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WHY DO WE HAVE PARANASAL SINUSES? 
 
In a healthy condition, we are not aware of the existence of the paranasal sinuses. 
However, when inflamed, the sinuses are able to cause extended problems and 
substantial discomfort. Nowadays otorhinolaryngologists treat rhinosinusitis with different 
types of medical regimes and if needed they perform sinus surgery in this area inside the 
head with variable anatomy. “Good progress” one could say, but an obvious question like 
“why do we have paranasal sinuses?” appears hard to answer. Leonardo Da Vinci once 
thought that the maxillary sinus contains the humor which nourishes the teeth.1, 2 Although 
far ahead of his time, this was not a correct conclusion. In the last centuries, more theories 
trying to answer the same question have been postulated and can be divided in plausible 
and not plausible. 
 
 
Not plausible 
 
• Air-conditioning of the inspired air  

Till today, it has been suggested that the sinuses play their part in humidifying and 
warming the inspired air. However, the amount of air that is exchanged during 
respiration is limited.3-6 According to reports, only one-thousandth of the air volume of 
the sinuses is exchanged during one respiration cycle, making the contribution to 
adequate warming and humidification limited.7, 8 
 

• Increasing the olfactory area  
Around the 1830’s, Cloquet proposed that the sinuses were covered with olfactory 
epithelium. A well developed sinus system would in this way increase the capacity to 
smell.9 However later it was clearly demonstrated that only a limited area of the human 
nasal mucosa was reserved for olfaction. Only the upper part of the superior nasal 
turbinate, the roof of the nasal cavity and a small part of the cranial nasal septum, 
contain olfactory epithelium.10-12  
 

• Resonance of the voice  
In the 17th century it has been suggested that the sinuses play a role in giving the voice 
a particular quality or timbre. Negus however performed a comparative anatomical 
study, and found that there was no relation between the presence or absence of the 
paranasal sinuses and the voice.6 This thought was strengthened by the realization of 
some authors that the sinuses have poor physical qualities to be a good resonator.3, 13 
Important shortcomings are the small sinus ostia covered by turbinates and the lining of 
the sinus walls with vibration-dampening mucosa.  
 

• Thermal insulation 
Proetz proposed the possible role of the sinuses providing thermal insulation to vital 
parts in the cranium.5 However, Eskimos often possess no frontal sinuses,14 whereas 
Africans often have large ones.15, 16 

 
• Absorbing trauma 

Studying extended air spaces over the cranial vault, into the hollowed horns of 
ungulates, Negus proposed that the sinuses might absorb trauma and protect sensory 
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organs.6, 17 Blaney pointed out the great inter-species variability and noted that most 
species appearing to suffer high impact trauma to this area had very small sinuses.12  
 

• Lightening of the skull  
Several authors suggest that sinuses might have developed to lighten the skull to 
facilitate balance maintenance of the head.18, 19 Others calculated that the weight would 
only increase by 1 per cent if the sinuses were composed of spongy bone.20 
Electromyographic investigations of the neck musculature during loading of the anterior 
aspect of the head, show that sinuses are not significant as weight reducers.21 
 

• Flotation device  
It has been suggested that monkeys developed the sinuses to easier keep the head 
including the nasal cavity, out of water.22 Others noticed that the same group of sinuses 
occur in all African apes, and they considered it extremely unlikely that an aquatic way 
of life was the driving force behind this evolutionary process.23   
 

• Secretion of mucus to moisten the nasal cavity  
This theory was proposed by Haller,24 but it is now known that the sinus mucosa 
contains a thousand fold less glands than the mucosa of the nasal cavity.25  

 
 
Plausible 
 
• Aiding facial growth and skull enlargement  

Proetz proposed that the human frontal and maxillary sinuses might be designed to 
assist forward and downward growth of the face and adjust the enlargement of the 
cerebral cranium.26 However, Negus critically noted that individuals with small frontal 
sinuses do not show deficient facial growth in substantial numbers.17 Takahashi 
considered that the sinuses originally developed as an aid to olfaction in ancestral 
species and that function altered during the evolutionary process of mammals from 
ancestral primate to human. Key features were the retraction of the maxilla-facial 
massif and cerebral enlargement and that the sinuses arose as the result of an 
increase in the angle between the forehead and the frontal cranial base and a decrease 
angle of the cranial base at the sella turcica.27   
 

• Evolutionary remnants 
The sinuses could just be unwanted residual spaces.6 It has been stated that their 
presence does not require additional explanation; we have them because our ancestors 
had them.23  
 

• Immune defense and production of Nitric Oxide 
The paranasal sinuses seem to be an adjunct in the immune function of the nose, with 
the production of immunoglobulins and lytic enzymes which destroy peroxidases and 
peptidoglycans of bacterial cell walls.7 Nitric oxide has been proven to be produced in 
the sinuses in substantial volumes and acts as an inhibitor of viral and bacterial growth 
and up regulates the ciliary beat frequency.28, 29  
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In an attempt to come to a conclusion it is likely to believe that the sinuses arose as an aid 
for facial growth and architecture, or that they persist as residual remnants of an 
evolutionary structure with an as yet unknown purpose. In doing so, they have found an 
additional role as an adjunct to the nasal cavity immune system.30 Realizing the difficulties 
in finding an answer to the seemingly easy question “why do we have paranasal sinuses?”, 
puts research in this field in perspective. Although the function of the sinuses is not known, 
it did become clear that in humans in particular, sinuses can cause significant problems of 
which the incidence seems to rise in the western world. Recalcitrant chronic rhinosinusitis 
and its difficulties in diagnosis and treatment is therefore the subject of this thesis. 
 
 
WHAT IS NORMAL PARANASAL SINUS ANATOMY AND PHYSIOLOGY? 
 
The nose and paranasal sinuses constitute a collection of air filled spaces within the 
anterior skull. They are named after the bones in which they are located and are called the 
maxillary, frontal, ethmoid and sphenoid sinus (see Figure 1). The anatomy of the sinuses, 
the ethmoidal cells in particular, demonstrates a great variability between individuals. This 
has implications for treatment of sinusitis, especially for sinus surgery. The paranasal 
sinuses develop as invaginations from the nasal cavity that extend into the facial bones. 
The maxillary and ethmoid sinus appear during the fetal phase of life and the sphenoid and 
frontal sinus develop during childhood.31, 32 Further development of all sinuses takes place 
from childhood until puberty. 
 
The paranasal sinuses communicate with the nasal cavity through small apertures, which 
are called ostia in the maxillary and sphenoid sinus. The frontal sinus has a frontonasal 
recess that drains into the middle meatus of the nasal cavity. The multiple cell complex of 
the ethmoid has several openings. The sinus ostia play a fundamental role in the normal 
functioning of the sinuses. Most crucial is the ostiomeatal complex. This is a functional unit 
comprising the ostium of the maxillary sinus, the ostia of the anterior ethmoidal cells, the 
infundibulum, the hiatus semilunaris and the middle meatus. A patent ostiomeatal complex 
allows mucociliary clearance, as well as sufficient ventilation of the sinus, and is vital for 
the preservation of a healthy sinus-environment.33  

 
The nasal cavity and its adjacent paranasal sinuses are lined by pseudostratified columnar 
ciliated epithelium. This epithelium contains goblet cells and nasal glands, producers of 
nasal secretions that keep the nose moist and form mucus. Particles and bacteria can be 
caught in this mucus, rendered harmless by enzymes like lysozyme and lactoferrin, and 
they are transported towards the nasopharynx, heading for the esophagus. Transport of 
the mucus in the sinus itself towards the ostia follows distinct patterns. Cilia play an 
important part in this mucus transport. Their key role becomes clear in pathological 
situations, for example in patients with ciliary dyskinesia, or patients with abnormal 
thickened mucus as we find in cystic fibrosis.   
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Figure 1. Sagittal section of the nasal cavity, sinuses and palate. The medial bony part of the sinuses has 
been removed to show the inside of the right paranasal sinus system.31 
 

 
 
 
WHAT ARE PATHOPHYSIOLOGICAL CHARACTERISTICS OF CHRONIC 
RHINOSINUSITIS? 
 
