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ABSTRACT 
 

Background: 

Allergic fungal rhinosinusitis (AFRS) is a type of non-invasive fungal sinusitis. An IgE 

mediated allergic pathogenesis has been proposed for AFRS. The association between IgE levels 

and endoscopic evidence of disease in patients on follow up after surgical excision of disease has 

not been studied well. In our study, we followed up patients with AFRS who have undergone  

functional endoscopic sinus surgery and correlated endoscopic appearance (Kupferberg staging) 

with pre and postoperative total serum IgE levels. 

Aims and Objectives: 

Aim: 

1) The aim of the study was to ascertain pre- and postoperative total serum IgE levels in patients 

with AFRS and correlate the changes in endoscopic appearence postoperatively with these 

levels following therapy. 

2) To determine whether serum total IgE level may be used as a prognostic indicator of disease 

stage in patients who had undergone functional endoscopic sinus surgery for AFRS. 
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Objectives: 

1) To ascertain preoperative endoscopic grading (Kupferberg stage) as well as total serum IgE 

levels in patients with clinical and histological characteristics of AFRS 

2) To ascertain the postoperative endoscopic grading (Kupferberg stage) as well as total serum IgE 

levels in those patients with AFRS who underwent endoscopic sinus surgery 

3) To assess changes in endoscopic staging and total serum IgE levels in patients with AFRS who 

had undergone endoscopic sinus surgery 

4)  To ascertain the sensitivity of total serum IgE level in predicting the disease stage in patients 

with AFRS on postoperative follow up.  

Methodology: 

The study was a prospective observational study.  Patients diagnosed with AFRS by standard 

criteria were recruited for the study. Preoperative endoscopic staging was done along with total 

serum IgE levels and skin allergy test for all patients. Postoperatively the patients underwent repeat 

endoscopy and serum IgE level testing at 3 to 6 months follow up. Statistical analysis was 

performed to note the sensitivity, specificity and positive and negative predictive value of total 

serum IgE in predicting disease stage.  

Results: 

 We had 34 patients in the age group of 21 -57 years in the study. The majority of the 

patients in the study group were males (61.8%). Coincident allergic rhinitis was seen in 16 patients 
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(47.1%). Twenty seven (84.4%) patients had allergy to dust mite and 17(53%) were allergic to 

various fungal species. Four (11.8%) out of 34 patients had history of bronchial asthma. In our study 

27 of 34 patients had a fall in postoperative total serum IgE levels when compared to their 

preoperative values. Twenty one of these patients had stage 0 disease on their postoperative rigid 

nasal endoscopy and 6 patients had stage 1 or 2 disease. The sensitivity of total serum IgE levels in 

this study was, therefore, 84%. Seven patients had a rise in serum IgE levels postoperatively. Of 

these, 4 patients had stage 0 disease, while 3 had stage 1 disease. The specificity of total serum IgE 

level was only 33.3% in our study. The positive predictive value and negative predictive value of 

total serum IgE was found to be 77.78% and 42.86% respectively. 

Conclusion: 

 This study on patients with AFRS who underwent total serum IgE estimation and rigid 

nasal endoscopy both pre and post operatively shows that total serum IgE levels is a reasonably 

good prognostic indicator in patients with AFRS. However, the test has low specificity. A 

combination of both total serum IgE levels and clinical findings may be ideal for prognostication for 

the individual patients with AFRS. 

 

Keywords: Serum IgE, AFRS , Skin allergy test 
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Introduction 

 

Allergic fungal rhinosinusitis (AFRS) is a type of non-invasive fungal sinusitis whose 

diagnosis is based on several well defined criteria.(1) This entity was first reported by Millar in 

1981(2) and Katzenstein in 1983.(3) The fungi associated with the disease are Aspergillus species 

and dematiaceous fungi like Alternaria, Bipolaris, Curvularia and Drescherella. In the Indian 

subcontinent, the major species isolated is Aspergillus.(4) AFRS accounts for 6-8% of all chronic 

sinusitis requiring surgical interventions.(1) A warm and humid climate amplifies the disease 

prevalence.  

Clinically, patients present with nasal obstruction, nasal discharge, facial pain, headache and 

anosmia. Many authors have described nasal obstruction and polyposis as the main presenting 

features in AFRS. (3,5) They can also present with proptosis and telecanthus due to extension of 

disease into the orbit and periorbital region or pressure on the medial orbital structures. (6) 

Extension intracranially has also been described. (3,6) The process of extrasinus extension 

commences with bony expansion and remodeling, eventually causing bone erosion.  

One of the most unique features in the clinical presentation of the disease is the presence of 

allergic mucin which macroscopically has a “peanut butter” like appearance. Some patients 

complain of extrusion of such mucus plugs periodically during the course of the disease. 

Histologically, too, allergic mucin has a distinctive appearance. 
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An IgE mediated allergic pathogenesis has been proposed for AFRS. (3) While total serum 

IgE levels are elevated in the disease, fungal specific IgE levels may also be elevated. The 

association between IgE levels and endoscopic evidence of disease in patients on follow up after 

surgical excision of disease has been less well studied. If such an association is found, it would help 

to avoid unnecessary radiological studies to assess the presence of disease, particularly if 

endoscopic appearances are equivocal or a complete endoscopic assessment is difficult. The present 

study, therefore, aims to follow up patients with AFRS who have undergo surgery and correlate 

endoscopic appearance with serum total IgE levels. 
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Review of literature 
 

  A review of the literature on the subject will be conducted under the following headings: 

1. Anatomy of the nose and paranasal sinuses 

2. Pathogenesis of sinonasal allergy 

3. Allergic fungal rhinosinusitis 

a) Definition  

b) Clinical features 

c) Radiological features 

d) Histopathology 

e) Pathophysiology 

f) Fungi implicated in AFRS 

g) Evaluation of AFRS 

h) Bent and Kuhn diagnostic criteria 

i) Role of IgE in the diagnostic and prognostic indicator of AFRS 

j) Treatment of AFRS 

k) Postoperative follow up and monitoring of disease 
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Anatomy of the nose and paranasal sinuses 

 

The nose is a paired structure which is divided into two chambers and act as a functional unit. 

It is an important sense organ in the body and it performs two main functions. It can act both as a 

respiratory passage as well as organ of smell. The nasal cavity extends from the nostrils to the 

posterior nasal apertures and is sub-divided into right and left halves by the nasal septum. Each half 

of the nasal cavity has a roof, floor, and medial and lateral walls. Each half measures 5 cm in height, 

5-7 cm in length, and 1.5cm in width near the floor. 

 

The lateral nasal wall (Fig. 1)  

The lateral nasal wall consists of the inferior, middle and superior turbinate‟s and 

occasionally the fourth, supreme turbinate along with the spaces lying inferior and lateral to the 

turbinates called the meati. The inferior meatus, the largest meatus extending almost the entire 

length of the nasal cavity receives the opening of the nasolacrimal duct guarded by a small mucosal 

fold. The middle meatus receives drainage from the frontal, maxillary and anterior ethmoid sinuses. 

The membranous area lying anterior and posterior to the uncinate constitutes the fontanelles where 

the accessory ostia are often found. (7) 
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                                      Figure 1 The lateral wall of the nose 
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Paranasal sinuses (Fig. 2) 

Paranasal sinuses are air filled spaces found in the skull bones. They are: 

1. Ethmoid sinuses 

2. Frontal sinuses  

3. Maxillary sinuses 

4. Sphenoid sinuses 

The frontal, maxillary and anterior ethmoid sinuses open into the middle meatus while the 

posterior ethmoid and sphenoid sinuses open into the superior meatus and sphenoethmoidal recess 

respectively. 

 

Ethmoid sinuses: 

These sinuses are made up of a complex bony labyrinth and consist of the anterior and 

posterior ethmoid sinuses. In adults 6 -10 ethmoid cells may be present. These sinuses are separated 

from the orbit by the paper thin lamina papyraceae which may often be defective in certain parts 

leading to direct spread of infection into the orbit. The posterior groups of ethmoid sinuses are also 

closely related to the sphenoid sinuses which in turn are closely related to the cavernous sinus and 

middle cranial fossa. The ethmoid sinuses are one of the commonest sites of involvement by AFRS. 

(8)The disease causes expansion of the sinuses towards the orbit with eventual erosion of the lamina 

papyreacea and intra orbital extension. The disease can also extend medially to the nasal cavity and 

push the middle turbinate and septum to the opposite side. (Fig. 3a)  
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                                    Figure 2 Location of the paranasal sinuses 

 



P a g e  | 28 
 

 

 

 

Figure 3a Coronal view of CT paranasal sinus showing septum being pushed to the opposite 

side 

 

 

 

          

             Figure 3b Coronal view of CT paranasal sinus showing widened osteomeatal complex 
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If the roof of the ethmoids is eroded by the disease, the dura mater of the anterior cranial fossa is 

exposed. 

 

Ethmoidal infundibulum 

The ethmoidal infundibulum is a three dimensional space in the lateral wall. The medial wall 

is provided by the uncinate and its mucosal covering and the lateral wall by the lamina papyracea of 

the orbit. The configuration of the ethmoidal infundibulum depends on the attachment of the 

uncinate process. If the uncinate attaches laterally to the lamina, then the ethmoidal infundibulum 

ends in a blind alley and the frontal recess and ethmoids opens separately. If the uncinate attaches to 

the skull base superiorly or to the middle turbinate medially, then the frontal recess and ethmoids 

have a common drainage. 

 

Hiatus semilunaris (of Grunwald): 

It is a 2 dimensional structure in the middle meatus lying between the posterior margin of 

uncinate process and anterior part of ethmoidal bulla which leads to the 3 dimensional ethmoidal 

infundibulum. 

Agger nasi  

It is the anterior most part of the ethmoid and is a crest in the lateral wall anterior to the 

attachment of the middle turbinate and may be pneumatised. 
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Ethmoidal bulla  

Ethmoidal bulla is one of the most constant features of the middle meatus. The space 

between the posterior wall of bulla and basal lamella is called the retrobullar recess. The space 

between the roof of ethmoids and bulla is called the suprabullar recess. 

