilage graft or left to heal by secondary intention when the defect is small. Fractures of the NOE are complex and require 
surgical repair through a bicoronal approach [ 77 ,  78 ]. Endoscopic treatment of dural tears and muscle incarceration has been 
successfully advocated by some [ 79 ,  80 ]. Patency of the lacrimal system is generally reestablished when NOE fractures are 
repaired. By contrast if the obstruction persists, a dacryocystorhinostomy is performed [ 81 ]. Canthoplasty is performed when 
the canthal tendon has to be reattached to the medial orbital wall [ 82 ].  

    Sphenoidal Sinus 

 Lesions of the sphenoidal sinus require neurosurgical treatment. These patients are often unconscious and require resuscita-
tion procedures. Antibiotic prophylaxis is paramount to reduce the risk of suppurative infection considering the proximity of 
the central nervous system [ 83 ]. Neural and vascular structures are encountered in the sphenoidal sinus, and complications 
can be fatal or extremely severe. In most cases, any persistent CSF leakage can be managed with external drainage [ 84 ]. 
Endoscopic treatment has also been proved to be effective [ 85 ].   

    Conclusions 

 Due to their anatomical location, the paranasal sinuses are unavoidably involved in injuries of the upper and middle 
thirds of the face. Le Fort I and II, zygomaticomaxillary, and blow-out fractures are associated with maxillary sinus 
lesions. Frontal, ethmoidal, and sphenoidal sinuses are often damaged in craniofacial trauma and in isolated NOE, 
Le Fort II, and Le Fort III fractures. Clinical examination is essential for a prompt diagnosis. Signs of facial 
swelling, hematoma, epistaxis, and occlusal problems are the most frequent clinical clues of a facial fracture. CT scan 
with 3D reconstruction of the facial skeleton allows for visualization of the injured areas and facilitates surgical 
planning. 

 Management is surgical, using rigid internal fi xation for fracture and fragment fi xation. Reestablishment of habitual 
occlusion is the most important surgical goal. Following fracture reduction and fi xation, paranasal sinuses recover spontane-
ously in the majority of cases. Complications include mucocele formation, nasolacrimal injury, meningoencephalitis, CSF 
leakage, and hyposmia or anosmia. A thorough knowledge of upper and middle third facial fractures is essential for the clini-
cal evaluation and management of paranasal sinus trauma.     
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  Fig. 30.54    Galeal fl ap is employed to repair a dural laceration 
and to obliterate the frontal sinus       
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  A 
  ABRS.    See  Acute bacterial rhinosinusitis (ABRS) 
   Abscess 

 cavernous sinus , 298, 300  
 epidural/subdural , 511  
 intracranial , 498, 500  
 orbital and brain , 298, 300  
 orbital/intracranial formation , 512  
 periorbital , 498, 500  
 sinogenic brain , 302  
 solitary intracerebral formation , 511  
 subperiosteal , 298–299, 301, 497–498  

   Accessory ethmoid cells 
 agger nasi , 80  
 infraorbital , 79  
 sphenoethmoidal/Onodi cell , 80, 81  

   Acetaminophen , 367  
   Acoustic rhinometry 

 estimation of , 341  
 fi xed nasal airway obstruction , 344, 348, 349  
 parameters , 343  
 pre- and post-decongestants values , 343, 344, 347  
 static test , 343  
 uses of , 340–341  

   Acquired sinonasal lesions 
 non-papillomatous 

 hamartomas , 524–526  
 mucoceles , 523–524  
 mucous retention cysts , 523  

 papillomatous 
 complications , 531  
 diagnostic workup , 527–529  
 sinonasal , 526–527  
 surveillance , 532  
 treatment , 529–531  

   Acute bacterial rhinosinusitis (ABRS) 
 adjunctive therapies 

 analgesics , 367–368  
 antihistamines , 365, 366  
 antileukotrienes , 368  
 decongestants , 368  
 herbal preparations , 369  
 intranasal corticosteroids , 365–367  
 mucolytics , 368  
 oral corticosteroids , 367  
 saline nasal irrigation , 368–369  
 symptoms , 364  

 in adults 
  Haemophilus infl uenza  , 99, 100  
  Moraxella catarrhalis  , 99, 100  
 pathogen shift , 100–101  
 role of viruses , 99  
  Staphylococcus aureus  , 101  
  Streptococcus pneumoniae  , 99–101  

 antibiotics 
 amoxicillin and azithromycin , 363  
 amoxicillin-clavulanate  vs.  cephalosporins , 362, 363  
 cefdinir , 363  
 dosage and clinical effi cacy , 364  
 fl uoroquinolones , 363  
 methicillin-resistant  Staphylococcus aureus  , 363  
 susceptibilities of , 364  

 BSACI guidelines , 361  
 in children 

 antimicrobial resistance rates , 92, 93  
 AOM , 91, 92  
 aspiration of , 89–90  
 defi nition of , 94  
 endoscopic middle meatal cultures , 90  
 extracranial and intracranial complications , 93–94  
 middle ear fl uid , 91, 92  
 PCV-7 era , 92  
 role of viruses , 93  
  S. aureus  role , 91  
 surface cultures , 90–91  

 clinical presentation of , 359, 360  
 CPG:AS criteria , 360  
 EPOS and IDSA guidelines , 360  
 JTFPP guidelines , 361  
 pathogens , 361–362  
 RI guidelines , 360  
 subcutaneous immunotherapy , 369  

   Acute invasive fungal rhinosinusitis (AIFRS) , 104, 126–128  
   Acute mycotic rhinosinusitis , 303–304  
   Acute otitis media (AOM) , 91, 92  
   Acute rhinosinusitis (ARS) 

 abscess formation , 512  
 aetiology , 502–504  
 clinical examination , 495, 496, 506–507  
 diagnostic imaging , 507–509  
 diagnostics , 506  
 epidemiology , 501–502  
 EP 3 OS 2012 , 497  
 FESS , 512, 513  
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 Acute rhinosinusitis (ARS) (cont.) 
 headache , 214  
 intracranial complications , 498, 500  
 orbital complications , 497, 498  
 pathogenetic factors , 503–506  
 radiological differentiation , 498–500  
 symptoms , 506–507  
 therapy , 509–511  

   Acute sinusitis 
 frontal sinusitis and sinogenic brain abscess , 300–302  
 intracranial complications , 301, 303  
 left frontal sinusitis , 298–299, 301  
 orbital and brain abscesses , 298, 300–302  
 radiological diagnosis , 298  
 sinogenic orbital periosteal abscess , 298–299, 301  
 sinogenic septic thrombosis , 298, 300, 301  
 sinogenic subdural empyema , 300–301  

   Adaptive immunity 
 chemokines , 68  
 cytokines , 65–67  
 humoral , 65  
 secretoglobins , 68  
 T cells , 65  

   Adenocarcinoma , 543–544  
   Adenoid 

 biofi lms , 412  
 endoscopic appearance , 83–84, 285  
 hyperplasia , 142, 278, 285  
 hypertrophy theory, CRS , 412  

   Adenoid cystic carcinoma (ACC) , 543–544  
   Adenoidectomy , 412–413  
   AERD.    See  Aspirin-exacerbated respiratory disease (AERD) 
   AFRS.    See  Allergic fungal rhinosinusitis (AFRS) 
   Ageusia , 163  
   Agger nasi cell , 16–18, 80, 433, 434  
   Allergic fungal rhinosinusitis (AFRS) 

  Aspergillus  , 122  
 Bent and Kuhn criteria , 123  
 budesonide respules , 124  
 characteristic features , 160  
 CT imaging , 123, 125  
 eosinophilic mucin rhinosinusitis , 123  
 frontal sinus pathologies , 489–490  
 histopathology , 123–124  
 immunotherapy , 125  
 serum IgE , 123  
 skin testing , 123  
 topical steroids , 124  

   Allergic fungal sinusitis (AFS) , 105–106, 
426–427  

   Allergic granulomatosis.    See  Eosinophilic granulomatosis 
with polyangiitis (EGPA) 

