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ABSTRACT 
 
Objectives 
Endoscopic Sinus Surgery (ESS) is considered to be the golden standard for surgery in 
patients with chronic rhinosinusitis and nasal polyposis. However, there is still a small 
group of patients unresponsive despite repetitive surgery. Radical surgery aimed at 
reduction of the inflammatory burden and optimization of drainage of the sinuses has been 
suggested as a last resort for these patients. 
 
Study design 
A prospective, questionnaire-based study was conducted in a group of 23 patients who 
underwent Denker’s procedure for refractory chronic rhinosinusitis. Symptoms were 
evaluated before Denker’s procedure and 12 months and 2 years after surgery. 
 
Results 
Patients reported improvement of feelings of congestion in 74%, rhinorrhea in 70%, and 
nasal obstruction in 60% of the cases. The following postoperative improvements were 
statistically significant: rhinorrhea (p=0.001), feelings of congestion (p=0.02), and nasal 
obstruction (p=0.03). Reduced olfactory perception and asthma did not improve.  
 
Conclusion 
Radical surgery may be a viable treatment option in case of recurrent ESS failure. 
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INTRODUCTION 
 
The introduction of Functional Endoscopic Sinus Surgery (FESS) has revolutionized the 
surgical treatment of patients with chronic rhinosinusitis and/or nasal polyposis (CRS/NP).1-

4 In contrast to traditional surgical approaches based on opening of the sinuses and 
extensive removal of inflamed mucosa, FESS is an approach aiming at restoration of 
ciliary transport and preservation of lining mucosa through minimal invasive surgery on the 
ostiomeatal unit.2,3 Several long-term outcome studies on FESS show a 80% to 90% 
success rate, supporting this approach as the golden standard for surgery in CRS/NP.4-8 
 
However, some patients fail to respond to FESS. The vast majority of first-time FESS 
failures may benefit from a revision procedure, with success percentages in the order of 
50% to 70%.5,6 Nonetheless, the success rate of these revision endoscopic sinus surgery 
procedures, decreases with each following intervention. A small percentage (estimated 
5%) of CRS/NP patients remains with recurrent disease despite repetitive ESS procedures 
combined with optimal medical therapy. The optimal management for this group of patients 
remains ill defined. These patients are typically characterized by extensive disease (high 
Lund-Mackay scores9-11) and comorbidity such as asthma, allergy, and aspirin intolerance, 
all of which have been identified as adverse prognostic factors of CRS/NP in the ESS-
treated population.4,5,12 In addition, nasal endoscopic assessment often reveals extensive 
disease with adhesions and/or synechia caused by chronic mucosal inflammation and 
repeated surgical interventions. Signs of damaged ciliary function like mucus entrapment 
are also regularly observed in these patients. This clinical picture may be further 
complicated by chronic inflammatory involvement of underlying bone (osteitis), which has 
been identified as a possible source of ESS failure.12,13 Based on these characteristics and 
on the repeated failure of functional intervention, it may be concluded that restoration of 
ciliary transport will not be achieved in these patients. Radical surgery aiming at reduction 
of the inflammatory burden (including reduction of mucosal and bone surface), maximal 
drainage, and aeration of the diseased field has been suggested as a last resort for these 
patients.14,15 
 
In this present study, we have prospectively assessed symptom reduction and the need for 
further revision surgery after Denker’s procedure in patients with refractory rhinosinusitis 
treated with radical surgery. The surgical procedure used in these patients is the method 
first described by Denker in 1906 for the treatment of sinonasal malignancies. It combines 
all sinuses, except the frontal sinus, into 1 big cavity (Figure 1). Our data suggest that 
radical surgery may be a viable treatment option to achieve symptom reduction after 
repetitive ESS failure. 
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Figure 1. (A) normal anatomy; (B) situation after Denker’s surgery; the ethmoid, the lateral wall of the nasal 
cavity, and the middle and lower turbinate are being removed. 
 