The mucosa of the nose and sinuses form a continuum. Inflammation of the nasal mucosa, 
frequently involves the mucous membranes of the sinuses, hence the term “rhinosinusitis”. 
Chronic RhinoSinusitis (CRS) has been defined in the European Position Paper on 
Rhinosinusitis and Nasal Polyps (EP3OS) as the presence of the following symptoms: 
nasal blockage or nasal discharge, combined with facial pain and/or loss of smell for more 
than 12 weeks. The definition is completed by endoscopic signs and/or Computed 
Tomography (CT) scan changes.34 An estimated prevalence of 146 per 1000 people has 
been reported, ranking it as one of the most prevalent chronic diseases.35 CRS has 
negative influence on daily life and social functioning and it has severe impact on lower 
airway disease. It is one of the most common health care problems with consequences like 
significant medical costs, loss of productivity and absence of work.35-38   
 
CRS covers a spectrum of disease entities with potential different underlying 
pathophysiological mechanisms, and is considered a multi-factorial disease. Factors 
contributing can be mucociliary impairment, (bacterial) infection,39 allergy,40 swelling of the 
mucosa for other reasons (for example hormonal driven congestion during pregnancy41), 
but only rarely physical obstruction caused by morphological or anatomical variations in the 
nasal cavity or paranasal sinus.42 Problems occur if the ostium patency is not sufficient for 
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the amount of mucus, or if ciliary function is impaired. Stasis of secretions follows and 
bacterial export ceases, causing or exacerbating inflammation of the mucosa. Even more 
ciliary dysfunction is caused by the further decrease in ventilation. This vicious cycle can 
be difficult to break, and if conditions persist, it can result in chronic disease. Chronic CRS 
is treated with intensive nasal rinsing, topical steroids and systemic antibiotics. If 
symptoms are not reduced by medical treatment, endoscopic sinus surgery is performed in 
an attempt to create adequate ostia opening providing sufficient ventilation and drainage. 
Despite these patent postoperative ostia, mucosa persists to be inflamed in some 
recalcitrant cases, when viewed during nasal endoscopy.  
 
The presence of nasal polyps has substantial interest in literature. On one end of the 
spectrum we can distinguish CRS without nasal polyps, on the other end there is nasal 
polyposis seemingly without CRS. As in CRS without polyps facial pain, headache, 
rhinorrea, and postnasal drip are frequent symptoms, patients with nasal polyps more often 
complain about nasal blockage and loss of smell. Clear differentiation between these 
disease identities seems impossible to date. The question remains as to why the 
ballooning of mucosa develops in polyposis patients and not in all CRS patients. Nasal 
polyposis is considered a subgroup of CRS (see Figure 2). Better identification and 
understanding of these subgroups is one of the greater challenges in the field of CRS 
research.    
 
 
Figure 2. Chronic rhinosinusitis and nasal polyposis. 

 
 
 
 
 
 
 
 

 
 
In addition to clinical profiles, pure CRS and nasal polyposis can be differentiated by 
cytokines, mediators and cellular profiles. Markers for CRS could possibly be derived from 
inflammatory cells, remodeling processes linked to fibrosis or oedema formation, or from 
innate or adaptive immunity products like Toll-like receptors or immunoglobulins. The 
Th1/Th2 polarization could also be a differentiator. Whereas CRS is more a Th1 polarized 
disease, nasal polyposis reveals more of a Th2 polarization, accompanied by abundant 
eosinophil and IgE formation.43 Predominant cells in CRS are neutrophils,44-46 but 
eosinophils,47,48 macrophages,47 lymphocytes,46 mast cells48 and basophils are also 
regularly observed.44, 45 The mucosal lining in CRS is characterized by basement 
membrane thickening, goblet cell hyperplasia, and subepithelial oedema. A range of 
mediators and cytokines has been described to be increased in CRS versus inferior 
turbinate control tissue. This comprises interleukin-1 (IL-1), IL-3, IL-6, IL-8, tumor necrosis 
factor α (TNF-α), granulocyte macrophage colony stimulating factor (GM-CSF), intercellular 
adhesion molecule 1 (ICAM-1), myeloperoxidase (MPO), and eosinophil cationic protein 

chronic rhinosinusitis nasal polyps 
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(ECP).43, 48-54 Although research in this field is in progress, definite classification awaits 
further insight into pathomechanisms and exploration of appropriate disease markers. 
 
 
WHAT IS RECALCITRANT CHRONIC RHINOSINUSITIS? 
 
Patients with recalcitrant CRS are characterized by decreased quality of life caused by 
ongoing and invalidating symptoms of headache, facial pain, reduction of smell, rhinorrea 
and postnasal drip. In many cases nasal crusts, nosebleeds and fatigue cause daily 
problems. Although treated optimally with medication and surgery, these complaints persist 
for many months, usually years. On nasal endoscopy congestive, inflamed mucosa, with 
nasal secretions, crusts and sometimes synechia can be observed, despite sufficient open 
ostia. Polyps or polypoid mucosal changes can also be present. Patients often have 
substantial comorbidity such as asthma, allergy, and aspirin intolerance, all of which have 
been identified as adverse prognostic factors of CRS in the ESS-treated population.55, 56 
CT scans are typically characterized by extensive disease (high Lund-Mackay scores,57, 58 
sometimes combined with additional signs of prolonged disease processes like osteitis of 
the sinus bone). 
 
In some patients chronic inflammation can be explained by underlying disease. Cystic 
fibrosis or congenital mucociliary abnormalities can cause problems with the clearance of 
mucus and cause recalcitrant CRS. Known systemic vasculitis or granulomatous disease 
like Wegener’s disease surfaces in some patients after more extensive evaluation. 
Immunodeficiency varying from low immunoglobulin status to HIV-positivity/AIDS, can be 
the underlying cause of the recalcitrant nature of CRS. To improve the sinonasal situation 
in these patients, the underlying condition has to be treated as well.   
 
In a majority of patients suffering from recalcitrant CRS, no other underlying etiology is 
found. However, there are etiological suspects under attention. The apparent and usual 
suspects are bacteria. However, their role in recalcitrant CRS is not well understood. A 
number of studies report on the microbiology of middle meatus and sinus cultures,59 but 
the contribution of these pathogens to disease remains a matter of debate. Perhaps they 
are to be seen more as disease modifiers rather than primary etiologic agents. Next 
suspects are superantigens, which are toxins of microbial or viral origin that target the 
immune system. They are able to trigger massive polyclonal T-cell proliferation and 
activation, and cause exacerbation of the ongoing inflammation. It is known that 
enterotoxins from Staphylococcus aureus can act as superantigens.60 Recent insights have 
linked the inflammation in nasal polyposis to an increased prevalence of colonization with 
Staphylococcus aureus and the release of their cell products.61 Other research on 
superantigens and nasal polyps suggest that Staphylococcus aureus indeed secretes 
superantigen toxins that result in a generalized reaction recruiting eosinophils and causing 
histopathological changes in patients with nasal polyposis.62-64 The role of superantigens in 
CRS without nasal polyps is not clear. An alternative for the bacterial etiology is the fungal 
hypothesis, which proposes that patients with CRS mount an eosinophilic response to 
fungi.65-68 The clinical extrapolation of these findings suggests that intranasal fungi in 
patients with CRS would probably exacerbate the disease process. There were initial 
promising results, treating CRS with amphotericin an anti-fungal drug.69 A subsequent 
randomized, double-blind, placebo-controlled trial by Ebbens et al., using topical 
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amphotericin, failed to improve the clinical signs and symptoms in CRS patients.70 This is 
in agreement with other reports.71,72 Next one in line of possible underlying substrates 
could be the inflammation of bone. In patients with recalcitrant CRS, CT scans of the 
paranasal sinuses often demonstrate irregular thickening of the bony lining of the sinuses. 
Bacteria have not been demonstrated so far in animal or human bone samples. 
Histological changes identified include periosteal thickening, changes in 
osteoblast/osteoclast activity, fibrosis of haversian canals and the existence of cellular 
infiltrates.73-76 Biofilm is also a suspect under attention in the etiology of CRS in recent 
years. The biofilm hypothesis suggests that it continually presents antigen, resulting in 
chronic inflammation of the mucosa. It might act as an unsurpassable barrier for innate 
host defense mechanisms as well as preventing antibiotics from reaching the causative 
micro-organisms.77 These characteristics of biofilm could potentially explain important 
clinical features of recalcitrant CRS. Some studies have reported on the intracellular 
presence of bacteria in the epithelial cells of the middle meatus mucosa. These 
intracellular colonies may represent a reservoir for recurrent episodes of CRS that are 
protected from host defense mechanisms and antibiotic treatment.78, 79 The discovery of 
parts of the puzzle of recalcitrant CRS is ongoing. However, a clear overall pathological 
explanation, definition, or treatment solution is far from available.  
 
 
HOW CAN WE DIAGNOSE CHRONIC RHINOSINUSITIS? 
 