   Allergic mucin, FRS , 105  
   Allergic rhinitis 

 AERD , 200  
 asthma 

 anti-IgE therapy , 188  
 immunotherapy , 188  
 parallel management , 188  
 pharmacotherapy , 187  
 rates of , 174–177  
 surgical treatment , 188–190  

 classifi cation , 134–135  
 rhinosinusitis , 178  

   Amyloidosis , 141  
   Analgesics , 367–368  

   ANCA-associated vasculitis 
 EGPA 

 clinical overview , 254  
 description , 253–254  
 pathogenesis , 254–256  
 sinonasal disease , 254  
 treatment , 255–257  

 granulomatosis with polyangiitis , 251–253  
 microscopic polyangiitis , 257  

   Anosmia/hyposmia , 163, 197–198  
   Anterior ethmoidal canal , 10, 25–26  
   Anterior ethmoid artery , 466–467  
   Anterior/posterior nasal drainage , 162  
   Anterior rhinoscopy 

 decongestion/anesthesia , 287–288  
 demonstration of nasal speculum , 288  
 indications , 277  
 otic speculum , 288  

   Antibiotics 
 acute bacterial rhinosinusitis 

 amoxicillin and azithromycin , 363  
 amoxicillin-clavulanate  vs.  cephalosporins , 

362, 363  
 cefdinir , 363  
 dosage and clinical effi cacy , 364  
 fl uoroquinolones , 363  
 methicillin-resistant  Staphylococcus aureus  , 363  
 susceptibilities of , 364  

 chronic rhinosinusitis 
 oral , 381  
 topical , 382  

   Antihistamines, ABRS , 365, 366  
   Antileukotrienes, ABRS , 368  
   Antrochoanal polyps (ACPs) , 420  
   Arachidonic acid metabolism , 198  
   Aspergillosis , 119, 304  
   Aspirin-exacerbated respiratory disease (AERD) 

 anosmia/hyposmia , 197–198  
 asthma , 196  
 burden of disease , 199–200  
 chronic rhinosinusitis , 197  
 clinical presentation , 195  
 leukotrienes , 185  
 nonsteroidal anti-infl ammatory drug sensitivity , 196–197  
 pathogenesis , 198–199  
 rhinitis/nasal polyposis symptoms , 184  
 Samter’s triad , 195  
 treatment 

 aspirin desensitization protocol , 202  
 asthma therapy , 204  
 concomitant allergic diseases , 204  
 desensitization procedure , 200–201  
 desensitization specifi cs , 201–202  
 dose , 201  
 leukotriene-modifying drugs , 203  
 local nasal desensitization , 203–204  
 nasal ketorolac , 202–203  
 side effects , 201  

   Asthma 
 AERD , 196, 199–200  
 allergic rhinitis 

 anti-IgE therapy , 188  
 immunotherapy , 188  
 parallel management , 188  
 pharmacotherapy , 187  
 surgical treatment , 188–190  
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 aspirin-induced , 185  
 chronic rhinosinusitis , 183  
 nasal polyps , 183–184  
 therapies , 204  
 viral respiratory diseases , 182–183  

   Atopy , 53  
   Atrophic rhinitis , 137–138, 265  
   Autoimmunity 

 ANCA-associated vasculitis 
 EGPA , 253–257  
 granulomatosis with polyangiitis , 251–253  
 microscopic polyangiitis , 257  

 differential diagnosis of sinusitis , 268–269  
 immunology 

 autoantibodies , 247  
 autoreactive T-regulatory cells , 248–249  
 B-cell-activating factor , 248, 250  
 B cell–T cell interaction , 248  
 lupus-prone T cells , 248–249  

 non-ANCA-associated vasculitis 
 Behcet’s disease , 260–262  
 idiopathic midline destructive disease , 268  
 rheumatoid arthritis , 259–260  
 sarcoidosis , 263–267  
 Sjögren’s syndrome , 257–259  
 systemic lupus erythematosus , 261–262  

 primary antineutrophil cytoplasmic antibody-associated 
vasculitides , 251  

   Azithromycin, ABRS , 363  

    B 
  Bacteria 

 biofi lms , 109–111  
 chronic rhinosinusitis 

 aerobic and anaerobic , 103  
 endoscopic-guided culture , 102, 103  
 nasopharyngeal swabs , 104  
 polymicrobial biofi lms , 104  

 reservoir theory , 412  
   Balloon catheter 

 dilation , 482–483  
 sinusotomy , 408  

   Balloon sinuplasty , 417–418, 459–460  
   Basal lamellae , 9–12  
   Basophils, nasal cytology , 334, 335  
   Bath plug technique , 470   
  B cell 

 developmental defects,  225–227, 229  
 maturation 

 CVID ( see  Common variable immunodefi ciency 
(CVID)) 

 Ig-CSR defi ciencies,  229–230   
  B cell-activating factor (BAFF) 

 receptors,  232, 234  
 signals,  233, 234   

  Bruton’s disease,  229   
  Bruton’s tyrosine kinase (Btk),  229   
  Beclomethasone (Beconase ® ) , 373  
   Behcet’s disease , 260–262  
   Benign tumors 

 fi brous dysplasia , 541  
 JNA , 539–540  
 ossifying fi broma , 541  
 osteomas , 540  
 sinonasal papillomas , 541–542  

   Beta-trace protein test , 506  
   Biofi lms 

 antibiotic resistance , 114  
 bacterial biofi lm life cycle , 109–111  
 chronic rhinosinusitis , 102–104, 380–381  
 confocal laser scanning microscopy , 112, 113  
 fl uorescent in situ hybridization , 112, 113  
 fungal biofi lms , 111  
 investigations in patients , 112  
 protective extracellular polymeric matrix , 104  
 quorum sensing mechanism , 115  
 and risk factors , 113  
 scanning electron microscopy , 112, 113  
 surfactant therapy , 115  
 surgical intervention , 114, 115  
 topical antibiotics , 115  
 transmission electron microscopy , 113  

   Boyer’s cells , 22  
   Brushing procedure, nasal cytology , 326–327  
   Budesonide, CRS , 376–378  
   Bulla ethmoidalis , 10–12, 16, 18, 22  
   Bulla frontalis , 33  
   Buttresses , 557, 560  

    C 
  Caldwell-Luc technique 

 antrostomy , 392–394  
 contraindications for , 390  
 endoscopic era , 395  
 indications for , 390  
 modifi cations , 393–395  
 outcomes of , 390, 392, 394  
 periosteal elevation , 390, 391  
 removal of bone , 390, 392  
 trocar placement , 390, 391  

    Candida  spp. , 111  
   Canine fossa trephination , 472  
   CCL18 , 68  
   CCL23 , 68  
   Cefdinir, ABRS , 363  
   Cephalosporins, ABRS , 362, 363  
   Cerebrospinal fl uid (CSF) rhinorrhe, FESS , 

427, 429  
   C-fi bers , 211  
   Charcoal carbon test, mucociliary transport , 338  
   Chemosensory system , 211  
   Choanal atresia , 142  
   Choanal polyps , 317–318  
   Chondrosarcoma , 548  
   Chronic allergic fungal rhinosinusitis 

 allergic mucin , 307  
 chronic reactive sclerosis , 309  
 extrasinus extension , 309  
 fungal ball , 308  
 iron and manganese , 310  
 reactive granulations , 309–310  
 soft tissue obliteration , 307–309  