 
 
 
MATERIAL AND METHODS 
 
Inclusion criteria 
Between 1999 and 2002, patients who were scheduled for radical sinus surgery, according 
to Denker, as a last resort for refractory rhinosinusitis enrolled in this study. All patients 
were treated at the Erasmus Medical Centre Rotterdam for persistent CRS/NP after a 
minimum of 3 ESS procedures and appropriate medical treatment regimens (nasal saline 
solution irrigations, antibiotics courses of more than 2 weeks, and topical and/or systemic 
steroids). Patients with CRS/NP because of craniomalformations and anatomic changes of 
the nose and paranasal sinuses as a result of trauma were excluded. Also, patients with 
malignant disease and inverting papilloma of the nose and sinuses were not included. 
Other exclusion criteria were cystic fibrosis, primary ciliary dyskinesia, systemic vasculitic 
or granulomatous disease, and immunodeficiency disorders. Comparison of preoperative 
and postoperative symptom scores and the further need for revision surgery after Denker’s 
procedure were used as clinical endpoints of outcomes, as described in detail later. 
 
Methods 
The local ethics committees approved the trial. Informed consent was obtained from each 
subject before he/she entered the study. A disease-specific questionnaire was developed 
for the purpose of this study as described previously.15 The questionnaire included 
CRS/NP-related symptoms, which were assessed on a 1 to 10 scale. A score of 1 
represented no symptoms and a score of 10 represented the worst possible complaints. 
Other details included in the questionnaire were age at the start of the symptoms, age at 
the first sinonasal surgery, and the total number of surgical interventions. In addition, the 
questionnaire assessed the number of surgical revision procedures preceding Denker’s 
procedure. Questionnaires were distributed among patients during outpatient visits 
preoperatively and 12 and 24 months after surgery. The number of revision procedures 
after Denker surgery was collected from medical charts. 
 
Statistical analysis 
All data were entered into a computerized database, and data analysis was conducted 
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using SPSS statistical software (SPSS Inc, Chicago, IL). Preoperative data were compared 
with data after Denker’s procedure using Friedman tests. When the preoperative 
symptoms were significantly different from the postoperative symptoms, Wilcoxon rank 
tests were performed to determine which of the complaints at a certain time point actually 
were significantly different from the preoperative situation. 
 
 
RESULTS 
 
Patient characteristics 
Between 1999 and 2002, 24 patients underwent Denker surgery for refractory 
rhinosinusitis and were included in the study. Twenty-three of them completed all pre- and 
postoperative questionnaires. One patient only completed the preoperative questionnaire 
and was excluded from the study. Patients (11 women and 12 men) ranged in age from 27 
to 69 years, with a median of 50 years. Evaluation of medical histories showed that 
patients had suffered from CRS/NP for a median of 15 years (range, 4-59). The median 
age at which the first sinonasal surgical procedure was performed ranged from 12 to 55 
years, with a median of 32 years. Patients had undergone a median of 6 sinonasal 
operations (range, 3-11) before inclusion in the present study (Table 1). CRS/NP 
complicating comorbidity was present in a high number of patients including 16 patients 
(70%) with concurrent asthma, 4 patients (17%) with aspirin intolerance, and 6 patients 
(26%) with an atopic constitution. Diagnostic workup showed the combination of chronic 
rhinosinusitis and nasal polyposis in 15 patients (65%) and chronic rhinosinusitis without 
signs of nasal polyposis in 8 patients (35%). Denker’s procedure was performed bilaterally 
in 14 patients, and 9 patients underwent a unilateral operation. Before Denker’s procedure, 
14 patients (61%) showed total opacification of 3 or more sinuses. 
 
 

Table 1

Patient characteristics before Denker’s procedure

Patients 23 (12 men, 11 women)
Median age 50 y (range, 27-69)
Sinonasal complaints Median 15 y (range, 4-59)
Opacity of sinuses in preoperative CT scanning

Maxillary sinus 20 (87%)
Ethmoidal sinus 21 (91%)
Sphenoid sinus 13 (57%)
Frontal sinus 19 (83%)

Age at first sinonasal surgical operation Median 32 y (range, 12-55)
Number of previous procedures Median 6 (range, 3-11)
Previous surgical interventions

Infundibulotomy 23 (100%)
Ethmoidectomy 21 (91%)
Sphenoidectomy 1 (4%)
Frontal surgery 5 (22%)
Claoué 8 (35%)
Caldwell-Luc 10 (43%)
Polypectomy 11 (48%)

Active smoker 1 (4%)
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Comparison of median symptom scores before and after surgery 
Preoperative symptoms. Before Denker surgery, patients predominantly complained of 
feelings of congestion, nasal obstruction, rhinorrhea, olfactory disturbance, and asthma 
(median score, ≥8). Postnasal drip, facial pain, headache, coughing, and nasal crusts were 
rated as moderate (median score, 5-7). The remaining symptoms had a lower score and 
were of minor importance (median score <5) (Table 2). 
 