Symptoms and definition 
As mentioned earlier, the diagnosis of CRS is based on symptoms, duration of symptoms, 
clinical examination including nasal endoscopy, and CT scans of the paranasal sinuses. 
Because the pattern of symptoms and signs is overlapping in all patients with chronic sinus 
inflammation, differentiation between the subgroups is difficult. One of the problems in this 
classification process is the definition. As mentioned before, the most recent European 
definition of CRS is formulated in the latest version of EP3OS.34 Close inspection of 
another leading definition of the American RhinoSinusitis Task Force,80 brings minor 
differences to the light. In that definition symptoms are divided in major and minor criteria. 
Major criteria included facial pain/pressure, facial congestion/fullness, nasal 
obstruction/blockage, nasal discharge/purulence, altered sense of smell, purulence in the 
nasal cavity on examination and fever (acute rhinosinusitis only). Minor factors were 
headache, (nonacute) fever, halitosis, fatigue, dental pain, cough, and ear 
pain/pressure/fullness. The existence of at least 2 different definitions underscores the fact 
that CRS is a variety of disease entities, difficult to grab and comprehend.  
 
Nasal endoscopy 
Although anterior rhinoscopy is still the first step in the examination of the patient, it is not 
sufficient to evaluate CRS. Rigid nasal endoscopy is advised in every patient suspected to 
suffer from CRS for the identification of mucosal congestion, mucopurulent discharge, 
nasal crust, nasal polyps and scarring. Nasal endoscopy improves diagnostic accuracy 
and should be emphasized, as an early diagnostic tool.81 Main focus of the nasal 
endoscopy is the middle meatus. It may be performed without or with decongestion. For 
research purposes, semi-quantitative scores grading oedema, nasal discharge, nasal 
crusts and polyps have been developed.58 Recently, a significant association between 
symptom-based CRS with positive endoscopic findings has been demonstrated.82 
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Imaging 
Computed Tomography (CT) is the imaging modality of choice to evaluate the extent of 
pathology within the sinuses, and to study the complex and variable sinonasal bony 
anatomy pre-operatively. Of several developed CT-staging systems, the Lund-Mackay 
system is most widely used to assess the severity of mucosal disease. It is an easy to use 
and validated outcome measure, which relies on a numerical score of 0 to 2 dependent on 
the opacification of each sinus separately. The patency of the ostiomeatal complex is also 
taken in account. A maximum score of 12 per side can be derived (see Table 1).57, 83  CT 
and endoscopy scores have been shown to correlate well, which is not the case for the 
correlation between CT and symptoms.84, 85  
 
 
Table 1. CT scoring system according to Lund & Mackay.57, 58 
 

Sinus System Left Right 
Maxillary (0,1,2)   
Anterior Ethmoids (0,1,2)   
Posterior Ethmoids (0,1,2)   
Sphenoid (0,1,2)   
Frontal (0,1,2)   
Ostiomeatal complex (0 or 2 only)*   
Total points   

 
 
Figure 3. Coronal reconstructions of CT scan images of 3 patients with increasing involvement of the sinus 
mucosa. From nearly no abnormalities to nearly complete opacification of all the sinuses (clockwise). 
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WHAT ARE TREATMENT OPTIONS IN CHRONIC RHINOSINUSITIS?  
 
Corticosteroids 
The use of corticosteroids is an important cornerstone in the treatment of CRS. They are 
thought to reduce inflammation by decreasing the production of pro-inflammatory 
cytokines, diminishing the influx of inflammatory cells, and improving nasal blockage.86-89 
However the exact mode of action responsible for the anti-inflammatory effect of 
corticosteroids remains to be fully explained. 
 
Long-term administration of intranasal corticosteroids is safe, produces no mucosal 
atrophy or other alteration of histological appearance, and does not impair ciliary function 
or mucociliary clearance.90, 91 Although the efficacy of intranasal corticosteroids has been 
well established in patients with nasal polyps,92-97 there is insufficient evidence to 
demonstrate a clear overall benefit in CRS without nasal polyps to date.98 However, due to 
its proven efficacy in nasal polyposis, and efficacy has been demonstrated for short 
courses,99, 100 intranasal corticosteroids are widely used in the treatment of CRS overall.   
 
Several mostly uncontrolled studies have demonstrated the effects of oral corticosteroids 
on nasal polyps.99-103 A systemic course can be useful in stages of exacerbation of CRS 
preferably when nasal polyps are present. However it has been demonstrated recently that 
the effect lasts only shortly. Polyps and symptoms return to baseline within 3 months.104 
 
Antibiotics 
Short-term antibiotics (less than 2 weeks) are prescribed frequently in the treatment of 
patients with CRS. However, data supporting the use of short-course antibiotics are 
limited. Only one study included a placebo group.105 Prospective studies available show 
effects on symptoms in 56% to 95%. No significant difference was found between the 
different antibiotics compared.105-109 It has been demonstrated recently that some 
antibiotics (doxycycline) are able to reduce polyp size.104 
 
Because CRS is considered a mucosal disease, treatment may include long-term low-dose 
antibiotics to control pathology over a longer period of time. In research most attention, 
especially in vitro, was drawn to the antibiotics of the macrolide family. Besides their 
antimicrobial effects, macrolides are thought to have anti-inflammatory capacities based on 
the blockage of the production of cytokines, such as interleukin-8 (IL-8) and tumor necrosis 
factor-α (TNF-α), combined with effects on neutrophil migration and adhesion, and 
modulation of synthesis and secretion of mucus.110 Few studies have examined the 
efficacy of long-term low-dose antibiotics in CRS. The majority of these uncontrolled 
investigations report clinical benefit.111-115 In the first performed, double-blind, randomized, 
placebo-controlled trial on the efficacy of 3 months of macrolide treatment in 64 CRS-
patients, no significant differences were found. However, a significant benefit of macrolides 
over placebo was shown in a subpopulation of patients with low IgE.116 The effect of long-
term low-dose antibiotics is not known but seems to work in selected cases even when 
steroids fail. The mechanism behind this is not well understood, but probably involves 
down-regulation of the local host immune response as well as a downgrading of the 
virulence of the colonizing bacteria. However, there is lack of evidence in terms of placebo-
controlled, double-blind, randomized trials. 
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Alternatives in medical therapy 
The role of intranasal application of antibiotics is still under discussion. Few studies have 
explored their therapeutic role in patients with CRS. Several uncontrolled studies indicate 
that the topical application of antibiotics has a beneficial effect.117-121 Others have found 
that nasal irrigation is useful, but addition of antibiotics represents no supplementary 
advantage.122-124 The use of decongestants, antihistamines for adult CRS has not been 
evaluated in a randomized controlled trial or no beneficial effect has been found.125  
 
Sinus Surgery 
An estimated 50 per cent of patients with CRS will ultimately require Functional 
Endoscopic Sinus Surgery (FESS) in the treatment of their disease.126 In Messenklinger’s 
original teaching, the primary goal of FESS is reestablishing the ventilation and drainage 
through natural sinus ostia under direct vision, with the expectation that even extensive 
pathological mucosa change would reverse itself with the reestablishment of normal 
drainage.127 FESS is not one procedure, but it is tailored to disease extent concentrating 
on the ostiomeatal complex. In different studies evaluating FESS, favourable outcome has 
been demonstrated.55, 128-136 However a comparison of these studies is difficult due to the 
heterogeneity of the populations, the varying surgical techniques and differences in follow-
up. As in all evaluations of surgical procedures it is hard to fit in a placebo group.  
 
Most patients with CRS have great benefit of conventional medical treatment in 
combination with FESS. Although success rates of primary FESS are high (around 80-
90%),55, 128, 129, 132 some patients fail to respond. The majority of these first-time FESS-
failures, benefit from revision procedures with success percentages in order of 50%-
70%.56, 137 Nonetheless, the success rate of these revision procedures decreases with 
each following intervention. Radical surgery could serve as a last resort in this group of 
patients. Although we reside in the FESS era, some more radical forms of surgery should 
be kept in mind as useful tools in selected cases. 
 