   Chronic frontal sinusitis 
 anatomy , 475–477  
 balloon catheter dilation , 482–483  
 complications , 491  
 EMLP/frontal drill out , 481–482  
 endoscopic , 479  
 medical management , 478  
 microorganisms , 477–478  
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 Chronic frontal sinusitis (cont.) 
 operative technique , 479–481  
 pathologies 

 allergic fungal frontal sinusitis , 
489–490  

 chronic polypoid , 480, 487–489  
 fi bro-osseous tumors , 491  
 inverted papilloma , 490  
 mucoceles , 486–488  

 postoperative management , 481, 483–484  
 preoperative planning , 479  
 presentation and diagnosis , 477, 478  
 surgical approaches 

 cranialization , 485, 488  
 osteoplastic fl ap , 485, 487  
 trephination , 485, 486  

 surgical indications , 478–479  
   Chronic invasive fungal rhinosinusitis (CIFRS) , 104, 125–126  
   Chronic polypoid frontal sinusitis , 480, 487–489  
   Chronic rhinosinusitis (CRS) 

 abscess formation , 512  
 adaptive immunity   ( see  Adaptive immunity) 
 adenoidectomy , 412–413  
 in adults 

 bacteria , 102–104  
 FRS , 104–106  

 AERD , 197  
 aetiology , 502–504  
 ancillary treatments , 382  
 antral lavage , 413  
 antrochoanal polyps , 420  
 asthma , 183  
 bacterial pathogens , 362  
 balloon dilatation/sinuplasty , 459–460  
 biofi lms , 380–381  

 antibiotic resistance , 114  
 bacterial biofi lm life cycle , 109–111  
 confocal laser scanning microscopy , 112, 113  
 fl uorescent in situ hybridization , 112, 113  
 fungal , 111  
 investigations in patients , 112  
 quorum sensing mechanism , 115  
 and risk factors , 113  
 scanning electron microscopy , 112, 113  
 surfactant therapy , 115  
 surgical intervention , 114, 115  
 topical antibiotics , 115  
 transmission electron microscopy , 113  

 cardinal symptoms 
 anterior/posterior nasal drainage , 162  
 facial pain/pressure/fullness and sinus headache , 

161–162  
 hyposmia/anosmia and ageusia , 163  
 nasal congestion , 163  
 rhinogenic  vs.  non-rhinogenic headaches , 162  

 in children 
 biofi lms , 95  
 complications , 93–94  
 defi nition of , 94  
 microbiology of , 94, 95  

 chronic bilateral maxillary sinusitis , 305–306  
 classifi cation , 58, 153–154  
 clinical applications , 166  
 clinical classifi cation of , 373, 374  
 clinical examination , 495, 496, 506–507  
 clinicopathologic classifi cation , 167  

 Cochrane Collaboration and Reviews , 
454–455  

 CRSsNP  vs.  CRSwNP , 164–166  
 cystic fi brosis , 419  
 defi nition of , 373, 426  
 diagnosis of , 396–397, 506  
 diagnostic imaging , 507–509  
 endoscopic fi ndings , 163  
 endoscopic sinus surgery 

 analysis of , 413  
 balloon sinuplasty , 417–418  
 complications of , 413  
 effectiveness of , 415  
 image guidance system , 415–417  
 indications for , 413, 414  
 osteomeatal complex , 414, 415  
 second-look procedure , 415  

 eosinophilic and non-eosinophilic forms , 58, 59  
 epidemiology , 501–502  
 EP 3 OS 2012 , 497  
 evidence-based surgery , 450–452  
 external surgical approaches , 457  
 FESS , 512, 513  
 functional endoscopic sinus surgery 

 Cochrane Review , 455, 456  
 maximal medical treatment , 456  

 fungal sinus disease , 120  
 headache , 214  
 host-microbial interactions , 166, 167  
 image guidance system , 457, 458  
 innate immunity   ( see  Innate immunity) 
 innovation and marketing , 453–454  
 intracranial complications , 498, 500  
 intranasal corticosteroids , 377–378  
 irrigation and nebulization , 380  
 medical/surgical treatment , 167–168  
 medical therapy , 382  

  vs.  surgical therapy , 383  
 middle turbinate surgery , 457, 459  
 mucosal disease, MIST , 401–402  
 nasal corticosteroids , 373  

 in CRSsNP , 376  
 in CRSwNP , 376–377  
 mechanism of action , 374–376  
 pharmacologic properties , 374–376  

 nasal saline , 379–380  
 oral antibiotics , 381  
 orbital complications , 497, 498  
 orbital infections , 418–419  
 in paediatric population , 383–384, 461  
 pathogenesis , 53–54, 503–506  
 pediatric  vs.  adult 

 common cold , 155  
 contrasting features , 155–156  
 impaired humoral immunity , 155  
 multiple factors , 155  
 pathogenesis , 155–156  

 periosteal bone formation , 305–306  
 polypoid mucosal thickening , 306–307  
 with polyposis , 306–307  
 radiographic fi ndings , 163–164  
 radiological differentiation , 498–500  
 subtypes 

 allergic fungal rhinosinusitis , 160  
 with nasal polyposis , 159–160  
 without nasal polyposis , 156–159  
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 surgical management   ( see  Functional endoscopic 
sinus surgery (FESS)) 

 superimposed presumed suppurative infection , 305  
 surgical regulation , 452–453  
 symptoms , 506–507  
 systemic oral steroids , 378  
 Th2 “allergic” infl ammation , 167  
 therapy , 509–511  
 topical antibiotics , 382  
 treatment recommendations for , 373, 375  
 upper airway , 57  

   Chronic rhinosinusitis with nasal polyposis (CRSwNP) , 159–160  
   Chronic rhinosinusitis without nasal polyposis (CRSsNP) 

 characteristic features , 158  
 clinical presentation , 159  
  vs.  CRSwNP , 164–166  
 defi nitions , 157  
 fungal hyphae , 156  
 pathophysiology , 158  

   Churg–Strauss syndrome (CSS).    See  Eosinophilic Granulomatosis 
with polyangiitis (EGPA) 

   Ciliary dyskinesis , 143, 337  
   Ciliocytophthoria (CCP), nasal cytology , 336, 337  
   Cleft palate , 142  
   Cluster headache , 212–214  
   Cochrane Collaboration and Reviews, CRS , 454–455  
   Columnar cells, nasal cytology , 332, 333   
  Common variable immunodefi ciency (CVID) 

 BAFF,  232–234  
 CD19 gene complex,  233  
 characterization,  231  
 TACI alleles,  232   

  Complementary and alternative medicine (CAM) , 369  
   Complex midface trauma , 561, 562  
   Compressive optic neuropathy , 504  
   Computed tomography (CT) 

 acute mycotic rhinosinusitis , 303–304  
 acute sinusitis 

 frontal sinusitis and sinogenic brain abscess , 
300–302  

 intracranial complications , 301, 303  
 left frontal sinusitis , 298–299, 301  
 orbital and brain abscesses , 298, 300–302  
 radiological diagnosis , 298  
 sinogenic orbital periosteal abscess , 298–299, 301  
 sinogenic septic thrombosis , 298, 300, 301  
 sinogenic subdural empyema , 300–301  

 allergic fungal sinusitis , 426, 427  
 aspergillosis , 304  
 cerebrospinal fl uid rhinorrhea , 427, 429  
 choanal polyps , 317–318  
 chronic allergic fungal rhinosinusitis 

 allergic mucin , 307  
 chronic reactive sclerosis , 309  
 extrasinus extension , 309  
 fungal ball , 308  
 iron and manganese , 310  
 reactive granulations , 309–310  
 soft tissue obliteration , 307–309  

 CRS 
 chronic bilateral maxillary sinusitis , 305–306  
 periosteal bone formation , 305–306  
 polypoid mucosal thickening , 306–307  
 with polyposis , 306–307  
 superimposed presumed suppurative 

infection , 305  

 granulomatous rhinosinusitis , 311  
 Holman–Miller sign , 429  
 mucoceles , 311–314  
 mucopyoceles , 427, 428  
 nasal polyps 

 aspirin sensitivity , 315–316  
 hemangioma , 316–317  
 inverted papilloma  vs.  carcinoma , 316  
 mass lesion , 314  
 nasal schwannoma , 316  

 normal and anatomic variations , 297  
 odontogenic keratocyst , 318–319  
 retention cysts , 317  
 rhinolith , 311  
 scan 

 complex midface trauma , 561, 562  
 facial skeleton , 574, 576  
 medial blow-out fracture , 567  
 paranasal sinuses , 574, 575  

 silent sinus syndrome , 311–312  
 sinonasal tumors , 319–321  

   Concha bullosa , 21, 25, 76, 142  
   Confocal laser scanning microscopy (CLSM), biofi lms , 

112, 113  
   Congenital nasolacrimal duct cysts , 522  
   Congenital sinonasal lesions 

 frontonasal region development , 517, 518  
 nasal dermoid sinus and cysts , 519–520  
 nasal encephaloceles , 521–522  
 nasal gliomas , 520–521  
 nasolacrimal duct cysts , 522  