Maxillary sinus  

These paired sinuses lie under the cheek. They are the largest of the group of paranasal 

sinuses. The maxillary sinus is pyramidal in shape with its base forming the medial wall. Other 

walls include the anterolateral wall, posterior wall, roof and the alveolar process. 

When allergic fungal sinusitis affects the maxillary sinus, the disease tends to expand the 

medial wall. There is widening of the middle meatus with or without erosion (Fig. 3b). The disease 

may also erode through the roof of the maxillary sinus to the orbit. 

 

Frontal sinus  

The frontal sinus is the most variable sinus in terms of size and shape and drains into the 

anterior part of the middle meatus through the frontonasal duct. The posterior wall is formed by the 

anterior wall of anterior cranial fossa. The floor is formed by the roof of the orbits. The sinus 

mucosa, marrow cavity, and frontal bone share common venous drainage through the valveless 

diploic veins.  
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When the frontal sinus is involved by the AFRS, it is usually in associated with involvement 

of ipsilateral ethmoid sinuses. The disease may cause expansion and erosion of the floor of the 

frontal sinus towards the orbit. 

The disease may also expand and erode the posterior wall of frontal sinus with exposure of 

the dura mater of the anterior cranial fossa. (Fig. 4)  

 

Sphenoid sinus:  

The sphenoid sinuses can vary in size. Each of these sinuses are separated by an inter 

sinus septum. The pituitary gland lies superiorly, the internal carotid artery and optic nerve lie in 

the lateral wall and the nerve of pterygoid canal lies in the floor of the sinus. The cavernous sinus 

along with its contents lie in relation to the lateral wall. The sphenoid sinus drain in into the 

sphenoethmoid recess which lies between superior meatus and septum. (9) The pneumatization 

pattern of these sphenoid sinus can be variable which includes sellar, presellar and conchal 

pneumatization patterns. The sphenoid sinus can also pneumatize laterally into the pterygoid root 

resulting in the presence of lateral sphenoid recess. When AFRS involves the sphenoid sinus, the 

disease can erode the roof and lateral wall. When the roof is eroded the dura mater of the middle 

cranial fossa may be exposed. When the lateral wall is eroded, the disease lies in close relation to 

cavernous sinus and cranial nerves. 
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             Figure 4 AFRS causing erosion of anterior skull base (white arrows) 
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Histology of the nasal cavity (Fig. 5) 

The lateral wall is covered with ciliated and non-ciliated columnar respiratory epithelium. 

The cilia have the classical structure of two central single microtubules with nine peripheral 

doublets. The nasal cavity has an abundance of seromucinous glands which produce mucus whereas, 

the sinuses have many goblet cells which are responsible for mucus production. The area in the roof 

of nose in the cribriform plate region is covered by olfactory epithelium.  

Pathophysiology of sinonasal allergy 

 

The pathophysiology of allergic mechanism is a complex process which includes various cell 

mediators, chemokines and adhesion molecules. It is an immediate hypersensitivity reaction that 

occurs rapidly after the interactions of the antigen with the IgE antibody that is bound on the surface 

of the mast cells in a sensitized host. This is a type 1 hypersensitivity reaction. The reaction is 

considered in 4 phases. 

1. Sensitization 

2. Early phase reaction 

3. Late phase reaction 

4. Systemic activation 
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                                       Figure 5  Histology of nasal cavity 
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Sensitization (Fig. 6a) 

Allergens are usually harmless environmental substances which do not elicit any reactions in 

non- atopic individuals. The sensitization phase is often initiated in the nasal mucosa when the 

antigen presenting cells which are predominately dentritic cells and Langerhans cells are stimulated 

by the allergen and break them into antigenic peptides which are then presented to epitope specific 

CD4 lymphocytes  (10). The activation of these antigen presenting cells is very important since they 

activate the T lymphocytes which are located in the local lymph nodes. The epithelial surface of the 

human nasal mucosa has the highest network of the dendritic cells numbering > 500 per mm
3
. The 

epitopes of the allergen are presented by the antigen presenting cells to the T cell lymphocytes in the 

local lymph nodes. The major histocompatibility complex (MHC) is a set of cell surface proteins 

which the epitopes of the allergens, bind to them and display them on the cell surface for 

recognition by T cells. In humans, the MHC is also called human leucocyte antigen (HLA). Th 2 

cells are lymphocytes which are a subset of T cells present in local lymph nodes which are produced 

by activated T cell lymphocytes. The stimulation of Th2 cells produces cytokines. The activated 

Th2 cells then stimulate B cells which also recognize the allergen through its epitope and MHC. The 

activated recognize B lymphocytes in the local tissues are stimulated to proliferate, form plasma 

cells and migrate into the lining of the nasal mucosa and produce IgE antibody. 
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                     Figure 6a The inflammatory cascade following exposure to an allergen 
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Early phase (Fig. 6b) 

Early allergic response is mast cell dependent. (11) On repeated exposure to allergens, the 

IgE coated mast cells increase in number and traverse the epithelium. They recognize the allergen 

and this results in degranulation of the mast cells and release of mediators of hypersensitivity. 

Products of this degranulation are preformed mediators like chymase, kininogenase and tryptase. 

Mast cells also secrete various inflammatory mediators such as prostaglandin D2 and 

sulfidopeptidyl leukotrines. These mediators are responsible for immediate vasodilatation, plasma 

exudation, mucosal odema and rhinorrhea. Histamine is the most important mediator. Its action on 

the sensory nerve endings causes itching and sneezing. Tryptase has potent enzymatic activity that 

breaks down kininogen from blood and results in the formation of potent enzymatic bradykinins 

which play a major role in acute plasma extravasation. Various glands within the nasal mucosa 

secrete mucoglycoconjugates and antimicrobial agents that causes sinusoidal filling and contributes 

to the sensation of nasal congestion and obstruction. 

 

Late response 

The late phase is predominately involving T cell activation, recruitment and activation of 

eosinophils. This is primarily an inflammatory response and includes variety of cells like 

macrophages, eosinophils, basophils, mast cells, T cells and neutrophils into the local reaction site. 

Late phase response causes nasal obstruction and hyperactivity. 
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Systemic activation (Fig. 6b) 

Sensitized individuals produce inflammatory response in both the upper and lower airway 

and increased bronchial activity. Allergen exposure causes a release of many inflammatory cells and 

few cells migrate to bone marrow and this recruits the inflammatory cells like eosinophils and 

basophils to the target organs.  This explains the increased incidence of asthma in patients with 

allergic sinonasal symptoms. 

 

Allergic fungal rhinosinusitis 

 

Definition 

 

AFRS is a chronic inflammatory disease of the paranasal sinuses which is triggered by an IgE 

mediated type 1 hypersensitivity reaction, to fungi and is characterized by the presence of 

inflammatory nasal polyps, allergic mucin, absence of tissue invasion and bony expansion or 

erosions. 

Pathophysiology (Flow chart 1) 

The pathophysiology and pathogenesis of AFRS is controversial. In the report by    

Katzenstein(3) in 1983, it was inferred that allergic fungal sinusitis is a type 1 and type 3 

hypersensitivity reaction to aspergillus based on serum immunoglobulin and fungal culture tests. 

(1,3,12) 
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                  Figure 6b Cellular response triggered by allergic response 
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Similarly Manning (13) also suggested that after an initial exposure to a fungal antigen, 

hypersensitivity reaction occurs resulting in a cycle of inflammation, polyp formation, sinus 

obstruction and bone erosion. The authors prospectively compared 8 patients with culture positive 

AFRS with the fungus Bipolaris to 10 control subjects without sinusitis. The Bipolaris specific IgE 

and IgG antibodies were measured by radio allegro sorbent test and enzyme linked immunosorbent 

assay. There was a significantly higher level of these antibodies in those patients with AFRS when 

compared to controls. These patients also had a positive skin allergic test to Bipolaris antigen. These 

findings suggested that allergy to fungal antigen is the precursor to the development of AFRS. The 

data by Stewart‟s (12) also showed a raised serum IgE and IgG levels in all their patients with 

AFRS as compared to patients with chronic sinusitis without allergic fungal sinusitis. 

Another important observation mainly in studies pertaining to patients in AFRS is that 

eosinophillic mediators (Th2 response) rather than neutrophilic mediators (Th1 response) are 

predominant in AFRS.(14,15)  Many years after the initial reports on AFRS, it was suggested that 

some patients with AFRS do not have underlying sinonasal allergy. Some authors (14,15) suggested 

that several patients with AFRS do not have an allergy towards a fungal antigen despite having 

eosinophilic mucin in the sinuses. In such patients the authors have shown that even though there is 

no evidence of systemic fungal allergy (as evidenced by raised IgE levels to the fungus and positive 

skin allergy test to the fungus), local  mucosal fungal allergy may be present.(14)  This was further 

collaborated by the study by Pant et al.(15)  Two studies(14,16) showed the presence of local 

mucosal fungal specific IgE along with  absence of raised systemic IgE. Therefore, in the absence of 

systemically detectable fungal specific IgE or a positive skin allergic test to a fungal antigen, the 

importance of the local IgE in the sinus mucosa in causing a fungal specific hypersensitivity 
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response cannot be emphasized. Ponikau (17) and colleagues sampled the nasal cavities of all 

patients with chronic rhinosinusitis undergoing surgery as well as normal subjects using a sensitive 

technique and demonstrated the presence of fungi in 93% of these patients as well as in controls, 

showing that the presence of fungus alone was not the cause for the allergic response. They further 

showed that even with demonstrable fungus in the nasal cavity, fungal specific IgE was not 

necessarily raised in these patients. They suggested that in chronic rhinosinusitis there was T cell 

activation rather than humoral response as proposed earlier by Manning et al.(13) They suggested 

that eosinophil activation and chemotaxis was the triggering mechanism for AFRS. 