 
AIM AND BRIEF OUTLINE OF THIS THESIS 
 
The main goal of this thesis is to investigate several different aspects of CRS. First we 
investigated the role of fever in CRS. It is a symptom part of the American CRS definition 
but not of the European one. Why CRS is recalcitrant in some patients is unclear. To 
assess one of the factors, suspected to play a role in recalcitrant disease, we put osteitis 
into the spotlight. We reviewed literature on the role of osteitis in CRS, and our group 
performed a case-control study to examine the patient and disease factors associated with 
the presence of osteitis in CRS with the newly developed Global Osteitis Scoring Scale. In 
chapter 3 we focus on medical treatment options in CRS. We retrospectively analysed a 
group of patients treated at the outpatient clinic with 2 different long-term low-dose courses 
of antibiotics. The second part of this chapter reports on the data of the MACS trial, a 
prospective, double-blind, randomized, placebo-controlled, international, multi-centre trial 
on the efficacy of azithromycin in patients with recalcitrant CRS. To date, this is only the 
second RCT on prolonged antibiotic treatment in patients with CRS. In the last part of this 
chapter we performed a placebo-controlled pilot study in order to determine whether 
nebulized topical antibiotic therapy improves sinusitis symptoms more than saline-based 
placebo in patients with recalcitrant CRS. In some unfortunate patients optimal medical 
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treatment and even repetitive endoscopic sinus surgery procedures fail. In chapter 4 we 
discuss the possible use of a more radical surgical procedure (Denker’s surgery) as a last 
resort for patients suffering from recalcitrant CRS. We evaluated symptom improvement, 
as well as quality of life and pain results. Finally, in chapter 5, we discuss the collected 
results and put them in perspective with literature. 
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ABSTRACT 
 
Introduction 
In the chronic rhinosinusitis (CRS) definition of the RhinoSinusitis Task Force (RSTF) of 
the American Academy of Otolaryngology-Head and Neck Surgery, fever is one of the 
minor symptoms. In the EP3OS definition, fever is not mentioned as a contributing factor. 
The main aim of this study was to evaluate the role of fever in CRS. 
 
Patients and methods 
Patients with CRS, scheduled for surgery were compared with a control group consisting of 
patients without CRS, suffering from esthetic complaints or obstruction of the nose. 
Temperature prior to surgery was measured and analysed. 
 
Results 
In both groups, hundred patients were included. In the CRS group the mean temperature 
was 36.94°C, with a maximum of 37.8°C. The control group revealed a mean temperature 
of 36.87°C. Analysis demonstrated no significant difference between the mean 
temperatures of the CRS patients and the controls (p=0.306). Additional analysis, 
correcting for possible confounders, did not reveal significant differences between both 
groups either. 
 
Discussion 
There have been several attempts to define CRS in the past, but an all including definition 
or classification system for this disorder does not currently exist. Fever is a factor under 
discussion. We found no significant difference between the preoperative body temperature 
in CRS patients and controls. These results suggest that fever is not a relevant symptom in 
CRS. 
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INTRODUCTION 
 
Chronic RhinoSinusitis (CRS) does not seem to be one single disease, but may cover a 
spectrum of conditions with widely varying severities. In addition to host characteristics, 
including anatomical variations, allergy, ciliary dysfunction, and IgG subclass deficiencies, 
external factors like pollution, fungi, viruses, and bacteria all seem to play a role in the 
pathogenesis of CRS. This diversity of factors, make CRS hard to define. The purpose of a 
definition is to provide a more uniform diagnosis of CRS. This could make communication 
between physicians easier, improve therapy, and standardize disease for further 
research.1,2 
 
To develop a working definition for CRS, the RhinoSinusitis Task Force (RSTF) of the 
American Academy of Otolaryngology-Head and Neck Surgery formulated a set of major 
and minor criteria in 1997.1 Major criteria included facial pain/pressure, facial 
congestion/fullness, nasal obstruction/blockage, nasal discharge/purulence, altered sense 
of smell, purulence in the nasal cavity on examination and fever (acute rhinosinusitis only). 
Minor factors were headache, (nonacute) fever, halitosis, fatigue, dental pain, cough, and 
ear pain/pressure/fullness. Minor criteria are not per se less troublesome to the patient 
than major criteria.1,3 
 
In Europe, the most recent definition of CRS in the latest version of EP3OS included: 
inflammation of the nose and paranasal sinuses for more than 12 weeks with either nasal 
blockage/obstruction/congestion or nasal discharge (anterior/posterior nasal drip) 
combined with facial pain/pressure and/or reduction of smell.4 In this definition fever is not 
mentioned as a contributing factor. 
 
In our clinical experience, fever is not observed frequently in patients with CRS. There are, 
however reports that CRS could be a cause of unexplained prolonged fever.5,6 Triggered 
by the difference in CRS-definitions, our clinical experience, and above all the lack of 
reports in literature on the role of fever in CRS, we started this evaluation. 
 
 
PATIENTS AND METHODS 
 
Patients 
At the department of Otorhinolaryngology of our tertiary care institution we prospectively 
collected temperature data in CRS patients and control subjects. Patients with CRS 
according to the EP3OS-criteria, scheduled for surgery (Endoscopic Sinus Surgery (ESS), 
Denker procedure, Draf III procedure), were identified. Surgery was indicated in these 
patients because CRS symptoms and nasal endoscopic findings did not improve despite of 
optimal medical treatment. On the day of hospital admission, complaints like feeling of 
fullness and headache, as well as purulent rhinorrhea and congestive mucosa were 
present in the majority of patients. Exclusion criteria for the CRS group were: inverted 
papilloma, mucocele, or osteoma, as primary reason for surgery in the CRS patients. The 
control group consisted of patients without CRS, suffering from esthetic complaints or 
obstruction of the nose. Control subjects were also planned for nasal surgery (rhinoplasty, 
septoplasty, turbinectomy). Additional exclusion criteria in both groups were: use of 
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analgetics (Paracetamol or NSAIDs) on the day of admission; use of systemic steroids or 
antibiotics within 1 month before surgery. 
 
Temperature measurement 
Temperature was measured routinely before administration of medication by a nurse at the 
start of the hospital admission. Nurses were not aware of this investigation and were 
consequently blinded for patient grouping. Temperature was measured in both groups with 
the same First Temp Genius® 3000A Infrared Ear Thermometer (Sherwood Medical 
Netherlands B.V.). Patient characteristics like sex and age, as well as comorbidity factors, 
including the occurrence of asthma and allergy were extracted from the patient’s file. In 
most cases, asthma was diagnosed and treated by a pulmonologist. In all patients a skin 
prick test was performed in the past to evaluate allergy. Concurrent medication use, for 
example nasal and pulmonal steroid use, was also assessed. 
 
Statistical analysis 
Data of both groups were recorded and calculated in SPSS, version 15.0.1, and GraphPad 
Prism, version 4. Statistical analysis included T-tests and multivariable analysis. 
 
 
RESULTS 
 
In both groups, hundred patients were included. Patient characteristics are shown in Table 
1. In the CRS group the mean temperature was 36.94°C (range, 36.0°C to 37.8°C; 
SD=0.46). The control group revealed a mean temperature of 36.87°C (range 35.9°C to 
38.4°C; SD=0.50). All measured temperatures are plotted in a scatterplot (see Figure 1). 
No CRS patient demonstrated a body temperature above 37.8°C. An independent samples 
T-test was performed and confirmed that there was no significant difference in body 
temperature between the CRS and the control group (p=0.306).  
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Table 1. Patient Characteristics. 
 
     CRS   Control    
 
Number     100   100 
Male-female ratio   59:41   51:49 
Age     47 years  37 years 

     (range, 15 to 73yr)      (range, 13 to 68yr) 
CRS     100   0 
Nasal polyposis   54   0 
Allergy     29   29  
Asthma      40   8 
Samter’s triad    5   0 
Smoking    22   32 
 
Concurrent medication: 

Nasal steroid    51   9   
Pulmonal steroid   33   5   

Frequent use (not on day of admission): 
Paracetamol   5   0   
NSAIDs    7   0   

Recent course (>1 month before):  
Systemic steroid    11   0  
Antibiotic    13   2  

 
 
 

             Figure 1. Temperatures of patients with CRS versus healthy controls. 
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Subgroup analysis on nasal polyps, asthma, allergy, and Samter’s triad, did not show any 
significant differences between the groups with or without the comorbidity compared to 
controls. Smoking did not have an impact on temperature outcome either. A factor more 
likely to influence body temperature was concurrent medication use. Six types of 
medication were evaluated: nasal and pulmonal steroid use, which was allowed during this 
study; Paracetamol and NSAID use (not allowed on the day of temperature measurement); 
regular systemic steroids and antibiotics (not allowed within 1 month before measurement). 
Multivariable analysis correcting for these possible confounders, did not reveal significant 
differences in body temperature between the CRS patients and the control group. Results 
are demonstrated in Table 2 showing the calculated p-values of concurrent medication 
use. 
 
 
Table 2. Influence of concurrent medication.  
 