   Connell rhinomanometer , 341  
   Corrosive rhinitis , 139  
   Corticosteroids 

 intranasal , 365–367, 377–378, 398  
 nasal , 373    ( see also  Nasal corticosteroids) 
 oral , 367  
 systemic oral steroids , 378  

   COX-1 and COX-2 inhibitors , 196–197  
   Cranialization , 485, 488  
   CRS.    See  Chronic rhinosinusitis (CRS) 
   CSF rhinorrhea , 143  
   CT.    See  Computed tomography (CT) 
   Cysteinyl leukotriene , 198  
   Cysteinyl-LT receptor , 199  
   Cystic fi brosis (CF) , 419  
   Cytokines 

 IL-6 , 66  
 IL-17 and IL18 , 67  
 IL-19 and IL-32 , 67  
 TNF-α , 65–66  
 TNF-β , 66  

   Cytomegalovirus (CMV) , 502–503  

    D 
  Danger-associated molecular patterns (DAMPs) , 63  
   Decongestants, ABRS , 368  
   Diagnostic nasal endoscopy , 506, 507  
   Drug-induced rhinitis , 137  

    E 
  EGPA.    See  Eosinophilic granulomatosis with polyangiitis (EGPA) 
   Endoscopes, chronic rhinosinusitis , 430, 431, 435–436  
   Endoscopic frontal sinusotomy , 476, 479  

Index



594

   Endoscopic modifi ed Lothrop procedure (EMLP) , 
481–482  

   Endoscopic orbital decompression technique , 427, 429, 430  
   Endoscopic sinus surgery (ESS) 

 adhesions and middle turbinate lateralisation , 472  
 canine fossa trephination , 472  
 chronic rhinosinusitis 

 analysis of , 413  
 balloon sinuplasty , 417–418  
 complications of , 413  
 effectiveness of , 415  
 image guidance system , 415–417  
 indications for , 413, 414  
 osteomeatal complex , 414, 415  
 second-look procedure , 415  

 CSF leak , 470  
 frontal sinus trephines , 470–472  

 Endoscopic sinus surgery (ESS) (cont.) 
 haemorrhage 

 anterior ethmoid artery bleeding , 
466–467  

 generalised bleeding , 468  
 internal carotid artery bleeding , 467  
 sphenopalatine artery bleeding , 465  

 lacrimal injury , 472–473  
 olfaction , 473  
 orbital injury , 468–470  
 paediatric complications , 473  
 recurrent disease , 472  
 surgical complications , 473  

   Enophthalmus , 569, 570  
   Eosinophilic granulomatosis with polyangiitis (EGPA) 

 clinical overview , 254  
 description , 253–254  
 pathogenesis , 254–256  
 sinonasal disease , 254  
 treatment , 255–257  

   Eosinophilic mucin rhinosinusitis (EMRS) , 
105, 106, 123  

   Eosinophils, nasal cytology , 333–334  
   Epistaxis , 574, 577  
   Ethmoid bulla , 280  
   Ethmoidectomy, FESS , 440, 441  
   Ethmoid infundibulum , 10–11, 22, 281  
   Ethmoid sinus , 216  

 anterior , 281–282  
 clinical implications 

 agger nasi cell , 16–18  
 anterior ethmoidal canal , 10, 25–26  
 Boyer’s cells , 22  
 bulla ethmoidalis , 10–12, 16, 18, 22  
 classifi cation of sinus cells , 17, 21  
 concha bullosa , 21, 25  
 dried skull , 17, 19–20  
 ethmoid infundibulum , 10–11, 22  
 fovea ethmoidalis , 14–15  
 frontal bullae , 21  
 frontal recess cells , 10, 13, 21  
 Haller’s cell , 25  
 hiatus semilunaris , 13, 18, 22  
 infundibular cells , 21–23  
 lamina cranialis , 12, 16  
 lamina papyracea , 14, 16, 18  
 maxillary infundibulum , 11, 25  
 medial wall of bony orbit , 14, 16  
 middle cells , 17, 20–21  

 middle turbinate , 15, 16–17, 25  
 Onodi cells , 26  
 posterior ethmoid cells , 10, 11, 20, 21, 26  
 recess terminalis , 24  
 supraorbital ethmoid cells , 21  
 transverse ethmoid , 12, 14  
 uncinate process , 10–13, 22, 24  

 development and functional anatomy 
 basal lamellae , 9–12  
 bulla ethmoidales , 9  
 cartilaginous nasal capsule , 7  
 ethmoturbinals , 8  
 lateral nasal cavity wall , 8–9  
 lateral sinus , 11–13  
 mucosal swellings and evaginations , 8  
 suprabullar furrow/recess , 12  
 third lamella , 9–13  

 lateral wall fractures , 584–585  
 medial blow-out fracture , 567  
 mucoceles , 524  
 NOE complex , 566, 567  
 posterior , 282  

   Ethmoturbinals , 8–9  
   External nose , 46–47  

    F 
  Facial trauma 

 age distribution , 557–559  
 gender distribution , 557, 558  

   Fibrous dysplasia , 541  
   Fixed nasal airway obstruction , 344  

 diminished cross-sectional area , 348, 349  
 with polyps , 349  

   Fluorescent in situ hybridization (FISH), biofi lms , 
112, 113  

   Fluoroquinolones, ABRS , 363  
   Fluticasone nasal drops, CRS , 376, 377  
   Food and drug administration (FDA) , 452  
   Fossa of Rosenmüller , 281  
   Fovea ethmoidalis , 14–15  
   Frontal drill out , 481–482  
   Frontal recess cells , 477, 478  
   Frontal sinus , 281  

 areas of referred pain , 216–217  
 clinical commentary , 34–35  
 clinical implications , 32–33  
 coronal CT scan , 431, 433–434  
 development and functional anatomy , 30–32  
 drainage pathways , 76–79  
 fi bro-osseous tumors , 491  
 inverted papilloma , 490  
 mucoceles , 486–488, 524  
 obliteration , 584  
 osteoplastic fl ap , 485, 487  
 reduction and internal fi xation of fracture , 584  
 surgery, MIST , 403  
 surgical procedures for , 389  
 trauma 

 fractures , 565  
 posterior wall fractures , 565, 566  

 trephination , 485  
   Frontal sinus trephines , 470–472  
   Functional endoscopic sinus surgery (FESS) 

 anesthesia for 
 local  vs.  general anesthesia , 398–399  

Index



595

 patient preparation and positioning , 400  
 total intravenous anesthesia  vs.  inhaled anesthesia , 399–400  

 chronic rhinosinusitis 
 Cochrane Review , 455, 456  
 maximal medical treatment , 456  

 complications of , 445  
 contraindications , 396  
 diagnosis of , 396–397  
 indication for 

 allergic fungal sinusitis , 426, 427  
 benign and malignant neoplasms , 427, 429  
 CSF rhinorrhe , 427, 429  
 endoscopic orbital decompression , 427, 429, 430  
 medical therapy , 426  
 mucoceles and mucopyoceles , 427, 428  
 non-migrainous headache syndromes , 430  
 tobacco smoke exposure , 426, 427  

 indications , 395–396  
 instrumentation 

 balloon procedure , 437  
 drug-eluting implants , 437–438  
 endoscopes , 435–436  
 image-guided surgery , 436  
 powered instrumentation , 436–437  

 intranasal corticosteroids , 398  
 macrolide therapy , 398  
 medical therapy , 398  
 and MIST , 407–408  
 mucocoeles , 505–506  
 outcomes , 444–445  
 postoperative management , 443–444  
 preoperative evaluation , 396, 397  

 clinical history of , 430  
 nasal endoscopy , 430, 431  
 radiographic evaluation   ( see  Radiology, FESS) 

 principles , 395, 425–426  
 surgical technique , 438–442  
 techniques and instrumentation , 400–401  