 

Mycology in AFRS 

The fungi associated with AFRS may be broadly divided into two groups. The first 

includes Aspergillus species which is mostly distributed in the Asia Pacific region.(4,14,18,19) 

In the initial description of AFRS, Katzenstein et al (3) referred to AFRS, as allergic Aspergillus 

sinusitis because that was the fungus that was isolated in many of the patients with AFRS. The 

authors felt that, the disease was analogous to allergic broncho pulmonary aspergillus.  

Aspergillus species 

The genus Aspergillus includes more than 185 fungal species of which around 20 have been isolated 

and reported as causative agents of infections. The most commonly identified species include 

Aspergillus fumigatus, Aspergillus flavus and Aspergillus niger. Aspergillus hyphae are typically 

hyaline, septate and branch dichotomously at acute 45degree angle. They are usually fast growing, 
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yellow – brown colonies. Conidiophores terminate in a vesicle covered with a single palisade- like 

layer of phialaides or a layer of subtending cells which bear small whorls of phialaides (Fig. 7a).  

Aspergillus is a filamentous fungus (Fig. 7b) which grows on Sabouraud dextrose agar as granular 

flat colonies with radial groves. The colonies are yellow initially but later turn green. Aspergillus 

species which are commonly seen includes Aspergillus flavus, Aspergillus fumigatus, Aspergillus 

niger and Aspergillus terreus. Under the microscope with lactophenol cotton blue staining, the 

conidiophores are seen as radiate with slender hyphae. In potassium hydroxide prepration the fungal 

filaments are seen as slender, colourless, septate and with acute branching. In hematoxylin and eosin 

section the fungal hyphae are seen as thin, septate with acute angled branching. 

 

Dematiaceous fungi (Fig .8) 

 

These fungi are commonly found in soil and decaying matter.  They include species like 

Alternaria, Bipolaris, Curvularia and Dreschlera. They are also known as pigmented fungi 

compared to the filamentous fungi which are colorless. The association between dematiaceous fungi 

and AFRS is more prominently seen in the Western population(1,3,13,20–22) compared to the 

Indian population where Aspergillus species is usually described. Unlike the hyaline moulds like 

Aspergillus, these fungi are pigmented and easily identified on a potassium hydroxide preparation. 

Dematiaceous fungi are commonly seen in soil, wood and decomposing land debris. The common 

fungal species in this group includes Alternaria, Bipolaris, Curvularia, Drechslera and and 

Exserohilum  
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                                     Figure 7a Aspergillus on fungal culture 

 

 

 

 

                                  Figure.7b Aspergillus on fungal smear (KOH) 
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Routine stains may not always help in identification of the fungal species. Special silver 

impregnated fungal stains are often required. Stains used to demonstrate the presence of fungi in 

tissue include Groccot Gommori methanamine silver stain (Fig. 9a) and Periodic acid Schiff 

stain (Fig. 9b). The initial diagnosis on fungal smear is performed with potassium hydroxide 

prepration. Potassium hydroxide preparation may be enhanced with the addition of calcofluor in 

order to highlight the presence of fungus. 

A positive fungal culture may not be obtained in patients with AFRS. This is because 

fungi are sparse in allergic mucin. The yield of positive culture varies from 64% to 100% in 

various studies.(8,23) A diagnosis of AFRS is possible even  with a negative fungal culture  since 

the histopathological appearance of allergic mucin is diagnostic of AFRS 

Pathology in AFRS 

 

The pathological findings in AFRS include the presence of sinonasal polyps and allergic 

mucin. Sinonasal  polyps appears as pale, translucent or pinkish, sessile or pedunculated structures 

that arise from paranasal sinuses. Allergic mucin is a unique thick, peanut butter like, highly viscus 

brown or green material which is found to be interspersed with sinonasal polyps. This material is 

loosely distributed in the sinuses and is not adherent to the underlying tissues: however, it may be 

very tenacious and difficult to remove from the depths of sinuses. Irrigation with saline is the best 

way to extricate allergic mucin from sinuses. 
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                                        Figure 8 Dematiaceous fungi 
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Figure 9a Groccot Gommori methanamine silver 

stain 

 

Figure 9b Periodic acid schiff  
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Histopathology of AFRS 

The histopathology of AFRS is the most important diagnostic feature of the disease. Typically, 

hematoxylin and eosin stain is used to stain the specimen. In a study performed at our institution to 

increase the diagnostic yield for patients with AFRS, it was found that the separation of allergic 

mucin from nasal polyps should be performed in order to increase the possibility of a positive 

diagnosis. (23) 

Histology of nasal polys 

Polyps are seen as edematous clusters of mucosa with respiratory epithelium with 

eosinophilic infiltration of submucosa. There are no granulomas, or evidence of invasion by fungus. 

Allergic mucin (Fig. 10a and 10. b) 

The main component of allergic mucin includes clumps of necrotic eosinophils, layered 

mucus, sparse fungal hyphae, and Charcot Leyden crystals  

While hematoxylin and eosin staining is used in many patients, silver methanamine staining may be 

required to see the fungus in histopathology. Charcot Leyden crystals are not consistently seen. 

They are the eosinophil breakdown products seen in hematoxylin and eosin stains. (Fig. 15) 

 

Clinical features 

 

Clinical features of AFRS were first described by Katzenstein (3) in 1983. The authors 

described 7 patients with ages ranging from 13 to 48 years. The patients were all atopic and had 
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chronic sinonasal polyposis. Typical symptoms in AFRS includes unilateral or bilateral nasal 

obstruction, minimal nasal discharge and sneezing. If the  

Disease is bilateral, patients may complain of anosmia. Many patients may have a history of 

sinonasal allergy.(1)  Some of these patients may have associated bronchial asthma. Men and 

women are equally affected. Studies have shown that AFRS is seen in upto 10% of patients who 

undergo surgery for chronic rhinosinusitis. (1) 

Patients with AFRS are typically immunocompetent. There may be a history of blowing out 

thick, viscous, gelatinous material which is allergic mucin. The classical description of AFRS is best 

epitomized by the phrase “atopy, proptosis and nasal polyposis”.(5) 

Extrasinus extension 

As described in the section on Anatomy of Paranasal Sinuses, the disease spreads to extra 

sinus compartments by expansion followed by erosion of the underlying bone. Common sites of 

expansion or erosion of bone includes lamina papyracea, floor of orbit, roof of ethmoid, floor and 

posterior wall of frontal sinus. Accordingly, patients may present with proptosis which may be 

unilateral or bilateral, telecanthus, diplopia, reduced vision, loss of vision, abducent nerve palsy, 

headache and facial pain because of the extension to the orbit, compression of the optic nerve and 

extension to the intracranial compartment. 
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                                         Figure 10a Histology of allergic mucin 

 

 

  

 

                                            Figure 10b Allergic mucin on nasal endoscopy 
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Radiological features 

 

Non contrast computed tomography of paranasal sinus is the imaging of choice in AFRS.  To 

define the extent of the disease CT scan of paranasal sinus are ideally done in axial and coronal 

views. The characteristics CT findings include unilateral disease with diffuse areas of hyperdensity. 

(Fig.11) The above mentioned hyperdensity can be attributed due to the presence of iron, calcium 

and manganese deposits seen within the allergic mucin. This is often described as double density 

sign or rail track sign (Fig.11). Expansion of the paranasal sinuses is often noticed in cases of 

AFRS. (24) 

Even though bone erosions seen on CT scan in patients with AFRS are not pathognomonic, 

there are various studies which report a higher incidence of bone erosions in these patients. Wise SK 

et al(24)  have described an objective method for quantifying radiological bone erosions in AFRS 

and have developed a new CT scan staging system and a novel assessment scale to develop a 

staging system.  The authors felt that the patients with increased abnormalities like expansion and 

bone erosion have more advanced disease and suggested a more careful preoperative evaluation and 

planning of surgery in such patients. A retrospective analysis of 142 patients with AFRS was 

described by Nussenbaum et al(25) in their study showed that 20% of patients had bone erosions on 

their CT scan and that the ethmoid sinus was the most commonly eroded sinus. The orbit and 

anterior cranial fossa were the commonest adjacent areas found to have disease extension.  

In patients diagnosed to have AFRS and suspected intracranial and intraorbital involvement, the 

ideal imaging of choice is magnetic resonance imaging of the paranasal sinuses. In AFRS, the 
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protein content and viscosity of secretions often result in a low intensity signal void with peripheral 

enhancement in T1 (Fig.12 a) and T2 (Fig.12 b) weighted images. 

 

Bent and Kuhn diagnostic criteria (Table 1) 

Bent and Kuhn (1) in 1994 laid down diagnostic criteria for AFRS based on their observation 

on a series of 15 consecutive patients with AFRS. These criteria have stood the test of time and 

continue to be used as the diagnostic criteria in AFRS. The minor criteria are less consistently seen 

in most series. 
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                 Bent and Kuhn‟s Diagnostic criteria 

Major            Minor 

Type 1 Hypersensitivity       Asthma 

Nasal polyposis       Unilateral disease 

CT finding       Bone erosion 

Eosinophilic mucin       Fungal culture 

Positive fungal stain       Charcot- Leyden crystals 

       Serum Eosinophilia 

Table 1 Bent and Kuhn‟s criteria 
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Figure 11 CT PNS, coronal section showing unilateral disease with diffuse areas of  

hyperdensity with double density sign (white arrow) 
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Figure 12a T1 weighted MRI- high signal 

intensity of debris (white arrows) 

 

Figure 12b T2 weighted MRI- central 

areas of low intensity surrounded by high 

intense signal (white arrows) 
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Role of IgE in the diagnosis of AFRS 

 

Immunoglobulin E, first described by Ishizaka (26) in 1967 plays the main role in allergic 

reactions. It is produced mainly in lymphoid aggregates and within the submucosa.(12)  The 

concentration of IgE in serum is the lowest when compared to the other immunoglobulin classes 

being around 100 to 400 ng/ml. The majority of IgE is tissue bound with a halflife of 11 to 14 days.  