Bivariable analysis 
variable   coefficient p-value  95% confidence    interval 
CRS or control  0.070  0.306  -0.064     0.204 
 
Multivariable analysis 
variable   coefficient p-value  95% confidence    interval 
CRS or control  0.033  0.686  -0.130     0.196 
Nasal steroids  -0.056  0.543  -0.235     0.124 
Pulmonal steroids 0.092  0.370  -0.109     0.292 
Paracetamol  0.105  0.645  -0.346     0.557 
NSAID   0.196  0.314  -0.187     0.580 
Systemic steroids  0.001  0.994  -0.317     0.319 
Antibiotics  0.114  0.416  -0.162     0.390 
 
 
 
DISCUSSION 
 
CRS is a prevalent disease with a great economic burden. There have been several 
attempts to define CRS in the past but an all including definition or classification system for 
this disorder does not currently exist. Fever as a symptom of CRS is a factors under 
discussion. The prevalence of fever in patients suffering from CRS has been studied very 
rarely. Orlandi et al. demonstrated in their investigated cohort of patients undergoing 
surgery for CRS, a prevalence of 8.8%.7 Ling et al. reported a fever-incidence of less than 
3.2% in patients scheduled for ESS.8 In this short evaluation we found no body 
temperature higher than 37.8 C in the patients requiring surgery for advanced CRS (see 
Figure 1). No significant difference was found between the preoperative temperature in 
patients with CRS and control patients. Additional analysis correcting for possible 
confounders (comorbidity, concurrent medication), did not reveal significant differences 
between both groups. Possible explanations for some of these expected findings can be 
given. Recorded analgetics have an estimated half time of 1-4 hours and were not 
administered on the day of hospital admission. This makes influence on the temperature 
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measurement unlikely. Systemic steroids and antibiotics were not used within 1 month 
before surgery, implying no substantial impact on body temperature. Considering the 
number of included patients and controls, this study has the ability to detect a mean 
temperature difference of at least 0.17°C with 80% power (and p=0.05) between the 
groups. The hypothesis that CRS and control patients have a similar temperature can be 
confirmed without making a type II error within 0.17°C at p=0.05. A suggestion for future 
research could be the collection of nasal cultures to objectively prove the existence of an 
active paranasal inflammation or exacerbation. This could reveal interesting results and 
can strengthen conclusions. At our centre nasal cultures were not performed routinely. 
 
Besides the demonstration that in the present population no difference in body temperature 
was found between CRS patients and controls, this article is intended to increase 
awareness under otorhinolaryngologists as well as primary care physicians that fever does 
not seem to be a relevant symptom in CRS. According to Chester et al,3 we suggest that 
the use of fever as a RSTF-criterion should perhaps be re-evaluated. 
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ABSTRACT  

Introduction 
There is increasing interest in the underlying bone of the paranasal sinuses as an 
important player in recalcitrant chronic rhinosinusitis. Close inspection of CT scans often 
reveals areas of increased bone density and irregular thickening of the sinus walls. This 
osteitic bone could at least partly explain, why inflammation of the mucosa persists.  
 
Methods 
We searched PubMed for all relevant studies, using the following text words: chronic 
rhinosinusitis, sinusitis, bone, osteitis, osteomyelitis, histology, and treatment. Cited 
references of retrieved articles were also examined.  
 
Results 
Background, available data, potential diagnostic options, treatment implications, and 
suggestions for future research are discussed.  
 
Conclusion 
Osteitis is associated with CRS, however its role in the pathogenic process is not well 
defined. More research is required. 
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INTRODUCTION 
 
Despite the evolution of Endoscopic Sinus Surgery (ESS), combined with optimal medical 
therapy, there is still a group of patients with recalcitrant Chronic RhinoSinusitis (CRS). 
The pathophysiology of this therapy-resistant form of CRS is poorly understood, but 
seems to be multi-factorial. Over the years, most CRS research has focused on the sinus 
mucosa. The immune response in this layer has been studied extensively, including the 
role of cellular infiltrates and local inflammatory markers. However, an overall 
understanding of the complex interplay of the diverse mucosal factors remains elusive. A 
new hypothesis reviewed by Harvey et al. focuses on biofilm.1 Biofilm continually presents 
antigen, resulting in chronic inflammation of the mucosa. It might also act as an 
unsurpassable barrier for innate host defence mechanisms as well as preventing 
antibiotics from reaching the causative micro-organisms.2 These characteristics of biofilm 
could potentially explain important clinical features of recalcitrant CRS. 
 
However, beyond mucosa and biofilm, there is increasing interest in the underlying bone 
of the paranasal sinuses as an important player in recalcitrant CRS. This concept is 
based not only on the close anatomical relation between the mucosa and the underlying 
sinus bone, but also on radiological changes seen in patients with CRS. Close inspection 
of preoperative CT scans often reveals areas of increased bone density and irregular 
thickening of the sinus walls (see Figure 1). This osteitic bone could at least partly 
explain, why removal of sinus mucosa alone is sometimes not sufficient in the treatment 
of CRS, and why inflammation frequently recurs locally over the thickened bony areas.3-5  
 
 

Figure 1. Osteitis of the left frontal sinus. 
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Interested in the role of osteitis in the pathogenesis of recalcitrant CRS, and surprised by 
the limited amount of data in literature, we conducted this review. The main aims were: to 
get a better insight in the available data, to identify potential diagnostic and therapeutic 
implications, and to put forward suggestions for future research. We searched PubMed 
for all relevant studies, using the following text words: chronic rhinosinusitis, sinusitis, 
bone, osteitis, osteomyelitis, histology, and treatment. Cited references of retrieved 
articles were also examined.  
 
 
WHAT IS THE STRUCTURE OF NORMAL BONE? 
 
Before we can address the potential contribution of osteitic bone in CRS, we first need to 
consider healthy bone. Although bone seems to be rigid in structure, it is in a state of 
constant change, as it reacts to a diversity of factors. This process known as bone 
remodeling is not specific for disease. It occurs continuously in healthy bone throughout 
life as well. Remodeling already starts during the embryonic development. A complex of 
invaginations of the nasal cavity into the surrounding bone creates the paranasal sinus 
system. Later in life remodeling plays an important role in response to various stimuli of 
which mechanical stress, fracture repair, and chronic inflammation are the most 
predominant.6 The remodeling process requires a dynamic interaction between all 
histological players. A wide range of factors like steroids, hormones, prostaglandins, 
leukotrienes, growth factors, and inflammatory cytokines are all known to influence bone 
activity.7 However, the exact mechanisms of bone remodeling are poorly understood.   
 
The principle components of bone are matrix and different cells. The matrix is composed 
of collagen, hydroxyapatite, a small amount of proteoglycans, and non-collagenous 
proteins. The matrix also serves as a reservoir for calcium and phosphorus with a 
constant flux in and out of it. There are 3 main cell types. Osteoblasts, of mesenchymal 
origin, synthesize organic matrix components called osteoid (mainly type I collagen). They 
play a role in the calcification process, and regulate osteoclast function. Osteoclasts, 
which are multinucleated giant cells derived from the hematopoietic system, are involved 
in the resorption of bone tissue. Osteocytes, which are found in lacunae within the matrix, 
are terminally differentiated osteoblasts. They become encased in the bone matrix during 
the process of bone formation. There is now an emerging consensus that osteocytes 
modulate signals arising from mechanical loading or inflammation, and by doing so, direct 
formation or resorption of bone tissue at a microscopic level. The molecular signaling 
pathways of osteocytes include nitric oxide, prostaglandins as well as cell-to-cell 
communication via gap junctions. Osteocytes also possess a diversity of receptors for 
various larger molecules like peptides, hormones and cytokines.8, 9  
 
Most flat bones of the skull have 2 layers of compact bone called plates, separated by a 
layer of spongy marrow. However, the flat bones lining the paranasal sinuses lack this 
marrow space.8, 10 Adult bone is characterized by the organization in osteons or haversian 
systems. These are complexes of concentric lamellae of bone surrounding a canal 
containing blood vessels, nerves, and loose connective tissue. The structure of bone is 
classified as either lamellar or woven. Woven bone is quickly formed, poorly organized 
tissue in which collagen fibers and mineral crystals are randomly arranged. Lamellar bone 
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is slowly formed, highly organized bone consisting of parallel lamellae, of mineral crystals 
and collagen fibers.6 
 
 
WHAT ARE IMPORTANT FEATURES OF OSTEITIS IN CRS? 
 
Terminology 
Different authors use different terms to discuss the same process of bone involvement in 
patients with recalcitrant CRS. Osteitis, osteomyelitis, hyperostosis, bone hyperplasia, 
bone remodeling, and neo-osteogenesis, all occur in literature. As there is no marrow 
space in the flat bones around the sinus, the term “osteitis” is recommended to describe 
the process of involvement of bone surrounding the paranasal sinus in patients with CRS.  
 