   Fungal balls , 105  
   Fungal biofi lms , 111  
   Fungal rhinosinusitis (FRS) , 503, 504  

 acute invasive , 104  
 AFRS 

  Aspergillus  , 122  
 Bent and Kuhn criteria , 123  
 budesonide respules , 124  
 CT imaging , 123, 125  
 eosinophilic mucin rhinosinusitis , 123  
 histopathology , 123–124  
 immunotherapy , 125  
 serum IgE , 123  
 skin testing , 123  
 topical steroids , 124  

 AIFRS , 126–128  
 allergic sinusitis , 105, 106  
 chronic invasive , 104  
 chronic rhinosinusitis , 120  
 CIFRS , 125–126  
 classifi cation , 119–120  
 diagnostic tests , 121  
 eosinophilic mucin rhinosinusitis , 105, 106  
 fungus ball , 121–122  
 granulomatous invasive , 105  
 microbiology of fungi , 120–121  
 saprophytic infections , 105  

   Fungal sinusitis , 146, 148  

    G 
  Galeal fl ap , 584, 585  
   Gardner’s syndrome , 540  
   Glandular hamartoma , 526  
   Glomangiopericytoma , 549  
   Goblet cells, nasal cytology , 332, 333  
   Granulomatosis with polyangiitis (GPA) , 251–253  
   Granulomatous infections , 140  
   Granulomatous invasive FRS , 105  
   Granulomatous rhinosinusitis (GRS) , 311  

    H 
   Haemophilus infl uenzae  , 111  

 in adults , 99, 100  
 in children , 92, 93  

    Haemophilus infl uenzae  type b (Hib) vaccines, ABRS , 100  
   Haemorrhage 

 anterior ethmoid artery bleeding , 466–467  
 generalised bleeding , 468  
 internal carotid artery bleeding , 467  
 sphenopalatine artery bleeding , 465  

   Haller’s cell.    See  Infraorbital ethmoid cell 
   Hamartomas 

 glandular , 526  
 REAH , 525–526  

   Hansel staining technique , 324, 325  
   Headache 

 primary disorders 
 facial pain and trigeminal neuralgia , 214  
 migraine , 212  
 trigeminal autonomic cephalalgias , 212–214  

 referred pain and Wolff’s experiments , 210–211  
 secondary disorders 

 allergy , 220  
 ethmoid sinuses , 216  
 frontal sinuses , 216–217  
 low-pressure , 218–220  
 maxillary sinuses , 215  
 nasal/contact point , 218–220  
 rhinosinusitis , 214–215  
 sphenoid sinusitis , 216–218  

 viral infections , 209  
   Herpes simplex virus (HSV) , 502, 503  
   Hiatus semilunaris , 13, 18, 22  
   Holman–Miller sign , 429  
   Hopkins endoscopes , 435–436  
   Hormonal rhinitis , 136–137  
   Hypopharynx , 280, 287  

    I 
  Idiopathic hypogammaglobulinemia.  See  Common variable 

immunodefi ciency (CVID)  
  Idiopathic midline destructive disease (IMDD) , 268   
  IgA defi ciency 

 autoimmunity,  238  
 monomeric and dimeric forms,  236  
 production,  237   

  Ig-CSR defi ciencies,  229–230   
  IgG subclass defi ciency 

 respiratory tract infections,  233, 235  
 serum,  235   

  Image guidance system, CRS , 415–417, 457, 458  
   Image-guided surgery, FESS , 436  
   Infectious rhinitis , 138  
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   Inferior turbinate , 279  
   Infl ammatory optic neuropathy , 504  
   Infraorbital ethmoid cell , 79  
   Innate immunity 

 complement system , 64  
 components , 61–63  
 DAMPs , 63  
 epithelial cell , 59–60  
 PAMPs , 63  
 role , 59–61  
  Staphylococcus Superantigens  , 64  
 T cell function , 60–61  
 TLRs , 63–64  

   Intermaxillary fi xation (IMF) , 574, 578  
   Internal carotid artery , 467  
   Intracranial abscess formation , 512  
   Intranasal corticosteroids 

 ABRS , 365–367  
 chronic rhinosinusitis , 377–378  
 FESS , 398  

   Intranasal lidocaine , 214  
   Ischaemic optic neuropathy , 504  

    J 
  Juvenile nasopharyngeal angiofi broma (JNA) , 

539–540  

    K 
  Kartagener’s syndrome , 337  

    L 
  Lacrimal injury, ESS , 472–473  
   Lacrimation , 212  
   Lactoferrin , 52  
   Lamina cranialis , 12, 16  
   Lamina papyracea , 14, 16, 18  
   Laryngeal mask airway (LMA), FESS , 399  
   Laryngitis , 186  
   Laryngopharyngeal/pharyngonasal refl ux , 143  
   Larynx , 280, 287  
   Lateral rhinotomy , 550, 551  
   Lateral sinus , 11–13  
   Le Fort classifi cation 

 I fracture , 559, 560  
 II fracture , 559, 561  
 III fracture , 560, 561  

   Le fort I fracture , 583  
   Lethal midline granuloma , 141–142  
   Leukotrienes , 185  
   5-Lipoxygenase , 198  
   LL-37 peptide, biofi lms , 115  
   Long-term macrolide therapy, biofi lms , 115  
   Lower airway infection 

 AERD , 184–185  
 allergen exposure , 181–182  
 asthma 

 chronic rhinosinusitis , 183  
 nasal polyps , 183–184  

 autoimmune diseases , 185  
 bronchoprovocation effects , 182  
 cellular and histological characteristics , 179–180  
 functions of nose , 179–180  
 fungi , 183  

 gravitational factors and postnasal drainage , 184–185  
 infl ammatory changes , 180–181  
 nasobronchial and nasopharyngeal refl ex , 184  
 rhinosinusitis , 178  
 schematic representation , 178–179  
 viral respiratory diseases , 182–183  

   Low-pressure headache , 218–220  
   LTC4 synthase , 199  
   Lymphatics , 51  
   Lymphocytes, nasal cytology , 335–336  
   Lymphoepithelial Kazal-type-related inhibitor (LEKTI) , 62  
   Lymphoreticular malignancies 

 lymphoma , 549  
 plasmacytoma , 550  

    M 
  Magnetic resonance imaging (MRI) 

 acute mycotic rhinosinusitis , 303–304  
 acute sinusitis 

 frontal sinusitis and sinogenic brain abscess , 300–302  
 intracranial complications , 301, 303  
 left frontal sinusitis , 298–299, 301  
 orbital and brain abscesses , 298, 300–302  
 radiological diagnosis , 298  
 sinogenic orbital periosteal abscess , 298–299, 301  
 sinogenic septic thrombosis , 298, 300, 301  
 sinogenic subdural empyema , 300–301  

 aspergillosis , 304  
 choanal polyps , 317–318  
 chronic allergic fungal rhinosinusitis 

 allergic mucin , 307  
 chronic reactive sclerosis , 309  
 extrasinus extension , 309  
 fungal ball , 308  
 iron and manganese , 310  
 reactive granulations , 309–310  
 soft tissue obliteration , 307–309  

 CRS 
 chronic bilateral maxillary sinusitis , 305–306  
 periosteal bone formation , 305–306  
 polypoid mucosal thickening , 306–307  
 with polyposis , 306–307  
 superimposed presumed suppurative infection , 305  

 mucoceles , 311–314  
 nasal polyps 

 aspirin sensitivity , 315–316  
 hemangioma , 316–317  
 inverted papilloma  vs.  carcinoma , 316  
 mass lesion , 314  
 nasal schwannoma , 316  

 normal and anatomic variations , 297  
 odontogenic keratocyst , 318–319  
 retention cysts , 317  
 sinonasal tumors , 319–321  