The generation of plasma cells and B cells producing high-affinity IgE depends on the 

maturation of B cell in germinal centers of lymphoid tissue. IgE antibodies are important for 

defense against parasites and toxins and can also mediate anti-tumor immunity. However, high-

affinity IgE is also the main culprit responsible for the manifestations of allergic disease, 

including life-threatening anaphylaxis. Thus, generation of high-affinity IgE must be tightly 

regulated. 

IgE is bound to specific receptors on mast cells and basophils. IgE is synthesized by B 

lymphocytes under the regulations of cytokines derived from Th2 lymphocytes.  IL-3 and IL4 

provides the signal for activation of B lymphocytes. The second signal a costimulatory interaction 

between CD40 ligand on the T cell surface and CD40 on the B cell surface. This signal promotes B 

cell activation and switch recombination for the production of IgE (Fig.13). 
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                    Figure 13 Production of IgE in allergic reactions 
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Serum fungal specific IgE in AFRS 

 Several authors have found that fungal specific IgE levels rather than total serum IgE levels 

are more specific in AFRS and their measurement may show differences compared to other types of 

rhinosinusitis. (14,15) 

Local fungal specific IgE in AFRS 

Collins et al (14)  found that some patients did not exhibit typical features of sinonasal 

allergy which is one of the Bent and Kuhn criteria for the diagnosis of AFRS. They suggested that 

such patients had local rather than systemic hypersensitivity to fungal allergens. This they 

demonstrated by showing raised levels of local fungal specific IgE in the sinus tissue. However, 

some patients without AFRS but with other types of chronic rhinosinusitis also showed evidence of 

raised tissue fungal specific IgE. 

In another study, Pant et al(15) studied allergic mucin in both patients with and without 

AFRS and found that raised fungal specific IgG3 levels (rather than raised fungal specific  IgE 

levels) were present in both patients with AFRS and eosinophilic mucinous rhinosinusitis. Fungal 

specific IgE responses were also demonstrated in those with fungal allergy irrespective of whether 

they had AFRS or not. 

Total serum IgE in AFRS 

Total serum IgE levels have been shown to be raised in AFRS. (21) The authors found that 

total serum IgE was found to correlate with the clinical rhinosinusitis severity (P = .0002). The 

authors also showed that fungal specific IgE levels were raised in AFRS, although the correlation 
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with clinical rhinosinusitis was less marked (p=0.004). Looking at the correlation between total 

serum IgE levels and presence of recurrent disease, the authors found that an increase of IgE of 10% 

or more correlated with increased risk of recurrent disease.  

The effect of oral steroids on total serum IgE levels and recurrence have also been studied. 

Schubert and Goetz (21) showed that long term oral steroid correlated with a lower rate of 

recurrence and lower total serum IgE levels. Others(27) have shown that even topical steroids may 

reduce total IgE levels although the degree to which this reduction occurs is less than with oral 

steroids.  

Management of AFRS 

 

a) Surgical 

The first line management in AFRS is endoscopic sinus surgery which is considered as the gold 

standard treatment modality of AFRS. The primary aim of the treatment is the surgical removal of 

the polypoidal disease and allergic mucin and in order to restore the ventilation and drainage of the 

sinus. As described above in the pathophysiology of AFRS, the mainstay of treatment is to eliminate 

the antigenic factors that often initiate the disease cascade. Endoscopic debridement helps in the 

removal of the allergic mucin and fungal debris. 

Many of the recent studies(28,29)   have described the use of image guided system along with 

endoscopic sinus surgery. Nowadays,  this is being regularly done with the aim of complete removal 

of the disease from the involved sinus and minimize the risk of complications in patients with 

distorted anatomy. 
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Medical Management 

In a study done by Landsberg et al (30), AFRS patients who have taken a course of oral 

steroids preoperatively had a better radiological and endoscopic response when compared to the 

control groups who have not received steroids preoperatively. The first randomized control trial on 

the use of oral corticosteroids for the use of AFRS showed conclusively that oral steroids prevent 

recurrence in patients with AFRS. (31) The various medical options available to treat AFRS 

includes topical and oral steroids, topical and oral antifungals and leukotriene modulators. 

A study done by Wormald et al (32)  have described a better response rate and lower level of 

recurrence in patients who have received oral antifungals along with steroids. These patients 

received oral itraconazole for 6 months. The use of systemic antifungals are associated with 

significant side effects including headache, fatigue, elevated liver enzymes and skin rashes. Oral 

antifungals can be considered as an option in patients who have failed to respond to oral steroids. 

Postoperative follow up and monitoring of disease 

 Routine postoperative rigid nasal endoscopy with staging of disease using the Kupferberg 

(22) staging system has been described. The Kupferberg staging system is as follows (Table 2) 
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                      Kupferberg endoscopic staging system 

Stage    Criteria 

0 No evidence of disease 

I Edematous mucosa 

II Polypoid mucosa 

III Polyp and fungal debris 

 

 

 

 

 

 
 

 

 

            Table 2 Kupferberg endoscopic grading 
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Aims and Objectives 

 
Aim: 

1) The aim of the study was to ascertain pre- and postoperative total serum IgE levels in 

patients with AFRS and correlate the changes in endoscopic appearance postoperatively 

with these levels following therapy. 

2) To determine whether serum total IgE level may be used as a prognostic indicator of 

disease stage in patients who had undergone functional endoscopic sinus surgery for 

AFRS. 

Objectives: 

1) To ascertain preoperative endoscopic grading (Kupferberg stage) as well as total 

serum IgE levels in patients with clinical and histological characteristics of AFRS 

2) To ascertain the postoperative endoscopic grading (Kupferberg stage) as well as total 

serum IgE levels in those patients with AFRS who underwent endoscopic sinus 

surgery 

3) To assess changes in endoscopic staging and total serum IgE levels in patients with 

AFRS who had undergone endoscopic sinus surgery 

4)  To ascertain the sensitivity of total serum IgE level in predicting the disease stage in 

patients with AFRS on postoperative follow up.  
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Materials and methods 
 

Study design 

This study was designed as a prospective, observational study on patients diagnosed to have AFRS 

based on clinical, radiological and histopathological criteria. 

Subjects 

 Patients were included in the study if they met the following criteria and if they were willing to 

participate in the study. 

Inclusion criteria 

1) Patients aged 18 years of age and above 

2) Patients with chronic rhinosinusitis with polyposis and 

3) Patients with hyperdense areas on CT scan of the paranasal sinuses, and 

4) Patients with histopathological evidences of AFRS 

 

Exclusion criteria 

Following were the exclusion criteria: 

1) Patients aged below 18 years of age 

2) Patients with coincident sinonasal disease 

3) Patients who refused treatment 
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Methodology 

a) Preoperative assessment 

A detailed history was taken from all patients. History of nasal obstruction, nasal discharge, 

headache, facial pain, visual disturbance, sneezing and anosmia was documented. Any comorbid 

illness like diabetes mellitus, hypertension and bronchial asthma along with a history of smoking 

and alcohol were noted. (Refer proforma appendix 1) 

A diagnostic rigid nasal endoscopy was done and staging of polyposis was done by 

Kupferberg staging system. All patients also underwent preoperative skin allergen testing (including 

fungal allergen testing). Patients also had preoperative total serum IgE level testing. Radiological 

evaluation of the CT scan was done using Lund and MacKay grading system.  

b) Postoperative assessment 

Post operatively, after a period of 3 to 6 months, a history of similar symptoms was enquired 

into. (Refer proforma appendix 1) Rigid nasal endoscopy was performed and staging was done by 

Kupferberg endoscopic staging system. The total serum IgE levels were reassessed postoperatively 

after a period of 3 months. 

All patients were provided with a patient information form (appendix 2) with details of disease 

status assessment preoperatively and postoperatively. Consent (appendix 3) for the testing were 

taken from the patients. 
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Sample size 

The sample size was calculated based on the Bent ad Kuhn‟s and Katzenstein study where 

the prevalence rate of AFRS was found to be 10% of all chronic rhinosinusitis cases. 

With 80% power, 1% alpha error and with an anticipated regression coefficient of about 0.5 

units across stage 2 versus stage 0 over time, the required sample size   was calculated to be 

47 subjects. The ratio of change was found from six observations obtained from records. 

Alpha of 1% was considered as there were 3 stages to be compared. 

 Ratio of change from baseline to first follow-up in stage 0 vs stage 2 = 1.4 

 Ratio of change from baseline to second follow-up in stage 0 vs stage 1 = 0.57 

  

 

 

 

 

 

 

 



P a g e  | 66 
 

 

Formula: 

 

 

Reference for the above formula: Dupont WD, Pluer WD. Power and sample size calculations for 

studies involving linear regression. Controlled Clinical Trials 1998; 19:589-601. 

 

Statistical methods: 

For continuous variables mean, range and standard deviation was calculated. 

For categorical variables, frequency was calculated 

IgE values are the quantitative variables and these were expressed as mean with SD or 

median with IQR depending on the distribution which was assessed by plotting histogram 

and QQ plot.  
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The distribution of rigid nasal endoscopy finding at postoperative follow up and total 

serum IgE levels were analysed. The sensitivity, specificity, positive predictive value and 

negative predictive value of total serum IgE levels were calculated using this data. 

 

Institutional Review Board (IRB): 

The proposal was submitted to our institutional review board. It was reviewed and passed 

with the IRB number 10893.  
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Results 
 

Demography 

Patients diagnosed with AFRS based on standard criteria were recruited to the study. A total 

of 34 patients with adequate follow up were included in the study.  

Age distribution of the study population  

The mean age of this cohort was 36.2 years (range = 21 -57 years). The median age was 33 

years. The majority of patients were seen to be within the age group of 30 to 40 years of age. 