Radiological features 
Conventional CT scanning is the most useful way to examine the paranasal sinuses. 
Besides the demonstration of mucosal abnormalities, it is an accurate tool to evaluate 
bony structures of the paranasal system. On CT scan, osteitis appears as a thickened, 
irregular, heterogeneous lining of the sinus walls, which may be localized or affect all 
sinuses. The prevalence of the bony changes seen on CT scan varies from 2 to 64%.5, 11, 

12 Lee et al. localized osteitic CT scan findings in their studied population of 121 CRS 
patients undergoing ESS, and showed that the ethmoid sinus was affected in 82%, the 
sphenoid sinus in 64%, and the maxillary sinus in 45% of the patients. The frontal sinus 
was not evaluated.5 Traditional staging systems for CRS have focused on the degree of 
opacification of the sinuses and obstruction of the ostiomeatal complex, caused by 
mucosa or mucus. They do not evaluate changes of the bony surroundings of the 
sinuses.13, 14   
 
 

MCD-Videler_NEW_PROEF (all).ps Front - 21     T1 -    Black CyanMagentaYellow



CHAPTER 2.2 
 
 

 42

Figure 2. Osteitis of the frontal sinus, right maxillary sinus, sphenoid sinus, and lamina papyracea (clock-
wise). 

 

 
 

 
 
 
Besides the conventional CT scan, the use of other imaging modalities has been 
evaluated. MRI is more accurate than CT in assessing soft tissue, but lacks sufficient 
details for detecting bony changes. As such, it is not a modality likely to be useful for the 
assessment of osteitis.15 Bone 99-Technetium-MDP Single Photon Emission Computed 
Tomography (SPECT with 99mTc-MDP radiotracer) has been explored as an imaging 
modality in CRS.16-19 The radiotracer is thought to absorb onto the hydroxyapatite of bone. 
Increased uptake of 99mTc-MDP usually reflects increase in blood flow and bone tissue 
turnover.17-19 Javer et al. and Nishimura et al. found a positive correlation between clinical 
diagnosis of CRS and positive SPECT scan.16, 17 Jang et al. noted that greater 
radioisotope uptake in the ethmoid sinus portended a poorer postoperative outcome.18 
Catalano et al. were the first to show a correlation between SPECT and CT findings.19 
Despite these positive findings, SPECT is not used in routine clinical practice, because of 
the time consuming character of this investigation, exposure to radioactive material, costs 
and overall poor specificity.  
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Histological features: animal data 
Most animal data on the role of bone in CRS are based on rabbit studies, because of the 
ease to surgically access the maxillary sinuses, the ability to occlude the sinuses, and the 
reliability to induce infections.4, 20-24 Westrin et al. used this animal model to study 
anaerobic maxillary sinus mono-infections. They induced infection in the maxillary sinus 
with Bacteroides fragilis and demonstrated histological changes of the affected maxillary 
sinus bones.20 Other authors modified this rabbit model, inoculating different pathogens 
and evaluating histological features of both mucosa and bone tissue. Animal studies have 
revealed the following histological changes in bone tissue after experimentally induced 
sinusitis: 1) osteoclastic bone resorption4, 20-24; 2) osteoblastic bone deposition20-24; 3) 
widening of the haversian system4, 23; 4) involvement of the periosteum20, 24, 25; 5) fibrosis4, 

21-23; and 6) cellular infiltrates.4, 23, 24 Results are demonstrated in Table 1. 
 
Besides these osteitis features, animal models have contributed to other observations 
that showed involvement of bone tissue in sinusitis. Bolger et al. demonstrated bony 
changes as early as 4 days after infection with Pseudomonas aeruginosa.22 Perloff et al. 
were able to show that bone changes caused by Pseudomonas aeruginosa infection in 
the presence of surgical intervention, could spread not only to the adjacent bone, but also 
within the bone to the opposite sinonasal complex. They found that bone, harvested from 
the inoculated side and transplanted to the non-infected side, could induce mucosal 
infection. However, they discussed that the bone exposure with periosteal elevation was 
more extensive than would occur with conservative endoscopic procedures and would be 
more comparable to what may happen during an open surgical intervention for CRS.4 
Two studies observed widening of the spaces of the haversian system through 
osteoclastic resorption, followed by increased vascularization during the initial phase of 
disease. These changes were also discovered in the non-inoculated contralateral 
sinonasal complex, suggesting a potential route for spread of infection through the 
enlarged canals. In contrast to the osteoclastic reaction seen early in disease, late-stage 
disease is characterized by subsequent appositional and intra-membranous bone 
formation, as well as fibrosis of the haversian systems.4, 23 A possible scenario explaining 
the spread of inflammation from the primary infected site to distant locations is formulated 
by Khalid et al.: disease of the sinus mucosa; entrance of the inflammation and infectious 
agents into the underlying bone; activation of the remodeling process; access to the 
vascular network; spread through the bone to the contralateral side, possibly via vascular 
network or haversian canals.23  
 
A limitation of all the animal studies is the short follow-up period. In most studies, animals 
were sacrificed 2-4 weeks after inoculation.20-22, 24 Khalid’s study has a follow-up of 7-9 
weeks.23 Perloff et al. transplanted a bone fragment in all the animals 6 weeks after 
inoculation from the infected side to a submucosal pocket on the control side; after 13 
weeks the animals were sacrificed and samples investigated.4  
 
Histological features: human data 
Similar histological findings have been reported in bony specimens obtained from human 
patients with CRS. Early reports on human nasal turbinates showed histological changes 
of both mucosa and bone. The inflammatory changes of the turbinate bone have been 
associated with a possible role in recalcitrant CRS.26, 27 Tovi et al. presented 4 cases of 
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patients with symptoms of CRS with suppuration and thickening of the bony walls of the 
sinus. Histological evaluation showed periosteal reaction along with osteoblast 
proliferation, new bone formation and fibrosis.28  
 
There are 4 studies reporting on prospective data of histological changes of sinus bone in 
humans with CRS. The first investigation was performed by Kennedy et al., using 
tetracycline labeling to evaluate remodeling of ethmoid bone. Tetracycline labeling 
demonstrated higher bone activity with increased bone resorption and marked neo-
osteogenesis in sinusitis patients that was not seen in the controls. Histological findings 
including new bone formation, fibrosis, and the presence of inflammatory cells, suggested 
that this increased bone activity could be associated with CRS.3 
 
Giacchi et al. found periosteal thickening in all specimens of ethmoid bone of CRS 
patients compared with samples of patients undergoing a cerebrospinal leak repair. They 
demonstrated a varying degree of increased osteoblastic-osteoclastic activity, as shown 
by the disruption of organized lamellar bone and formation of immature woven bone. In 
addition, the extent of bony remodeling was found to correlate with the severity of 
disease, with more advanced bony changes associated with higher Lund-Mackay scores 
on CT. More advanced pathological changes included intralacunar fibrosis.29  
 
Lee et al. found osteitis in 53% in their histology samples. Interestingly, the incidence of 
pathologically proven osteitis was 6.7% in those undergoing primary surgery, but 
increased to 58% in patients having revision ESS. They also demonstrated reactive bone 
by using light microscopy demonstrating new bone formation in the form of increased 
uncalcified matrix (osteoid) secreted by osteoblasts and woven bone formation.5  
 
Cho et al. demonstrated periosteal thickening, osteoblastic-osteoclastic activity, and 
woven bone formation in CRS patients and compared these results with CT scan 
findings.30  
 
To summarise, the most important features found in human samples of osteitic bone in 
chronic rhinosinusitis patients are:  1) periosteal changes5, 27-30; 2) osteoclast proliferation 
and bone resorption3, 27, 29, 30; 3) new bone formation3, 5, 27-30; 4) fibrosis3, 5, 28-30; 5) cellular 
infiltrates 3, 27-30; see Table 1.  
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POSSIBLE MECHANISMS: INFECTION VERSUS INFLAMMATION 
 
Infection: role of bacteria 
Some authors discuss that the rigid, three-dimensional structure of bone that exists even 
in the absence of cellular components, could become a honeycomb where bacteria may 
reside for extended periods of time, out of reach of immunological cells and antibiotics.3 
On first hand this direct bacterial invasion of bone appears a logic model. It could help to 
explain the clinical observation that removal of only the overlying diseased mucosa 
frequently results in recurrence and persistence of CRS, whereas debridement of the 
underlying bone often resolves disease.3, 4, 31 Nair et al. suggested 3 possibilities on the 
role of bacteria: 1) bacteria directly destroy the non-cellular components of bone by 
liberating acid and proteases, 2) bacteria promote cellular processes that stimulate the 
degradation of bone, or 3) bacteria inhibit the synthesis of bone matrix.7 However, to date 
no group was able to demonstrate bacteria in bone of the paranasal sinuses, and whether 
bacteria induce bony remodeling because of associated inflammation or whether they 
truly infect bone is unknown.22, 23, 32 
 
Inflammation: role of virulence factors 
Some studies have reported on the intracellular presence of bacteria in the epithelial cells 
of the middle meatus mucosa.33, 34 These intracellular colonies may represent a reservoir 
for recurrent episodes of CRS that are protected from host defense mechanisms and 
antibiotic treatment. In literature on osteomyelitis of the long bones, evidence is emerging 
that staphylococci are facultative intracellular pathogens. They have been demonstrated 
in the host osteoblasts in chronic osteomyelitis cases. It is suggested that they also 
produce exopolysaccharide networks for protection, which may also explain 
inaccessibility to antibiotic treatment.35-37 To date these findings could not be confirmed in 
inflamed bone of the paranasal sinuses. 
 