   Malignant tumors 
 adenocarcinoma , 543–544  
 chondrosarcoma , 548  
 glomangiopericytoma , 549  
 melanoma , 545–546  
 nasopharyngeal carcinoma , 546  
 osteosarcoma , 547  
 sarcoma , 546–547  
 SCC and ACC , 543  
 sinonasal neuroendocrine tumors , 544–545  
 synovial sarcoma , 548–549  
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   Mannose-binding lectin (MBL) defi ciency , 64  
   Mast cells, nasal cytology , 334–335  
   Maxillary antrostomy, MIST , 402  
   Maxillary infundibulum , 11, 25  
   Maxillary rhinosinusitis, acute , 100  
   Maxillary sinus , 215, 281  

 bone defect , 580, 582  
 Caldwell-Luc   ( see  Caldwell-Luc technique) 
 canine fossa trephination , 472  
 clinical implications 

 accessory maxillary sinus ostia , 10, 24, 29  
 membranous meatus/fontanelle , 29  
 nasolacrimal duct , 29  
 natural ostium , 10–12, 29–30  
 silent sinus syndrome , 29  
 sinus lift operations , 28  

 development and functional anatomy 
 adult human crania , 27  
 embryologic pattern of development , 27  
 mucosal evagination , 26–27  
 pyramidal-shaped cavity , 26  
 residual maxillary cavity , 27–28  

 drainage pathways , 76–79  
 mucoceles , 524  
 orbital fl oor fractures , 580, 582, 583  
 ostium of , 434  
 paranasal , 580, 582–583  
 trauma , 563–564  
 ultrasonography , 507, 508  

   Maxillectomy 
 endoscopic medial , 531  
 external/open medial , 530–531  
 radical , 550, 552  

   Maxillofacial fractures 
 age distribution , 557, 559  
 causes , 557, 558  
 concomitant corporeal lesion , 557, 559  

   Membranous meatus/fontanelle , 29  
   Merocel ™  , 441  
   Methicillin-resistant  Staphylococcus aureus  (MRSA) , 115, 363  
   Microbial resistance , 53  
   Microdebrider instrument , 436–437  
   Microscopic polyangiitis , 257  
   Middle turbinate 

 anatomy , 279  
 lateralisation, endoscopic sinus surgery , 472  
 surgery, chronic rhinosinusitis , 457, 459  

   Migraine , 212  
   Minimally invasive sinus technique (MIST) 

 balloon catheter sinusotomy , 408  
 and FESS , 407–408  
 frontal sinus surgery , 403  
 maxillary antrostomy , 402  
 mucosal disease , 401–402  
 nitric oxide , 402–403  
 postoperative care , 406  
 powered instrumentation , 402  
 procedure for 

 bio-absorbable sponge , 405, 407  
 ethmoid bullae removal , 405, 406  
 hiatus semilunaris superioris , 403–405  
 middle turbinate , 403, 404  
 powered instrumentation , 404, 405  
 uncinate process , 403, 404  

 transition space theory , 401  
 turbinate resection , 403  

   Miosis , 212  
   Mometasone furoate 200 mcg , 373  
   Monocytes, nasal cytology , 335–336  
   Mononuclear cells, nasal cytology , 335–336  
    Moraxella catarrhalis  

 ABRS 
 in adults , 99, 100  
 in children , 92, 93  

 bacterial biofi lms , 111  
   MRI.    See  Magnetic resonance imaging (MRI) 
   Mucoceles 

 acquired sinonasal lesions , 523–524  
 CT scan , 312–314  
 ethmoidal labyrinth , 311  
 frontoethmoidal region , 505  
 left frontal sinus , 312–313  
 MRI images , 312–314  

   Mucociliary clearance , 49–50  
   Mucociliary transport 

 charcoal carbon test , 338  
 ciliary dyskinesias , 337  
 cilia ultrastructure , 339–340  
 defi nition of , 336  
 functional screening assays , 338  
 Kartagener’s syndrome , 337  
 rhinoscintigraphy , 338–339  
 saccharin granule test , 338  
 viscoelasticity property , 337  

   Mucolytics, ABRS , 368  
   Mucosal biofi lms , 114  
   Mucous retention cysts , 523  
   Mupirocin , 115  

    N 
  Nasal congestion , 163  
   Nasal/contact point headache , 218–220  
   Nasal corticosteroids 

 in CRSsNP , 376  
 in CRSwNP , 376–377  
 mechanism of action , 374–376  
 medical management, CRS , 373  
 pharmacologic properties , 374–376  

   Nasal cytology 
 basophils , 334, 335  
 biopsy of , 328–330  
 brushing procedure , 326–327  
 ciliocytophthoria , 336, 337  
 clinical examinination , 324, 326  
 eosinophils , 333–334  
 goblet cells , 332, 333  
 grading system , 330, 331  
 mast cells , 334–335  
 mononuclear cells , 335–336  
 mucosa and submucosa , 323–325  
 nasal cavity , 324–326  
 neutrophils , 333  
 non-squamous epithelial cells , 332, 333  
 nose blowing procedure , 324–326  
 quantitative/qualitative analysis , 331  
 scraping technique , 327–329  
 squamous epithelial cells , 331  
 swabbing procedure , 325–326  
 uses of , 323, 324  
 Wright-Giemsa staining technique , 

329, 330  
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   Nasal dermoid cysts , 519–520  
   Nasal dermoid sinus , 519–520  
   Nasal douching, ABRS , 368–369  
   Nasal encephaloceles , 521–522  
   Nasal endoscopy 

 chronic rhinosinusitis , 430, 431, 435–436  
 decongestion/anesthesia , 287–288  
 “distal chip” scopes , 289  
 ethmoid sinuses , 292  
 indications , 278  
 osteomeatal complex , 292  
 pathologies 

 nasal mucosa , 282  
 nasal septum , 283–284  
 nasopharynx , 285  
 oropharynx, hypopharynx, and larynx , 287  
 rhinosinusitis , 286–287  
 sinonasal neoplasms , 287  
 sinonasal polyposis , 286  
 turbinates , 284  

 patient positioning , 289  
 in pediatric patients , 293  
 posterior edge of torus tubarius , 290–291  
 scope position , 289–290  
 sphenoethmoidal recess , 291  

   Nasal functions 
 cytology   ( see  Nasal cytology) 
 mucociliary transport 

 charcoal carbon test , 338  
 ciliary dyskinesias , 337  
 cilia ultrastructure , 339–340  
 defi nition of , 336  
 functional screening assays , 338  
 Kartagener’s syndrome , 337  
 rhinoscintigraphy , 338–339  
 saccharin granule test , 338  
 viscoelasticity property , 337  

 olfaction   ( see  Olfactory assessment) 
 rhinometric methods   ( see  Rhinometry, nasal airway 

patency) 
   Nasal gliomas , 520–521  
   Nasal infl ammation , 45  
   Nasal mucosa , 282  
   Nasal polyps , 142  

 aspirin sensitivity , 315–316  
 asthma , 183–184  
 hemangioma , 316–317  
 inverted papilloma  vs.  carcinoma , 316  
 mass lesion , 314  
 nasal schwannoma , 316  

   Nasal saline irrigation, CRS , 379–380  
   Nasal septum 

 deviated septum , 73  
 large septal perforation , 283  
 perpendicular ethmoid plate , 278–279  
 septal deformity , 73, 75  
 septal deviation , 73, 74  
 septal perforation , 75  
 and turbinates , 47–48  

   Nasal tumors , 143  
   Nasal valve and airfl ow , 47–48  
   Nasodren , 369  
   Nasolacrimal duct cysts , 522  
   Nasopharynx , 52, 280, 285  
   Natural ostium , 10–12, 29–30  
   Neti Pot ™  , 443  

   Neutrophils, nasal cytology , 333  
   Nitric oxide (NO), MIST , 402–403  
   Nonallergic rhinitis 

 atrophic rhinitis , 137–138  
 drug-induced rhinitis , 137  
 eosinophilia syndrome , 136  
 food and alcohol ingestion , 136  
 hormonal rhinitis , 136–137  
 infectious rhinitis , 138  
 infl ammatory and noninfl ammatory causes , 135–136  
 rhinitis medicamentosa , 137  
 vasomotor/idiopathic rhinitis , 136  
 work-related/occupational rhinitis , 138–140  

   Non-ANCA-associated vasculitis 
 Behcet’s disease , 260–262  
 idiopathic midline destructive disease , 268  
 rheumatoid arthritis , 259–260  
 sarcoidosis 

 clinical overview , 263, 265–267  
 description , 263–264  
 pathogenesis , 263  
 treatment , 266  

 Sjögren’s syndrome , 257–259  
 systemic lupus erythematosus , 261–262  

   Non-migrainous headache syndromes , 430  
   Non-squamous epithelial cells, nasal cytology , 332, 333  
   Nonsteroidal anti-infl ammatory drugs (NSAIDs), ABRS , 