  

 

                Figure 14 Distribution of age in years (n=34) 
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Gender distribution of the study population  

The majority of patients in the study group were  males. There were 21(61.8%) males and 

13(38.2%) females. These figures may be attributed due of the greater incidence of the disease in 

the male population. 

 

 

 

                 Figure 15  Gender distribution in the study population ( n=34) 
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Distribution of place of residence in the study population (n-34)  

Most of our patients were from Tamil Nadu (29.4%) followed by West Bengal (17.6%) and 

Andhra Pradesh (17.6%). These figures reflect the pattern of utilization of medical services at our 

hospital.  Of the patients who were recruited initially in the study, 11 patients were excluded later in 

the final analysis due to inadequate follow up and all these patients were from either Bangladesh or 

West Bengal   

 

 

Figure 16 Distribution of place of residence in the study population (n=34) 
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Distribution of occupation in the study population 

In our study population, except for two individuals, the majority of women (32.3%) were 

housewives. All the male patients were employed with the majority being involved in business 

(29.4%).The next most common occupation was either clerical work in office (14.8%) or that of a 

shopkeeper (14.8%). 

 

 

                      Figure 17 Distribution of occupation in the study population (n=34) 
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Distribution of comorbidities in the study population 

The majority of patients with AFRS had coexistent allergy (40.1%). Other comorbidities 

included systemic hypertension (23.5%), bronchial asthma (11.8%) and diabetes mellitus (5.8%). 

 

 

 

                            Figure 18 Distribution of comorbidities (n = 34) 
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  History of previous nasal surgery in the study population 

Of a total of 34 patients, 10(29.4%) patients had a history of previous nasal surgery. The 

most common surgery that these patients had undergone was functional endoscopic sinus surgery 

for chronic sinusitis with polyposis. Among the 10 patients, four patients had undergone previous 

surgery at our hospital. One patient had undergone septoplasty alone 

 

 

                   Figure 19   History of previous surgery in the study population (n=34) 
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Distribution of symptomatology in the study population (n=34)  

The most common symptoms among the study population was nasal obstruction (100%) and 

nasal discharge (100%).Sixteen (47%) patients had sneezing and 12 (35.2%) had headache. Two 

patients who had bilateral disease had unilateral proptosis and one among them had diplopia.One of 

these two patients had   CT findings with erosion of the left lamina papyracea with extraconal 

extension and intracranial extension. The second patient had similar features on the right side along 

with erosion of the optic canal. 

 

 

      Figure 20 Distribution of symptomatology in the study group (n= 34) 
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 Nasal obstruction 34 (100%) 

Nasal discharge 34 (100%) 

Headache 12 (35.3%) 

Sneezing 16 (47%) 

Facial pain 3 (8.9%) 

Watering of eyes 2 (5.9%) 

Anosmia 7 (20.6%) 

Post nasal drip 3 (8.9%) 

Diplopia 1 (2.9%) 

Proptosis 2 (5.9%) 

 

                                                                                                                                                                         

 

      

              Table 3  Symptomatology and clinical features in the study group (n =34) 
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Distribution of preoperative endoscopic grading in the study population (n=34) 

Of a total of 34 patients, 15(44.1%) patients had grade 2 polyps and 19 (55.9%) had grade 3 

polyps in their nasal endoscopy. Seven patients out of 15 who had grade 2 polyps had a history of 

previous endoscopic sinus surgery.   

 

 

      Figure 21 Preoperative endoscopic grading in the study population (n=34) 
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Distribution of Lund-Mackay CT score in the study population( n=34) 

Six patients out of 34 had unilateral disease. The majority (82.3%)had bilateral disease. Most 

of the patients in the study population were found to have a total score between  11 -15(47%) .The 

maxillary sinus and the ethmoid sinuses were involved in all our patients(100%).Twenty 

three(76.5%) had frontal sinus opacification and 25(73.6%) had sphenoid sinus ivolvement. All our 

patients had osteomeatal opacification.  

Sinuses 0(No 

opacification) 

1(Partial 

opacification) 

2 (Total 

opacifiaction) 

n Percentage 

Maxillary 0 6 28 34 (100%) 

Anterior 

ethmoids 

0 4 30 34 (100%) 

Posterior 

ethmoids 

0 2 32 34 (100%) 

Frontal 8 3 23 26 (76.5%) 

Sphenoid 9 4 21 25 (73.6%) 

Osteomeatal 

complex 

0 0 34 34 (100%) 

  

Table 4 Distribution of Lund-Mackay CT score in the study group (n=34) 
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Case 1 Roof of sphenoid and cribriform plate 

Case 2 Right Lamina papyracea and floor of frontal 

sinus 

Case 3 Right lamina papyracea, foramen 

rotundum,sphenoid sinus 

Case4 Bilateral lamina papyracea 

Case5 Anterior wall  of frontal sinus 

Case 6 Right cribriform plate 

Case7 Lamina,  roof of posterior ethmoid, lateral 

wall of sphenoid; intracranial extension 

present 

Case8 Lateral and inferior wall of sphenoid, roof 

of  ethmoid, lamina, right frontal sinus, 

superior and inferior wall; intracranial 

extension present 

                                        

                                   Table 5 Study population with bone erosions (n=8) 
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Distribution of fungal culture results in the study population (n=34) 

In this cohort , the majority of patients (82.3%) were found  to have a positive fungal culture 

report . The fungal species identified in the majority of our patients was Aspergillus flavus.  

                                          

 

 

           Figure 22 Distribution of fungal culture results in the study population( n=34) 
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Distribution of skin allergy test results in the study population (n=32) 

Thirty two patients out of 34 underwent skin allergy testing. Most of our patients 27(84.4%)  

were allergic to dust mites like Dermatophagoides pteronyssinus and D.farinae. Seventeen(53%) 

patients were allergic to various fungal species like Aspergillus fumigatus and Aspergillus niger and 

Alternaria. The most common fungal species to which the patients were allergic was Aspergillus 

fumigatus. The allergen Aspergillus flavus was not used in the cohort as this was not available 

commercially.However  the allergen has cross reactivity with Aspergillus fumigatus and can be used 

as a surrogate marker. Twenty(62.5%) were allergic to various  food items  like egg, milk,orange 

and guava. 

 

            

       Figure 23 Distribution of skin allergy test results in the study population(n=32) 
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Dust allergy n Food allergy n Fungal allergy N 

3+ positivity 3 3+positivity 0 3+ positivity 2 

2+ positivity 15 2+positivity 8 2+ positivity 7 

1+ positivity 9 1+positivity 12 1+ positivity 8 

 

 

          Table 6 Distribution of skin allergy test results in the study population (n =34) 

 

Fungal allergy n (percentage) 

Aspergillus fumigatus 11( 64.8%) 

Aspergillus fumigatus, Aspergillus 

niger, Alternaria 

5(45.5 %) 

Fungal allergy with coexistent 

allergy to dust mite 

12(76.8%) 

 

                   

                   Table 7 Distribution of fungal allergy in the study group (n=17) 
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Distribution  of serum absolute eosinophil count in the study population( n= 30) 

Thirty patients out of 34 had undergone testing of serum absolute eosinophil count.The 

majority of the patients (70%) in the study population was found to have an absolute eosinophilic 

count within a range of  100- 500cells/ml. Nine patients(26.7%) had  absolute eosinophil count  

more than 500cells/ml. 

 

Range of AEC N Percentage 

100 - 500 21 (70%) 

501- 1000 8 (26.7%) 

1001- 1500 0 (0%) 

1501- 2000 1 (3.3%) 

 

 

    Table 8 Distribution of absolute eosinophil count in the study population (n=34) 
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Distribution of  preoperative serum IgE levels in the study population 

Most of our patients (94%) had a preoperative serum IgE value in the range of 0- 4000U/ml. 

The lowest value noted was 330ul/ml and highest was 6548.2U/ml. 

                                                     

Range of serum IgE levels( U/ml) Frequency Percentage 

0 - 1000 9 (26.4%) 

1001- 2000 13 (38.2%) 

2001 - 3000 6 ( 17.6%) 

3001 - 4000 4 (11.8%) 

4001 - 5000 1 (2.9%) 

5001 -6000 0 (0%) 

6001 - 7000 1 (2.9%) 

                                                                                                                                           

              

          Table 9 Distribution of serum IgE levels in the study population (n= 34) 
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Distribution of preoperative IgE levels in the study group (n=34) 

 

 

 

 Figure 24 Distribution of preoperative serum IgE levels in the study group (n=34) 
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Distribution of postoperative Kupferberg endoscopic grading (n=34) 

A total of 25(73.5%) patients out of 34, had stage 0 in the rigid nasal endoscopy. Eight 

(23.6%) patients had stage 1disease (edematous mucosa) with no evidence of polyps or allergic 

mucin. Even the single patient with polypoidal mucosa (stage 2) had no evidence of allergic mucin.                                               

 

 

Figure 25 Postoperative Kupferberg endoscopic grading in the study population (n=34) 
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Distribution of postoperative range of serum IgE level in the study population (n=34) 

Most of our patients (97.1%) had a serum IgE level less than 4000u/l during their first 

postoperative follow up .These figures reflect the decrease in the antigenic load after surgery .One 

patient had a serum IgE value of 15000u/ml. In this patient the serum IgE level was raised following 

surgery                                            

Range of serum IgE levels 

(U/ml) 

Frequency Percentage 

0 - 1000 18 53% 

1001 - 2000 7 20.5% 

2001 - 3000 4 11.8% 

3001- 4000 4 11.8% 

>4000 1 2.9% 

                                                                                                                       

 

Table 10 Distribution of post op range of serum IgE levels in the study population (n=34)) 
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Comparison of  preoperative and postoperative serum IgE levels in patients who were  

Stage 0   postoperatively (n=25)     

Four patients (16%) who had stage 0 disease postoperatively had elevated post-operative 

serum IgE levels when compared to their pre-operative values. This included the patient whose post-

operative value was 15000U/ml. 