Postoperative symptoms. Median scores of important symptoms with high preoperative 
scores are shown in Figure 2. Seventy per cent of the patients had reduction of overall 
symptomatology (median of facial pain, headache, feelings of congestion, coughing, 
sinonasal crusting, nasal obstruction, postnasal drip, olfactory disturbance, rhinorrhea, 
dental pain, and tears) as detailed in Figure 3. Analysis of individual symptoms showed 
that more than 60% of the patients reported improvement of symptoms rated 
preoperatively as severe, including feelings of congestion (74%), rhinorrhea (70%), and 
nasal obstruction (60%, Figure 3). Statistical analysis showed that improvement in 
rhinorrhea (p=0.001), feelings of congestion (p=0.02), and nasal obstruction (p=0.03) was 
significant. Improvement in these symptoms was evident at the 12-month follow-up and 
remained stable at the 24-month follow-up (rhinorrhea p12=0.001 and p24=0.002, feelings of 
congestion p12=0.007 and p24=0.02, nasal obstruction p12=0.02 and p24=0.005). Patients 
reported no significant change in olfactory loss and asthma after surgery (Table 2). 
 
Of symptoms rated as moderate in severity, greater then 50% of the patients reported 
improvement of postnasal drip (70%), facial pain (61%), nasal crusts (57%), and headache 
(52%). In addition, no improvement was reported in symptoms preoperatively reported as 
low in intensity (Table 2).  
 
 
Figure 2. Median symptom scores on different time points. 
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Table 2

Symptoms before and after Denker’s procedure (end of follow-up)

Before Denker After Denker

Median
(25th-75th)
percentile Median

(25th-75th)
percentile

Feelings of congestion 9 6-10 5 1-9
Nasal obstruction 8 7-10 3 1-8
Rhinorrhea 8 5-8 4 2-7
Olfactory disturbance 8 1-10 8 2-10
Asthma 8 4-10 8 5-8
Postnasal drip 7 4-8 5 2-8
Facial pain 7 1-8 4 1-8
Headache 7 4-9 5 1-9
Coughing 6 3-8 5 1-8
Nasal crusts 5 4-9 5 3-6
Tears 3 1-6 5 1-8
Epistaxis 2 1-3 1 1-5
Vision disturbance 2 1-6 4 3-6
Dental pain 1 1-6 4 1-8

 
 
 
Figure 3. Percentage of patients showing improvement after Denker’s procedure for CRS/NP at a median of 
24 months postoperative. 

 
 
 
Revision surgery after Denker’s procedure 
Revision surgery was not indicated for any of our patients within 2 years after surgery. One 
patient had an oroantral fistula without clinical symptoms. Three patients remained with 
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severe complaints of headache and facial pain. Subsequent endoscopic and radiographic 
examination did not reveal a pathologic substrate in these patients. No complications 
occurred. 
 
 
DISCUSSION 
 
The present prospective series shows that radical surgery (Denker’s procedure) is a viable 
option in patients with refractory chronic rhinosinusitis and nasal polyposis who are 
unresponsive to optimal medical treatment and repetitive ESS. The patients in this series 
were marked by severe clinical symptoms as well as endoscopically and radiographically 
identifiable inflammation of the sinonasal field after a minimum of 3 ESS procedures and 
maximal medical treatment. Even in third-referral sinus centres like the Academic Medical 
Centre, Amsterdam, and the Erasmus University Medical Centre, Rotterdam (The 
Netherlands), this procedure is performed in a very limited number (about 3%) of the 
patients with persistent disease after ESS. These patients were deemed ESS resistant, 
and radical surgery combining the ethmoid, maxillary sinus, and if necessary the sphenoid 
sinus into 1 big cavity was applied (Denker’ s procedure). Patients were prospectively 
followed with the use of disease-specific questionnaires to assess the effect of radical 
surgery on symptom scores. 
 
Preoperatively, patients complained predominantly of severe feelings of congestion, nasal 
obstruction, rhinorrhea, decreased olfactory perception, and asthmatic symptoms. In 
addition, patients reported postnasal drip, headache, facial pain, and coughing as 
symptoms of moderate severity. Our data suggest that Denker’s surgery impacts 
significantly on feelings of congestion, nasal obstruction, and rhinorrhea at 2 years of 
follow up. After surgery, 74% of patients reported improvement of feelings of congestion, 
rhinorrhea was improved in 70%, and 60% of the patients noted improvement of nasal 
obstruction. Comparison of median symptom scores for these parameters showed that the 
decrease in severity was statistically significant. 
 