367, 368  
   Nose and paranasal sinuses 

 accessory ethmoid cells   ( see  Accessory ethmoid cells) 
 adenoid , 83, 84  
 anatomy , 535, 536  

 external nose , 46–47  
 histology , 48–49  
 history , 4–5  
 lymphatics , 51  
 mucociliary clearance , 49–50  
 nasal septum and turbinates , 47–48  
 nasal valve and airfl ow , 47–48  
 nervous system , 51–52  
 vasculature , 50–51  
 vestibule , 46–47  

 benign tumors   ( see  Benign tumors) 
 biopsy , 539  
 ethmoid sinus   ( see  Ethmoid sinus) 
 frontal sinus 

 clinical commentary , 34–35  
 clinical implications , 32–33  
 development and functional anatomy , 

30–32  
 drainage pathways , 76–79  

 history , 535, 536  
 humoral adaptive immune response , 53  
 hypothesized functions , 6–7  
 imaging , 537–539  
 innate immune responses , 52–53  
 malignant tumors   ( see  Malignant tumors) 
 maxillary sinus   ( see  Maxillary sinus) 
 metastases , 550  
 middle turbinate variants , 76, 77  
 nasal septum , 73–75  
 oroantral fi stula , 84, 85  
 pathogenesis of chronic rhinosinusitis , 53–54  
 phylogeny and ontogeny , 45–46  
 physical examination , 536–537  
 scanning electron microscopy , 83, 84  
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 sinus pneumatization , 80–83  
 sphenoid sinus 

 clinical implications , 36, 38–39  
 development and functional anatomy , 28, 35–39  

 surgery 
 anterolateral thigh free fl ap reconstruction , 550, 552  
 lateral rhinotomy and bicoronal incision , 550, 551  

 unilateral maxillary sinusitis , 84, 85  
   Nose blowing procedure , 324–326  

    O 
  Odontogenic keratocyst , 318–319  
   Odontogenic sinusitis , 84  
   Odorant-binding proteins , 52  
   Olfactory assessment , 349–350  

 Brief Smell Identifi cation Test , 352, 353  
 endoscopic sinus surgery , 473  
 medications/substances , 351–352  
 and nasal/sinus pathology , 351, 352  
 pediatric smell test , 352, 353  
 physiology , 350  
 Pocket Smell Test , 351–353  
 scratch and sniff style screening tests , 351  
 sense of smell , 353–354  
 UPSIT , 352–354  

   Olfactory meningioma , 319–320  
   Olfactory neuroblastoma , 544  
   Onodi cells 

 optic nerve , 26  
 orbital injury , 469  
 sphenoid sinus , 80, 81  

   Oral corticosteroids, ABRS , 367  
   Orbital abscess formation , 512  
   Orbital cellulitis , 502  
   Orbital injury, endoscopic sinus surgery , 468–470  
   Oroantral fi stula , 84–85  
   Oropharynx , 280, 287  
   Osmophobia , 212  
   Ossifying fi broma , 541  
   Osteitic bone , 498, 501  
   Osteomeatal complex (OMC) , 280  
   Osteosarcoma , 547  

    P 
  Panfacial trauma , 568, 580, 581  
   Papilloma 

 inverted , 527–529  
 sinonasal , 529  

   Paradoxical middle turbinate , 76, 77  
   Paranasal sinuses.    See also  Nose and paranasal sinuses 

 anterior ethmoid , 281–282  
 biofi lm formation , 113  
 blow-out fracture , 562, 563  
 brain injury , 557, 558  
 buttresses , 557, 560  
 complex midface trauma , 561, 562  
 CT   ( see  Computed tomography (CT)) 
 diagnosis 

 anterior rhinoscopy   ( see  Anterior 
rhinoscopy) 

 double halo sign , 569, 570  
 enophthalmus , 569, 570  
 nasal endoscopy   ( see  Nasal endoscopy) 
 panda eyes , 568, 569  

 panfacial trauma , 568  
 pig snout deformity , 568, 569  

 epidemiology , 557–559  
 ethmoidal , 565–567, 584–585  
 frontal   ( see  Frontal sinus) 
 imaging 

 conventional x-rays , 571, 574  
 CT scan , 574–576  

 Le Fort classifi cation , 559–562  
 management 

 bicoronal approach , 579, 580  
 epistaxis , 574, 577  
 intermaxillary fi xation , 574, 578  
 intraoral approach , 579, 580  
 submental intubation , 579  
 surgical access , 579  
 tracheotomy/cricothyrotomy , 574, 577  
 zygomatic fracture , 574, 578  

 maxillary   ( see  Maxillary sinus) 
 midface subunits , 561, 562  
 MRI   ( see  Magnetic resonance imaging (MRI)) 
 posterior ethmoid , 282  
 risk of radiation, imaging , 296–297  
 sphenoid , 282, 567, 585  

   Parasympathetic fi bers , 209  
   Paroxysmal hemicrania , 213–214  
   Pathogen-associated molecular patterns (PAMPs) , 63  
   Pattern recognition receptors (PRRs) , 63–64  
   PCV-7.    See  7-Valent pneumococcal conjugate vaccine (PCV-7) 
   Pediatric smell test, olfactory assessment , 352, 353  
   Phonophobia , 212  
   Photophobia , 212  
   Pig snout deformity , 568, 569  
   Pocket Smell Test, olfactory assessment , 351–353  
   Posterior ethmoid cells , 10, 11, 20, 21, 26  
   Posterior orbital cellulitis , 504  
   Postnasal drip , 212  
   Primary ciliary dyskinesia (PCD) , 143, 339, 340   
  Primary immune defi ciency diseases (PID) 

 adaptive immune response,  225  
 B cells,  225–227  
 clinical clues,  242–243  
 clinical features 

 B cell developmental defects,  225–227, 229  
 B cell maturation,  229–233  
 IgA,  235–238  
 IgG subclass,  233, 235  
 secondary,  238, 239  

 CRS patients 
 clinical clues,  239  
 isohemagglutinins,  241  
 Pneumovax Rx,  240  
 pre-immunization,  240, 241  
 warning signs,  238, 239  

 gene mutations,  242  
 human body,  224–225  
 human immune system,  224  
 PAD disorders 

 gene mutations,  242  
 infection,  228–229  
 organ-specifi c complication,  227, 228  

 treatment,  241–242   
  Prostaglandin E receptor , 199  
    Pseudomonas aeruginosa , biofi lms , 111–113, 115  
   Ptosis , 209  
   Pulmicort Flexhaler ®  , 376, 377  
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    Q 
  Quorum sensing mechanism, biofi lms , 109, 115  

    R 
  Radical maxillectomy , 550, 552  
   Radiology, FESS 

 agger nasi , 433, 434  
 anatomic features , 435  
 CT evaluation , 430–434  
 ethmoid bulla , 433, 434  
 ethmoid infundibulum , 434  
 frontal sinus disease , 431, 433, 434  
 maxillary sinus , 434  
 nippling form , 434  
 ostiomeatal complex , 431, 432  
 recurrent/persistent bilateral ethmoid disease , 432  
 sphenoid sinus , 434  
 uncinate process , 434  

   Reactive upper airways dysfunction syndrome (RUDS) , 139  
   REAH.    See  Respiratory adenomatoid epithelial hamartoma (REAH) 
   Recurrent acute rhinosinusitis , 426  
   Referred pain , 210–211  
   Relapsing polychondritis (RPC) , 141  
   Respiratory adenomatoid epithelial hamartoma (REAH) , 525–526  
   Retention cysts , 317  
   Rheumatoid arthritis , 259–260  
   Rhinitis 

 differential diagnosis 
 allergic , 134–135  
 anatomic abnormalities , 142  
 ciliary dysfunction , 143  
 CSF rhinorrhea , 143  
 foreign body , 142  
 infl ammatory/immunologic disorders , 140–142  
 laryngopharyngeal/pharyngonasal refl ux , 143  
 nasal polyps , 142  
 nasal symptoms , 133–134  
 nasal tumors , 143  
 nonallergic   ( see  Nonallergic rhinitis) 
 patient evaluation , 148–149  

 medicamentosa , 137, 368  
   Rhinolith , 311  
   Rhinometry, nasal airway patency 

 acoustic rhinometry   ( see  Acoustic rhinometry) 
 objective measures of , 341  
 rhinomanometry 

 airfl ow/pressure measurements , 342–344  
 anterior rhinomanometry , 342  
 Connell rhinomanometer , 341  
 in septal deviation , 343, 346, 347  
 uses of , 340–341  