  

 

 

Figure 26 Comparison of pre-op and post-op serum IgE levels in patients who were stage 0 

postoperatively (n=25)          
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Comparison of preoperative and postoperative serum IgE levels in patients who were stage 1 

postoperatively 

Three patients who had stage 1 disease on rigid nasal endoscopy had elevated serum IgE 

levels when compared to their preoperative values. 

 

Figure 27 Comparison of pre-op and post-op serum IgE levels in patients who were stage 1  

postoperatively (n=9)          
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Sensitivity, specificity, positive predictive value of serum IgE in the diagnosis of AFRS 

Statistics value 95% confidence interval 

Sensitivity 84% 63.92% - 95.46% 

Specificity 33.33% 7.49 - 70.07% 

Positive predictive value 77.78% 68.14 - 85.14% 

Negative predictive value 42.86% 17.13% - 73.12% 

Accuracy 70.59% 52.52% - 84.90% 

 

 

 The sensitivity of a test is a determination of whether a test result will be positive when 

the disease is present (true positive). In our study 21 of 34 patients had a fall in total serum IgE 

levels and coincidental stage 0 disease on postoperative rigid nasal endoscopy. Thus, the sensitivity 

of total serum IgE levels was 84% in our study. 

 Specificity refers to the probability that a test result will be negative when the disease is 

not present (true negative). Only three of 34 patients had a rise in serum IgE levels despite having 

stage 1 disease on postoperative rigid nasal endoscopy. Thus, the specificity of total serum IgE level 

was only 33.3%.  

 The positive predictive value of total serum IgE value was 76.8% in this study. This 

suggests that the test may not be very accurate in predicting the absence of the disease when 

screening patients. However, the test may have use in prognostication of the individual patient on 

long term follow up. 
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Discussion 

 

According to de Shazo‟s (33) classification, AFRS is a non –invasive form of fungal 

sinusitis. The disease is triggered by IgE mediated type 1 and 3 hypersensitivity reactions (3). The 

different aspects of AFRS, ranging from clinical presentation, radiological features and management 

have been widely studied in the literature. However, there is a dearth of studies on certain aspects 

like the role of total serum IgE, in the prognostication of this entity. This may be attributed to the 

small number of studies in the literature, with a long term follow up of patients. 

   In our study, we had patients whose age ranged between 21 to 57 years, with a mean of 36.2 

years. Similar observations were made by other authors (1, 2). However, Ikram et al (6) who studied 

a series of patients with AFRS from Pakistan who had intracranial and intraorbital extension found 

that the average age was only 25 years (range; 9 to 46 years).  It is possible that since they studied 

only patients with intraorbital and intracranial extension, the majority of patients were in the 

younger age groups. Similarly Ghegan et al(34) found that those patients who had skull base and 

orbital erosion had a mean age of 26.8years. It appears that bone erosion is more common in the 

younger age group. Ghegan et al (34) further showed that the odds ratio for age was 0.946 (p<0.01), 

suggesting that, for every year increase in age, the chance of developing AFRS decreases by 5%. 

In our study the ratio of males:females was 1.6:1. In comparison with other studies, 

(1,13,14,20,) we found AFRS typically affects more males than females. Ghegan et al (34) showed 

that patients with bone erosions in AFRS were more likely to be males than females. They found 

males with AFRS had 18.7 times more chance of bone erosion than males with non AFRS variants 
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of sinusitis. In contrast, three studies showed a higher incidence in females than males. These were 

the studies done by Droste et al, Kupferberg and Katzenstein. (10,22,3) 

Allergic rhinitis was a major comorbid pathology in our series, with 16(47.1%) patients 

having the disease. These patients complained of sneezing, nasal obstruction and nasal discharge as 

their predominant symptoms. All of them had a positive skin allergy test. Droste et al (10) found 

that, of a total of 261 patients, 222 (42.2%) patients had sensitivity to indoor and outdoor allergens. 

Most patients had sensitization to dust mite in their study. Similar results were seen in most patients 

in our series with 27(84.4%) being allergic to dust mite. Fungal allergy in AFRS has not been 

studied extensively. In our study we found that, 17(54%) patients had fungal allergy. Of these 17 

patients, 11(64.8%) patients tested positive for Aspergillus fumigatus. Five (45.5%) patients were 

tested positive for multiple fungal species. Twelve (76.8%) patients had both fungal and dust mite 

allergy.  In Bent and Kuhn‟s series, (1) a positive skin allergy test was seen in 100% of patients, 

whereas in de Shazo‟s series (33) only two- third had  a positive skin allergy test. Pant et al (15) 

showed that 66 % of their patients had aeroallergen allergy and 100% had fungal allergy.  

The presence of bronchial asthma in patients with AFRS was highlighted by Bent and Kuhn 

(1) in1994.The authors found 8 out of 15 patients had bronchial asthma and recommended that the 

presence of asthma could be used as a diagnostic criterion for AFRS. In Katzenstein‟s (3) series 

also, a high proportion (6 out of 7 patients) with AFRS had bronchial asthma. In contrast, in our 

series only 4(11.8%) patients had coincident bronchial asthma.  

All our patients had nasal obstruction and nasal discharge as their primary presenting 

symptom. Similar observations was seen in many studies (3,1,19,21,22). This may be because of the 
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presence of nasal polyposis which was seen in all the patients. Two of our patients had unilateral 

proptosis . However only one of them had diplopia. Both these patients had disease in the ethmoid 

sinus with erosion of the lamina papyracea. 

In our study, the majority (55.9%) of patients had grade 3 polyps as per the Lund Kennedy 

(35)endoscopic grading . Nine out of 15 patients who had grade 2 polyps had a history of prior nasal 

surgery. This may be the reason for the early identification of the disease status in such patients. 

The characteristic CT scan feature of hyperdense areas in sinuses was evident in all cases. 

Similar findings have been noted in many series (1,22,21,25,34). Maxillary and ethmoid sinuses 

were the most commonly involved sinuses (34,25,19,20,25). In the studies by Nussenbaums (25) 

and Ghegan et al (34), bone erosions were seen in 20% and 56% of their patients with AFRS 

respectively.  In our series only 8(23.5%) patients had bone erosions. 

Twenty nine (85.3%) patients in our study had a positive fungal culture and Aspergillus 

flavus was identified in majority of the cases. Similar findings were found in the studies by Bent and 

Kuhn(1) where 11 out of 15 patients had positive fungal culture.and Manning et al where(13) all 

patients  had  a positive fungal culture. In contrast to our study, the fungal species identified in the 

studies by Bent and Kuhn (1) and Manning et al (13) showed predominant Dematiaceous fungi 

rather than Aspergillus species. Some studies, however, have shown a positive fungal culture result 

in only a few patients. This includes the study by Thakar et al(19) where only 18 out of 64(28.1%) 

patients had a positive fungal culture and Collin‟s et al(14) where only 56 out of 86(61.5%) had a 

positive fungal culture result. 



P a g e  | 93 
 

 

A raised total serum IgE level is not by itself a diagnostic criterion of AFRS. In our study all 

patients had a raised preoperative total serum IgE level (normal value <85U/ml). In other studies, 

variable results have been obtained. Bent and Kuhn (1) found that 6 out of 7 patients had raised 

preoperative IgE levels. Marple et al (20) found that 4 out of 17(23.5%) had raised total serum IgE 

levels. In the study by Manning et al (13) 15 out of 16 patients (93.75%) had raised total serum IgE 

levels. Despite AFRS being an IgE mediated disease, elevation of total serum IgE levels was not 

universally seen.  In some cases it may be local rather than systemic IgE level that is raised. Collin‟s 

et al (14) suggested that locally produced IgE may be the reason for some patients showing no 

systemic evidence of allergy despite having all the features of AFRS. They also showed that, in all 

fungal culture positive patients, the presence of local IgE was associated with systemic fungal 

allergy (p=0.005), but a raised total serum IgE level was not seen. 

 In patients with raised preoperative total serum IgE levels, a reduction of total IgE level is 

expected in the postoperative period. This is probably related to the reduction in burden of IgE 

mediated allergic mucin in the postoperative period. In our study we found reduction of  total serum 

IgE levels in the postoperative period in 27(74.9%) out of 34 patients. Despite the role of surgery, as 

well as the addition of systemic and local steroids total serum IgE levels may not be reduced. This 

may be because of coexistent pathology which is also mediated through an eosinophilic or IgE 

response. 

The sensitivity of the total serum IgE level in the prognostication of AFRS is well 

demonstrated in this study. We found total serum IgE levels to have 84% sensitivity rate in this 

study. This suggests that, in patients in whom, a longitudinal follow up is possible, total serum IgE 
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levels which show a reduction in the post-operative period are more likely to be associated with 

Stage 0 disease on rigid nasal endoscopy. However, if total serum IgE levels are raised, it is possible 

that patients may have either Stage 0 disease or Stage 1and 2 disease. Rigid nasal endoscopy is thus 

definitely required in these cases to identify  residual disease. 

 The absolute total serum IgE levels do not appear to have any significance in the 

diagnosis and prognosis of disease in patients with AFRS. However longitudinal follow up of AFRS 

patients with serum IgE levels and rigid nasal endoscopy will be useful in the majority of patients. 

The results of our study showed that total serum IgE value may not be a sensitive tool in the 

screening for the presence of AFRS. However in a patient who shows a demonstrable fall in total 

serum IgE level post operatively while on therapy, there is a more than 80% likelihood that this 

patient has stage 0 disease on rigid nasal endoscopy. To further increase the sensitivity of these 

parameters, a combination of clinical and total serum IgE values may be studied in these patients. 
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Limitations of the study 

1) Small sample size - This was because many patients who were initially recruited to the study, 

came from distant places like Bangladesh and did not return for follow up as advised. 

2) There was no standardization in the medication given to patients postoperatively, even though all 

were advised topical steroids. The compliance of the patients to prescribed therapy could not be 

relied upon. 