Biofilms can also serve as a reservoir for bacteria. Secretion of various soluble 
inflammatory factors from these reservoirs could feed the osteitic reaction in the 
underlying bone. The release of mediators, particularly those of the arachidonic acid 
pathway, has been postulated by Bolger et al. and Caye-Thomasen et al. to be the 
stimulus for bone remodeling in sinusitis animal models by modulating osteoclastic and 
osteoblastic activity.22, 38   
 
There is an increasing number of inflammatory factors known to play a role in normal 
bone remodeling and osteitis. These factors can be divided into circulating or local 
factors. Examples of circulating factors are: parathyroid hormone (PTH), 1,25-dihydroxy 
vitamin D, calcitonin, estradiol, and other hormones. Local factors are prostaglandins, 
leukotrienes, pro-inflammatory cytokines like IL-1, IL-6, TNF, and growth factors. Another 
division can be made between host and bacterial factors. Bacterial factors are diverse 
and include LPS, teichoic acids, and other cell wall components.7 A third attempt to make 
a division is based on the effect of the factors on bone. Bone resorption is known to be 
stimulated by cytokines like IL-1, IL-6, IL-11, TNF, and PTH, 1,25-dihydroxy vitamin D, 
and Prostaglandin-E (PGE). Bone apposition is triggered by calicitonin, IL-4, IL-13, IL-18, 
INF-γ, and Osteoprotegerin (OPG).39, 40 A problem with this last classification is that a 
number of molecules have both capacities. Ishino et al. performed studies in ethmoid 
bone of patients with CRS. They found that osteoclast differentiation and activity was 
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controlled by a wide range of molecules (IL-1β, IL-6, IL-8, Tumor necrosis factor (TNF-α), 
Macrophage Colony-Stimulating Factor (M-CSF) and specific proteins like Receptor 
Activator of Nuclear Factor (NF)-κB Ligand (RANKL), and OPG).41, 42 Bone Morphogenetic 
Protein (BMP) also seems to play an important role.43 The BMP family has originally been 
described, as the name suggests, in relationship to bone morphogenesis and again this 
could well be related to the sinonasal changes in bone formation seen in CRS and nasal 
polyposis. This paragraph is not intended to be complete. Much remains to be learned 
about the role of the diverse factors in bone, particularly in humans.   
 
 
WHAT TO DO IN PATIENTS WITH CRS AND OSTEITIC BONE? 
 
Imaging 
The CT scan is the modality of choice to evaluate sinusitis and osteitis features in patients 
with CRS. Osteitis is in most cases a radiological diagnosis. However, both 
otorhinolaryngologists and radiologists tend to overlook CT scan evidence of bony 
changes in chronic osteitic sinusitis. Differentiating these changes from other bone 
diseases such as Paget’s disease or metabolic bone disease may not be possible in the 
absence of relevant clinical data. Comparable abnormalities of bone can also be 
observed after sinus surgery or radiation therapy.44 Although correlations between 
sinonasal complaints of patients and mucosal abnormalities seen on CT are weak or have 
failed,45-47 there are reports showing that patients with bony changes on CT scan may 
have a poorer surgical outcome than those without these bony changes.12  
 
 

Figure 3. Osteitis in the frontal sinus and along the skull base. 
 

 
 
 
Medical therapy 
Evidence of concurrent osteitis in CRS patients has led to the introduction of new 
therapeutic approaches. Some authors have advocated the use of long-term intravenous 
antibiotics in an attempt to eradicate bone involvement, analogous to the treatment for 
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osteomyelitis. Tovi et al. treated the osteitis of their CRS patients with surgical 
debridement followed by 3-8 weeks of culture directed intravenous antibiotics. They 
reported favourable outcomes.28 A problem of systemic, medical treatment could be the 
relatively avascular and ischemic conditions of the infected region, which makes antibiotic 
penetration into the osteitic bone difficult. In addition, fibrosis of the haversian canals can 
obstruct distribution of medication in the later phase of disease. While nearly all antibiotics 
penetrate bone, actual bone levels are usually low, approximately 10-30% of the serum 
level. Serum bactericidal titers need to be several times higher than minimal bactericidal 
concentration for susceptibility in the bone infection. This has resulted in an axiom in the 
management of osteomyelitis of the long bones that a serum bactericidal titer of 1:8 
constitutes effective antimicrobial therapy.48 It is assumed that a similar increase in 
dosage is needed to effectively treat osteitis in recalcitrant CRS, but there are no 
sufficient data in literature to support this.  
 
Without evidence of an active bacterial infection in the sinus bone, the use of prolonged 
antibiotics is difficult to justify. Assuming that the inflammatory pathway and not the 
infectious one, is more important in the bone involvement in CRS, other medical regimes 
like long-term systemic steroids or macrolide treatment could be considered. Macrolides 
are antibiotics known to have anti-inflammatory properties, besides their bacteriostatic 
effects. Several studies have shown macrolides to inhibit interleukin gene expression for 
IL-6 and IL-8, and to inhibit the expression of intercellular adhesion molecule, essential for 
the recruitment of inflammatory cells.49-53 Placebo-controlled studies should be performed 
to further establish the efficacy of macrolides in CRS and the effects on osteitis. Studying 
long-term administration of antibiotics, the possibility of pathogen resistance should 
always be kept in mind.   
 
The role of topical application of antibiotics is still under discussion. Few studies have 
explored the therapeutic role of topical nasal antimicrobials in patients with CRS. Several 
uncontrolled studies indicate that the topical application of antibiotics has a beneficial 
effect.24, 54-57 Others have found that nasal irrigation is useful, but addition of antibiotics 
represents no supplementary advantage.58-61 Goh and Goode and Elliott et al. reviewed 
the limited data. Their overall conclusion was that the role of nasal antimicrobial therapy, 
although promising, was not established.62, 63  
 
Surgery 
In Messenklinger’s original teaching, the primary goal of reestablishing ventilation and 
drainage through natural sinus ostia was based on the expectation that even extensive 
pathological mucosa change would reverse itself with the reestablishment of normal 
drainage. This seems insufficient in resolving the problem of recalcitrant CRS with 
osteitis. Remnants of diseased bone may serve as a constant nidus for inflammation, 
inducing recurrent oedema and hypertrophy of the overlying mucosa. The aim of surgery 
in these recalcitrant cases should be the removal of all the diseased bone and granulation 
tissue, and the facilitation of adequate perfusion of the sinuses with systemically 
administered antibiotics.64 Our group reported symptom reduction of a group of therapy 
resistant patients after Denker’s procedure (see chapter 4).65, 66 Rhinorrhea, nasal 
obstruction, as well as facial pain and quality of life improved. Radical surgery does not 
seem to be of great benefit when the main complaints are reduced olfactory perception or 
asthma. Discussion about the removal of landmarks like the middle turbinate is ongoing. 
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But at the end what is the need of an inflamed landmark being a nidus for disease? When 
studying radical surgery in recalcitrant CRS, we should always be aware of the fact that 
radical surgery itself can also be a trigger for osteitic bone reaction.44 
 
 
SUGGESTIONS FOR FUTURE RESEARCH 
 
Pitfalls 
There is an increasing pressure on medical practitioners to use evidence-based 
measures. Concerning the role of osteitis in recalcitrant CRS there is a lot of research still 
to be done. Although it is tempting to extrapolate scientific results from limited studies to 
the patient, this would be premature at present. All investigations represent an 
oversimplification of reality. Only a very limited group of pathogens has been studied in 
rabbit models. Bone was exposed to bacteria during sinus occlusion and harvesting, 
which means substantial manipulation. We only found 7 reports on human bone material. 
Only 3 were placebo controlled. When designing studies we always should choose the 
most optimal control tissue. Rinia et al. discuss the importance of useful control tissue in 
their review on nasal polyps, and put a question mark to the use of inferior and middle 
turbinate mucosa as a control for nasal polyps.67 This is also an important reminder in the 
choice of useful control tissue in osteitic bone research. Is a middle or inferior turbinate an 
useful control, or is the bone structure and histological reaction significantly different from 
the sinus wall? Ideal control tissue would be bone tissue of the same paranasal area from 
patients undergoing surgery for non-inflammatory disease like adenoma of the pituitary 
gland or repair of a cerebrospinal leak. Further experimental studies should be designed 
to identify the best control tissue.  
 