In addition to these symptoms, our data suggest that radical surgery may result in 
improvement of postnasal drip, headache, and facial pain, but these findings did not reach 
statistical significance in this small group of patients. The surgical approach presented 
here did not show an impact on olfactory disturbance and asthmatic disease that was 
preoperatively present in a large number of our patients. Persistence of olfactory 
disturbance in these ESS-resistant patients may result from the extensive disease, 
damaged mucosal surface, and damage to the middle turbinate and normal anatomy. 
Persistence of asthma in our patients may be explained by the disturbance of intranasal 
humidification and heating of inspired air, resulting in reduced air conditioning mainly 
caused by a disturbed airflow.16,17 However, the effect of sinus surgery on olfactory 
perception and asthma needs better documentation before more definitive conclusions 
may be drawn. 
 
Ocular symptoms like tears and visual disturbance or blurry vision caused by epiphora are 
occasionally seen after radical surgery of the paranasal sinuses. These symptoms are 
caused mostly by impaired function of the lacrimal duct as a consequence of surgery. 
Postoperative nasal crusts or scar tissue can obstruct the lacrimal duct, which secondarily 
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leads to these eye symptoms. In the subjects of this study, the scores of tears and visual 
disturbance were mild in the preoperative situation (<5). The impression that the scores 
increased was not statistically significant. Nevertheless, it is recommended to counsel 
patients preoperatively about the small risk of increase in visual symptoms. 
 
As has been shown earlier, this procedure does not result in the “empty-nose 
syndrome.”18,19 None of these patients developed ozena. Moreover, crusts were reduced 
by Denker’s procedure in combination with nasal rinsing twice daily. Contrary to what is 
often believed, the large cavity comprising the nasal cavity and all sinuses does not seem 
to lead to the feeling of nasal obstruction or fullness. The Denker cavity is getting smaller in 
time caused by apposition of bone and collagen along the lateral wall. 
 
Although literature on this group of refractory patients is very limited, some results of this 
study are more or less comparable to published data on revision ESS from 
Bhattacharyya,20 who reports improvement of nasal obstruction, one of the major CRS/NP 
symptoms. Other symptoms (headache and hyposmia) improved in these results as well. 
As mentioned in the introduction, all patients were unresponsive to the conventional 
treatment with decongestants, long courses of antimicrobials, and nasal and systemic 
steroids combined with intensive nasal rinsing. After surgery, there were no other or 
different medical treatments added. Patients were postoperatively treated with prolonged 
courses of antimicrobials and nasal steroids if necessary, comparable to the situation 
before surgery. It is therefore most likely that the improvement of the symptoms after 
radical surgery is purely caused by the surgical intervention. At the time of the last follow-
up, none of the 15 (65%) patients with severe nasal polyposis had a substantial recurrence 
of obstructive polyps. This subpopulation was not significantly different from the group of 
patients without signs of polyposis. We did not find a significant association between 
asthma, which affected 70% of our CRS/NP patients, and the outcome after radical 
surgery. 
 
The present findings represent a prospective validation of our previously published 
retrospective data showing significant symptom improvement after radical salvage of 
recurrent ESS failure.15 However, before more definitive conclusions may be drawn, 
several limitations need to be addressed. A clear limitation of the present study involves 
the limited number of patients available for analysis and the relative short-term follow-up. 
These limitations may be addressed in future work through multi-institutional collaborative 
efforts. In addition, the mere analysis of subjective outcome measures is an important 
limitation of our study. Previous work by Kennedy and colleagues21 has shown that 
subjective and objective outcome measures are commonly discrepant at 2 years of follow 
up after FESS. As poor objective disease resolution with absence of clinical symptoms 
may be an indicator of long-term failure,21 we believe that future studies should include 
both objective as well as subjective outcome measures in their analysis. Thirdly, it is clear 
that the appropriate appraisal of the effect of radical surgery on FESS failure is contingent 
on the appropriate selection of patients. The present work has used the failure of 3 
successive ESS operations as a justification for radical surgery. This cutoff was arbitrarily 
chosen and needs more objective definition. 
 
We conclude that the management of ESS-resistant CRS/NP is a significant clinical 
problem that is underrepresented in the present literature. Our prospective data suggest 
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that radical surgery may be a viable treatment option in patients with ESS-resistant 
CRS/NP. 
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