 

Strengths of the study 

The strength of the study was that we had a homogenous group of patients with AFRS who 

were diagnosed by standard criteria. All patients had rigid nasal endoscopy and the endoscopist was 

blinded to the IgE scores and hence the results can be taken as accurate. 
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Conclusion 

This study on patients with AFRS who underwent total serum IgE estimation and rigid nasal 

endoscopy both pre- and postoperatively shows that total serum IgE levels  is a reasonably good 

prognostic indicator in the individual patient with AFRS who is on longitudinal follow up. 

However, the test has low specificity. A combination of both total serum IgE levels and clinical 

findings may be ideal for prognostication for the individual patients with AFRS. 
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Annexure 1 

 

                                        Proforma  
 

Name                         

Age                             

Sex                              

Hospital number      

Occupation               

Address                     

Phone number         

Symptomatology                                                                 Duration (months) 

1. Nasal obstruction      Y/N  

 

2. Nasal discharge          Y/N  

  

3. Headache                    Y/N  

 

4. Facial pain                   Y/N  

 

5. Visual disturbances      Y/N 

6. Post nasal drip              Y/N 

7. Sneezing                       Y/N 

8. Epiphora                       Y/N 

            9. Periorbital swelling      Y/N 

            10. Cheek swelling           Y/N 

 Previous nasal surgery( date and type of surgery) 
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Comorbidities    : 

Diabetes Mellitus, Hypertension, Bronchial Asthma, Allergic rhinitis,Others 

Habits                 : 

Tobacco (smoking/chewing), Alcohol , Betel nut , Exposure to dust, Exposure to damp areas, 

plants/moss 

 

 

 

 

Skin Allergy Test             :  

Allergen degree 

Dust  

Food  

Fungal  

 

 

 

 

Rigid nasal endoscopy    : 

Sympto

ms 

Nasal 

obstruct

ion 

Nasal 

discha

rge 

Heada

che 

Faci

al 

pain 

Visual 

disturban

ces 

Postna

sal 

drip 

Sneezi

ng 

Epiph

ora 

Periorb

ital 

swellin

g 

Chee

k 

swelli

ng 

3m           

6m           

1 year           
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  Preoperative 3 months  6 months  1 year 

R L R L R L R L 

 

Stage 

0 

No evidence of 

disease 

        

Stage 

I 

Edematous 

mucosa 

        

Stage 

II 

Polypoid 

mucosa 

        

Stage 

III 

Polyps and 

fungal debris 

        

 

 

Absolute eosinophil count :  

 

Serum IgE levels                    : 

 

 

 

                                                     Serum IgE levels 

Date Preoperative 1 st visit 2
nd

 visit 3 rd visit 
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CT PNS FINDINGS   :     

    

 RIGHT  LEFT  

Anterior Ethmoids (0,1,2)   

Posterior  Ethmoids (0,1,2)   

Maxillary (0,1,2)   

Sphenoid  (0,1,2)   

Frontal  (0,1,2)   

Oateomeatal complex 

(0*,2**) 

  

Lund Mackay CT score  

 

  

Intra Orbital Involvement    

Intra Cranial Involvement    

Areas of bone erosions    

 

 

0     : without abnormality  

1      : partial opacification  

2      : total opacification  

0*    : no obstruction  

2 **: obstructed  
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Annexure   2                                                                                           

                              Informed Consent Form  
 

 

Study Title: Can serum IgE levels predict disease status in allergic fungal rhinosinusitis 

Study Number:  

Subject‟s Initials: __________________  

Subject‟s Name: _________________________________________ 

Date of Birth / Age: ___________________________ 

 

(Subject) 

 

(i)  I confirm that I have read and understood the information sheet dated ____________ for the 

above study and have had the opportunity to ask questions. [  ] 

 

(ii)  I understand that my participation in the study is voluntary and that I am free to withdraw at 

any time, without giving any reason, without my medical care or legal rights being affected. [  

] 

 

(iii)  I understand that the Ethics Committee and the regulatory authorities will not need my 

permission to look at my health records both in respect of the current study and any further 

research that may be conducted in relation to it, even if I withdraw from the trial. I agree to 

this access. However, I understand that my identity will not be revealed in any information 

released to third parties or published. [  ] 

 

(iv)  I agree not to restrict the use of any data or results that arise from this study provided such a 

use is only for scientific purpose(s). [  ] 
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(v)  I agree to take part in the above study. [  ] 

 

Signature (or Thumb impression) of the Subject/Legally Acceptable  

Date: _____/_____/______ 

Signatory‟s Name: _________________________________         Signature:  

 

Or 

 

 

 

Representative: _________________ 

Date: _____/_____/______ 

Signatory‟s Name: _________________________________ 

Signature of the Investigator: ________________________ 

Date: _____/_____/______ 

Study Investigator‟s Name: _________________________ 

Signature or thumb impression of the Witness: ___________________________ 

Date: _____/_____/_______ 

Name & Address of the Witness: ______________________________ 
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Annexure 3 

 

Study title: Can serum IgE levels predict disease status in allergic fungal 

rhinosinusitis? 

 

 

                                  Information sheet 

 
 

In this study, if you are diagnosed with a condition called allergic fungal 

rhinosinusitis (A chronic fungal infection of the nose and adjacent air filled tissues) by 

standard criteria, you will be requested to participate in the study and to undergo a panel of 

tests before surgery. This includes Allergic skin test (A method of diagnosing allergies by 

pricking the skin with a needle containing a small amount of the allergen), Nasal endoscopy, 

Absolute eosinophillic count (blood test), serum IgE (Estimation of a protein in the 

blood)levels and CT imaging. Post operatively you are advised to attend the ENT OPD for 

regular follow up and repeat endoscopy and serum IgE level estimation will be done at 

3months, 6 months and at the end of 1 year following your surgery. The study aims at 

finding out whether serum IgE levels can be used as an indicator in patients with a history of 

allergic fungal rhinosinusitis having active disease. 

 

 

 

 

What is AFRS? 

Allergic fungal rhinosinusitis is a chronic noninvasive fungal infection of the paranasal sinus. Even 

though the exact mechanism is not clear, IgE ( serum protein) mediated inflammatory reactions are 

involved in the causation of the disease. 

 

Does the above mentioned tests have any side effects? 

There are no side effects for any of the test. This tests are done to help us to identify and document 

the extent of your disease activity 
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What is the participation expected from your side 

As mentioned above, you are advised to come for regular follow up and to do a repeat endoscopy 

and serum IgE level estimation during the follow up periods. 

 

Can you withdraw from this study after it starts? 

Your participation in this study is voluntary and you are free to decide to withdraw from the study at 

any point of time. This will not affect your usual treatment at this hospital. 

 

Will you have to pay extra amount for the test included in the study 

All the tests included in the study are routinely done before Endoscopic sinus surgeries. Hence, you 

will not need to pay extra amount for the tests. 

 

What will happen if you develop any study related injury? 

    We do not expect any study related injury to happen to you but if any side effects happens due to 

the study, these will be treated at no cost to you. 

  Will your personal details be kept confidential? 

Your confidentiality is maintained by keeping your name and hospital number unknown. Only the 

results of the test will be published in a medical journal . The information regarding your details 

will be accessible only to the principal investigator and guide. 

 

 

If you have any further questions, please 

ask Dr. Vandana Aravind 

 

04162283483, 9633648748 

Vandana.aravind217@gmail.com 

mailto:Vandana.aravind217@gmail.com
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Data sheet 

 
 

Name  Hospital  No    Age    Sex place occupation 

Haritha 499367g 32 2 Andra Pradesh 1 

Sanjita Dey 677891g 23 2 Bangladesh 1 

Most Joynb  023315H 25 1 Bangladesh 2 

Rakhi prasad 446339g 37 2 West Bengal 1 

Rita Devi 108734H 36 2 Jharkhand 1 

Mhd Robin 102716H 32 1 Bangladesh 4 

Indra narain 537520D 57 1 Bihar 3 

Nizam 098000H 32 1 Tamil Nadu 2 

Rajhans kumar 724957G 52 1 Bihar 3 

Jamuna rani 161243H 50 2 Tamil Nadu 1 

Prakash 688065D 36 1 Tamil Nadu 4 

Rameshwr prasad 197369H 46 1 Jharkhand 4 

Kush Mandal 249049H 25 1 West bengal 3 

Savitry Devi 203398g 53 2 Jharkhand 1 

Biperaju 238438h 45 1 Andra Pradesh 4 

Jayaprakash 628994A 33 1 Tamil Nadu 3 

juhi battacharje 842593f 21 1 West bengal 4 

Tamilselvi 439889g 25 2 Tamil Nadu 1 

Annie Bella 407907D 33 2 Tamil Nadu 4 

Chandran 324679H 42 1 Tamil Nadu 4 

Ravindra sha pal 955146F 36 1 Jharkhand 3 

Nahidul Islam  248937H 31 1 West bengal 2 

Eswar Reddy 268285G 51 1 Andra Pradesh 3 

Harika 383454H 21 2 Andra Pradesh 4 

Manivanan 379416H 40 1 Tamil Nadu 2 

Ramesh 015943F 43 1 Tamil Nadu 3 

Bijyendra kumar yad 397544H 26 1 Jharkhand 3 
MD Mainul Abid 
Sourav 001709H 25 1 Bangladesh 2 