   Rhinoprobe, scraping technique , 327–329  
   Rhinorrhea , 219  
   Rhinoscintigraphy, mucociliary transport , 338–339  
   Rhinosinusitis , 286–287  

 ABRS   ( see  Acute bacterial rhinosinusitis (ABRS)) 
 in adults , 102–106  
 asthma , 178  
 in children , 93–95  
 defi nition of , 397  
 differential diagnosis 

 acute , 144–145  
 chronic , 145–147  
 fungal , 146, 148  
 patient evaluation , 148–149  

 recurrent , 145  
 symptoms , 143–144  

 rhinitis , 178  
 RSTF diagnosis of , 396–397  
 subacute 

 in adults , 101–102  
 in children , 93–94  

 surgical management 
 adenoidectomy , 412–413  
 antral lavage , 413  
 antrochoanal polyps , 420  
 cystic fi brosis , 419  
 endoscopic sinus surgery , 413–418  
 orbital infections , 418–419  

 upper and lower airway infection , 178  
 with and without polyps in adults   ( see  Functional endoscopic 

sinus surgery (FESS)) 

    S 
  Saccharin granule test, mucociliary transport , 338  
   Saline nasal irrigation, ABRS , 368–369  
   Saprophytic fungal infections , 105  
   Sarcoidosis 

 clinical overview , 263, 265–267  
 criteria for diagnosis , 140–141  
 description , 263–264  
 pathogenesis , 263  
 treatment , 266  

   Sarcoma 
 chondrosarcoma , 548  
 osteosarcoma , 547  
 synovial , 548–549  

   Scanning electron microscopy (SEM), biofi lms , 112, 113  
   Schneiderian papillomas.    See  Sinonasal papillomas 
   Scraping technique, nasal cytology , 327–329  
   Scratch and sniff style screening tests, olfactory assessment , 351  
   Secretoglobins , 68  
   Semilunar hiatus , 281  
   Serine protease inhibitor Kazal-type 5 (SPINK5) , 61–62  
   Seromucinous hamartoma.    See  Glandular hamartoma 
   Silent sinus syndrome , 29, 311–312  
   Single airway hypothesis.    See  Lower airway infection; Upper airway 

infection 
   Sinonasal anatomy 

 diagnosis 
 anterior rhinoscopy   ( see  Anterior rhinoscopy) 
 nasal endoscopy   ( see  Nasal endoscopy) 

 ethmoid bulla , 280  
 inferior turbinate , 279  
 middle turbinate , 279  
 nasal septum , 278–279  
 nasal vestibule, pyriform aperture, and anterior 

nasal valve , 278  
 nasopharynx , 280  
 oropharynx, hypopharynx, and larynx , 280  
 spaces and clefts , 280–281  
 superior turbinate , 280  
 uncinate process , 279  

   Sinonasal neoplasms , 287  
   Sinonasal neuroendocrine tumors 

 olfactory neuroblastoma , 544  
 SNUC and SNEC , 545  

   Sinonasal papillomas , 526–527  
   Sinonasal polyposis , 286  
   Sinuforte.    See  Nasodren 
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   Sinupret ®  , 369  
   Sinus aspiration procedure, acute bacterial sinusitis , 89–90  
   Sinus pneumatization 

 congenital bony dehiscences , 82, 83  
 cystic fi brosis , 81, 82  
 extreme hyperpneumatization , 82  
 infectious complications , 82, 83  

   Sinus puncture, acute bacterial sinusitis , 89–90  
   Sjögren’s syndrome , 140, 257–259  
   Sphenoethmoidal recess , 281  
   Sphenoid sinus , 282  

 clinical implications , 36, 38–39  
 development and functional anatomy 

 internal carotid artery , 28, 35–37  
 intersinus septum , 35  
 sixth nerve palsy , 36, 39  
 Vidian nerve , 28, 37–38  

 headache and neurologic symptoms , 216–218  
 mucoceles , 524  
 ostium of , 434  
 paranasal , 585  
 trauma , 567  

   Sphenopalatine artery (SPA) , 465  
   Sphenopalatine ganglion , 214  
   S100 protein genes , 61  
   Squamous cell carcinoma , 319–320, 543  
   Squamous epithelial cells, nasal cytology , 331  
    Staphylococcus aureus  

 ABRS 
 in adults , 101  
 in children , 91  

 bacterial biofi lms , 111  
    Staphylococcus superantigens  , 64–65  
   Steroids, chronic rhinosinusitis , 378  
    Streptococcus pneumoniae  

 ABRS 
 in adults , 99–101  
 in children , 92, 93  

 bacterial biofi lms , 111  
   Subacute rhinosinusitis 

 in adults , 101–102  
 in children 

 complications , 93–94  
 defi nition of , 94  
 microbiology of , 94  

   Subcutaneous immunotherapy (SCIT), ABRS , 369  
   Superior turbinate , 280  
   Supraorbital ethmoid cells , 21  
   Surfactant therapy, biofi lms , 115  
   Swabbing procedure, nasal cytology , 325–326  
   Synovial sarcoma , 548–549  
   Systemic lupus erythematosus (SLE) , 261–262  

    T 
  Three-pass technique, FESS , 430, 431  
   Thromboxane A2 receptor , 199  
   Thymic stromal lymphopoietin (TSLP) , 62  
   Toll-like receptors (TLRs) , 52  
   Total intravenous anesthesia (TIVA), FESS , 

399–400  
   Tracheotomy/cricothyrotomy , 574, 577  
   Transforming growth factor (TGF) , 63  
   Transition space theory, MIST , 401  
   Transmission electron microscopy (TEM), 

biofi lms , 113  

   Trauma 
 complex midface , 561, 562  
 ethmoidal sinus , 565–567  
 frontal sinus , 563, 565–566  
 maxillary sinus , 563–564  
 panfacial , 580, 581  
 sphenoidal sinus , 567  

   Trigeminal autonomic cephalalgias (TAC) , 
212–214  

   Trigeminal neuralgia , 214  
   Turbinates , 284  

    U 
  Uncinate process , 279  
   Uncinectomy, FESS , 439  
   Unifi ed airway hypothesis.    See  Lower airway infection; 

Upper airway infection 
   Unilateral maxillary sinusitis , 84–85  
   University of Pennsylvania Smell Identifi cation Test (UPSIT) , 

352–354  
   Upper airway infection 

 AERD , 184–185  
 allergen exposure , 181–182  
 asthma 

 chronic rhinosinusitis , 183  
 nasal polyps , 183–184  

 autoimmune diseases , 185  
 bronchoprovocation effects , 182  
 cellular and histological characteristics , 

179–180  
 functions of nose , 179–180  
 fungi , 183  
 gastroesophageal refl ux , 186  
 gravitational factors and postnasal drainage , 184–185  
 infl ammatory changes , 180–181  
 laryngitis , 186  
 nasobronchial and nasopharyngeal refl ex , 184  
 rhinosinusitis , 178  
 schematic representation , 178–179  
 viral respiratory diseases , 182–183  

    V 
  7-Valent pneumococcal conjugate vaccine 

(PCV-7) , 92  
   Vancenase ®  , 377  
   Vasculature , 50–51  
   Vasomotor/idiopathic rhinitis , 136  
   Vestibule , 46–47  
   Vidian nerve , 28, 37–38  
   Viral respiratory diseases , 182–183  

    W 
  Wegener granulomatosis , 140  
   Work-related/occupational rhinitis , 138–140  
   Wright-Giemsa staining technique , 329, 330    

  X 
  X-linked agammaglobulinemia.  See  Bruton’s disease   

  Z 
  Zygomatic fracture , 574, 578         
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