Shishir Kumar 380887H 33 1 Jharkhand 3 

Khushboo kumari 545529H 21 2 Bihar 1 

Ila das 100198H 50 2 West bengal 1 

Ajay KR Dutta 440969H 42 1 West bengal 3 

Saratha 594028H 31 2 Tamil Nadu 1 

Shabana Beegam 660805H 31 2 Andra Pradesh 1 
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s/n Name 
Hospital 

no 
Nasal 

obstruction 
Nasal 

discharge Headache 
Facial 
pain 

Visual 
disturbance 

Post 
nasal drip Sneezing Anosmia 

1 Haritha 499367g 1 1 0 0 0 0 1 0 

2 Sanjit Dey 677891g 1 1 1 0 0 0 1 0 

3 Most Joynb 023315H 1 1 0 0 0 0 1 0 

4 Rakhi prasad 446339g 1 1 1 0 0 0 0 0 

5 Rita Devi 108734H 1 1 1 0 0 0 0 1 

6 Mhd Robin 102716H 1 1 0 0 0 0 0 0 

7 Indra narain 537520D 1 1 0 0 0 0 1 0 

8 Nizam 098000H 1 1 1 0 0 0 0 0 

9 Rajhans kumar 724957G 1 1 0 0 0 0 1 0 

10 Jamuna rani 161243H 1 1 1 0 0 0 0 1 

11 Prakash 688065D 1 1 0 0 0 0 1 0 

12 Rameshwr prasad 197369H 1 1 0 0 0 0 1 0 

13 Kush Mandal 249049H 1 1 1 0 0 0 0 1 

14 Savitry Devi 203398g 1 1 1 0 0 0 1 0 

15 Biperaju 238438h 1 1 0 0 0 0 1 0 

16 jayaprakash 842593F 1 1 0 0 0 0 1 0 

17 juhi battacharjee 628994A 1 1 0 1 0 0 0 0 

18 Tamilselvi 439889g 1 1 0 0 0 0 1 1 

19 Annie Bella 4070907D 1 1 0 0 0 1 1 0 

20 Chandran 324679H 1 1 0 0 0 0 0 0 

21 Ravindra sha pal 955146F 1 1 0 1 0 0 0 1 

22 Nahidul Islam 248937H 1 1 0 0 0 0 1 0 

23 Eswar Reddy 268285G 1 1 1 0 0 0 1 0 

24 Harika 383454H 1 1 0 0 0 0 0 0 

25 Manivanan 379416H 1 1 0 1 0 0 1 1 

26 Ramesh 015943F 1 1 1 0 0 1 1 0 

27 Bijyendra kumar yad 397544H 1 1 0 0 0 0 0 0 

28 
MD Mainul Abid 

Sourav 001709H 1 1 0 0 0 0 0 0 

29 Shishir kumar 380887H 1 1 0 0 0 0 1 0 

30 Khushboo kumari 545529h 1 1 1 0 0 0 1 1 

31 Ila das 100198H 1 1 0 0 0 1 0 0 

32 Ajay KR Dutta 440969H 1 1 1 0 0 0 1 0 

33 Saratha 594028H 1 1 0 0 0 0 0 0 

34 Shabana Beegam 660805H 1 1 1 0 0 0 1 0 
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s/n Epiphora DM HTN BA Previous nasal surgery 
Periorbital 
swelling Cheek swelling ABPA proptosis Visual disturbances 

1 0 0 0 2 0 0 0 0 0 0 

2 0 0 1 0 0 0 0 0 0 0 

3 0 0 0 2 1 0 0 0 0 0 

4 0 0 0 0 1 0 0 0 0 0 

5 0 0 0 2 0 1 0 0 0 0 

6 0 0 0 0 0 0 0 0 0 0 

7 0 0 0 0 1 0 0 0 0 0 

8 0 0 0 0 0 0 0 0 0 0 

9 0 0 1 0 0 0 0 0 0 0 

10 1 0 1 0 0 0 0 0 0 0 

11 0 0 0 0 1 0 0 0 0 0 

12 0 0 0 0 1 0 0 0 0 0 

13 0 0 0 0 0 0 0 0 1 1 

14 0 0 1 0 0 0 0 0 0 0 

15 0 0 1 0 0 0 0 0 0 0 

16 0 0 0 0 0 0 0 0 0 0 

17 0 3 0 0 1 0 0 0 0 0 

18 0 0 0 0 0 0 0 0 0 0 

19 0 0 0 0 0 0 0 0 0 0 

20 0 0 1 0 0 0 0 0 0 0 

21 0 0 0 0 1 0 0 0 0 0 

22 0 0 0 0 0 0 0 0 0 0 

23 0 0 1 2 0 0 0 0 0 0 

24 0 0 0 0 0 0 0 0 0 0 

25 0 0 0 0 0 0 0 0 0 0 

26 0 0 0 0 1 0 0 0 0 0 

27 0 0 0 0 0 0 0 0 1 0 

28 0 0 0 0 1 0 0 0 0 0 

29 0 0 0 0 0 0 0 0 0 0 

30 0 0 0 0 0 0 0 0 0 0 

31 0 3 1 0 0 0 0 0 0 0 

32 0 0 0 0 0 0 0 0 0 0 

33 0 0 0 0 1 0 0 0 0 0 

34 0 0 0 0 0 0 0 0 0 0 

s/n 
Hospital 
no 

Fungal 
culture 

Dust 
allergy 

Food 
allergy 

Fungal 
allergy AEC 

1 499367g Negative 1 0 0 
 2 677891g Aspergillus 1 0 0 500 

3 023315H Aspergillus 1 0 0 100 

4 446339g Aspergillus 1 1 1 
 5 108734H Aspergillus 1 1 1 300 

6 102716H Negative 1 1 1 100 
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7 537520D Aspergillus 1 1 0 160 

8 098000H Aspergillus 0 1 1 100 

9 724957G Aspergillus 1 1 0 600 

10 161243H Aspergillus 1 0 1 1890 

11 688065D Aspergillus 1 0 0 
 12 197369H Negative 

   
900 

13 249049H Aspergillus 1 1 0 500 

14 203398g Aspergillus 1 1 1 800 

15 238438h Aspergillus 1 1 0 500 

16 628994A Aspergillus 1 1 1 800 

17 842593F Aspergillus 1 1 1 320 

18 439889g Aspergillus 1 1 0 820 

19 407907D Aspergillus 1 1 1 100 

20 324679H Aspergillus 0 0 1 450 

21 955146F Aspergillus 1 1 1 690 

22 248937H Aspergillus 1 1 1 600 

23 268285G Aspergillus 1 0 1 
 24 383454H Aspergillus 

   
250 

25 379416H Aspergillus 0 0 1 500 

26 015943F Negative 1 1 1 200 

27 397544H Aspergillus 1 1 1 670 

28 001709H Aspergillus 1 0 0 100 

29 380887H Aspergillus 1 0 0 200 

30 545529H Aspergillus 1 0 0 300 

31 100198H Aspergillus 1 1 0 100 

32 440969H Negative 0 0 0 
 33 594028H Aspergillus 1 1 1 240 

34 660805H Aspergillus 1 1 1 100 
 

s/n RNE(Grading) LM ct grad(R) LM ct grad(L) 
Intracranial 
involve 

Intra orbital 
involvement Bone erosions 

1 3 
 

12 12 0 0 0 
 

2 3 
 

11 8 0 0 0 
 

3 2 
 

12 12 0 0 0 
 

4 3 
 

10 5 0 0 1 
 

5 2 
 

5 3 0 0 1 
 

6 3 
 

12 12 0 0 0 
 

7 2 
 

4 8 0 0 0 
 

8 3 
 

7 5 0 0 0 
 

9 3 
 

7 5 0 0 0 
 

10 3 
 

12 12 0 0 1 
 

11 2 
 

11 8 0 0 0 
 

12 2 
 

9 2 0 0 0 
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13 3 
 

12 12 1 0 1 
 

14 3 
 

10 10 0 0 0 
 

15 3 
 

12 0 0 0 1 
 

16 2 
 

12 12 0 0 0 
 

17 2 
 

2 9 0 0 0 
 

18 3 
 

0 12 0 1 1 
 

19 2 
 

0 9 0 0 0 
 

20 2 
 

12 0 1 0 1 
 

21 2 
 

4 6 0 0 0 
 

22 3 
 

12 5 0 0 0 
 

23 3 
 

10 1 0 0 1 
 

24 2 
 

0 12 0 0 0 
 

25 2 
 

11 4 0 0 0 
 

26 3 
 

12 12 0 0 0 
 

27 3 
 

12 12 1 0 1 
 

28 2 
 

2 11 0 0 0 
 

29 3 
 

12 12 0 0 0 
 

30 3 
 

11 12 0 0 0 
 

31 3 
 

2 12 0 0 0 
 

32 2 
 

11 11 0 0 0 
 

33 2 
 

12 9 0 0 0 
 

 
              34 3 

 
10 8 0 0 0 

 

 

s/n Hospital no         Preop IgE 
Post op 
IgE 

     Post op Kupferberg  
staging 

1 499367G 437.2 428.3 0 

2 677891G 1359.4 599.8 0 

3 023315H 4909 3900 1 

4 446339g 1403.8 540.4 0 

5 108734H 167.6 79.9 1 

6 102716H 1375 616.5 1 

7 537520D 1088.9 245.3 0 

8 098000H 1358.2 335.9 0 

9 724957G 489 211.6 0 

10 161243H 1496.2 15000 0 

11 688065D 713.9 1417.2 1 

12 197369H 1505.3 868.2 0 

13 249049H 3471.6 3061.9 0 

14 203398g 2604.3 1132.7 0 

15 238438h 2326.3 906.6 0 

16 628994A 2147.9 1037 0 

17 842593F 3699.8 2355.1 0 

18 407907D 1520.5 2006.8 0 

19 439889g 1728.8 807 2 
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20 324679H 1396.2 583.7 0 

21 955146F 2122 1801.3 0 

22 248937H 1539.4 1523.4 1 

23 268285G 153.2 231.1 0 

24 383454H 702.8 367.3 0 

25 379416H 741.9 760.3 1 

26 015943F 220.4 264 0 

27 397544H 1524 1036.1 1 

28 001709H 3071.2 2901 0 

29 380887H 2931.5 3542.4 1 

30 545529H 6548.2 2277.6 0 

31 100198H 1889.2 851 0 

32 440969H 330.8 204.2 0 

33 594028H 3210.5 3125.8 0 

34 660805H 2977.5 1564.1 0 

      

 

 