Definition 
To date no uniform osteitis definition is available. It is not part of the CRS definition of the 
American Academy of Otolaryngology and Head & Neck Surgery, nor is it part of the 
latest version of the EPOS3 document.68, 69 Without a definition, including both radiological 
and histological features, results are hard to compare, and scientific conclusions are hard 
to draw.  
 
Radiological staging 
As mentioned before, radiologic staging systems tend to focus on mucosal changes and 
do not incorporate changes seen in the surrounding bone.10, 13, 14 Biedlingmaier et al. and 
Lee et al. were the first to define radiologic osteitis as mentioned before (see Table 2).5, 27 
Cho et al. developed a method to determine bone density on CT in patients with CRS, 
using a line profile through the ethmoid bulla and quantifying bone density using the 
Hounsfield scale.30, 70 Air is assigned a value of -1000, water a value of 0 (zero) and bone 
of +1000. They found a correlation between bone changes and the Lund-MacKay score 
and they concluded that CT densities could be used as an objective parameter of bone 
remodeling in patients suffering from CRS. More research needs to be done to evaluate if 
the Hounsfield unit is of value in staging osteitis in recalcitrant CRS. Another attempt to 
objectify osteitic changes on CT was performed by Kim et al.12 They measured 3 
standardized reference points on CT (see Table 3) and the radiologist registered 
hyperostosis when he measured values > 3 standard deviations beyond the range of 
normal, self-obtained reference data. A possible combination of osteitic characteristics 
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with the use of millimeter measurements or Hounsfield-Units, could make an osteitis 
grading system more objective. When developing a grading scale, more questions 
remain. For example do we evaluate every sinus separately, like Lund-Mackay, and 
which locations of the sinus bone do we measure?  
 
 
Table 2. Examples of CT grading systems for severity of osteitis. 
 
 
Biedlingmaier et al. 
 
Osteitis is defined as rarefaction and/or demineralization; loss of trabeculae; cortical 
destruction; focal sclerosis; loss of expected structures or landmarks 
 
1= normal 
2= findings suggestive of osteitis, but polyps make osteitis indeterminate 
3= interpretation limited due to dental artifact 
4= osteitis 
 
 
 
Lee et al. 
 
Osteitis thickness measurement 
 
Mild:   3  mm 
Moderate: 4-5  mm 
Severe:   >5  mm 
 
 
 
Table 3. Three-point radiology scale.  
 
Kim et al. 
 
1  Maxillary sinus: posterolateral bony wall in the axial setting with the greatest 

dimension of maxillary sinus.  
2  Mean bony thickness of 3 randomly selected ethmoid septa. 
3  Mid-point of middle turbinate in the axial section showing the largest middle 

turbinate. 
 
The radiologist registered hyperostosis when he measured values > 3 standard 
deviations, beyond the range of normal reference data.  
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Histological exploration 
In favour of histological research, microscopic findings should also be more defined. The 
investigating groups use different ways to fixate samples, diverse methods of 
decalcification and varying protocols for tissue embedding. Most groups used H&E 
staining to identify inflammation, bone cells, while differentiation between woven and non-
woven bone is possible by means of polarization microscopy. In our opinion, the most 
useful histological grading system used so far is that described by Biedlingmaier et al. 
(see Table 4).27 

 
 
Table 4. Examples of histological grading systems. 
 
Biedlingmaier et al. 
 
0 normal 
1 periosteal thickening 
2 periosteal thickening, osteoblastic-osteoclastic activity, bone resorption and/or 

remodeling 
3  periosteal thickening, osteoblastic-osteoclastic activity, bone resorption and/or 

remodeling and wide osteoid seams 
4  frank osteomyelitis, leukocytes and bone destruction  
 
 
 
Cho et al. 
 
0 normal 
1 minimal periosteal thickening 
2 mild periosteal thickening with osteoblastic-osteoclastic activity 
3 moderate periosteal thickening with wide osteoid seam and osteoblastic-

osteoclastic activity 
4 severe periosteal thickening and marrow formation 
 
 
 
Antunes et al. 
 
0 no inflammation 
1 mild periosteal thickening 
2 moderate periosteal thickening and osteoblastic rimming 
3 periosteal thickening, osteoid seams, osteoblastic rimming 
 
 
 
The following aspects in histological research on osteitic bone in CRS should incorporate 
at least the following items: changes of the periosteum, number of osteoblasts, number of 
osteoclasts, changes seen in the haversian system, and fibrosis. Furthermore 
determination of cell types in the leukocytic infiltrates appears to be useful, but has not 
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been attempted so far. These microscopic findings could be combined with investigations 
on inflammatory markers like TGF-β which is one of the important growth regulatory 
factors in bone matrix. A long list of other factors worthwhile to investigate could be: IL-1, 
IL-4, IL-6, IL-8, TNF-α, M-CSF, RANKL, alkaline phosphatase (ALP), OPG, FGF 
(fibroblast growth factor), MCP-1, parathyroid hormone, 1,25(OH)2 vitamin D, calcitonin, 
glucocorticoids, cortisol, estrogenes, PGE-2, IFN-γ, insulin like growth factor-1, LPS, 
teichoic acids, lipid A associated proteins, cell wall components, nitric oxide, TGF-α, TGF-
β, platelet-derived growth factor, collagen type I and osteocalcin.41.39-42, 71  
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ABSTRACT 
 
Objectives 
Determine the incidence and severity of osteitis in patients with chronic rhinosinusitis using 
a new Global Osteitis Scoring Scale.  
 
Design 
Validation and prospective case–control study.  
 
Setting 
Academic Tertiary Otolaryngology Department (Academic Medical Centre, Amsterdam). 
 
Participants 
A prospective series of 102 patients undergoing a computed tomography (CT) sinuses as 
part of their evaluation for chronic rhinosinusitis between January and May 2008 (study 
group) and an age- and gendermatched control group of 68 non-rhinosinusitis patients. 
Seventy-eight of the chronic rhinosinusitis patients completed the nasal subset of the 
RhinoSinusitis Outcome Measure (RSOM-31) and visual analogue scales. Their CT scans 
were assessed for osteitis using a newly developed Global Osteitis Scoring Scale. A 
subsample of 35 scans was additionally scored by a second otorhinolaryngologist and a 
radiologist. 
 
Main outcome measures 
Global Osteitis Scoring Scale.  
 
Results 
The interrater variability of Global Osteitis Scoring Scale was low (average intraclass 
correlation coefficient: 0.94). Forty per cent of the chronic rhinosinusitis group and none of 
the control group had evidence of clinically significant osteitis. In the chronic rhinosinusitis 
group (102 patients), the severity of osteitis was correlated with Lund–Mackay score 
(P<0.001), duration of symptoms (P<0.01) and previous surgery (P<0.001), rising in 
incidence with increasing number of previous operations. There was no association 
between osteitis and age, gender, smoking, co-existing asthma, allergy or Samter’s triad. 
Additionally, there was no correlation between osteitis and symptom burden including 
headache, facial pain and nasal subset score of the RhinoSinusitis Outcome Measure. 
 
Conclusion 
In patients with recalcitrant chronic rhinosinusitis who have undergone multiple surgeries in 
the past, the incidence of osteitis can be as high as 64%. It does not seem to be 
associated with more troublesome symptoms; however, it is strongly associated with 
previous sinus surgery, which may be a manifestation of a shared endpoint (underlying 
recalcitrant disease). 
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INTRODUCTION 
 
Although the pathophysiology of chronic rhinosinusitis remains unclear, a number of 
factors have been implicated including, but not limited to, chronic inflammation of the bony 
framework of the paranasal sinuses. A number of animal studies1-4 have demonstrated a 
link between experimentally induced rhinosinusitis and chronic inflammation of the bony 
middle turbinate as well as the ethmoid and maxillary sinus bony walls. Similarly, 
radiological studies performed in humans using different criteria to define osteitis showed 
that the incidence of radiological changes associated with bony inflammation ranged 
between 4%,5 36%,6 and 60%.7 However, although these studies paved the way for 
subsequent research and provided valuable data, they were based on localised 
measurements and not on a global grading system, concurrently assessing the severity 
and the extent of bony involvement over the paranasal sinuses. More importantly, although 
there have been studies correlating the bony changes seen on the computed tomography 
(CT) scan with a poorer surgical outcome7 and with recurrent disease,6 none of these 
studies used a validated questionnaire to assess the relationship between symptom 
burden, patient characteristics and osteitis. We performed this prospective case–control 
study to examine the patient and disease factors associated with the presence and 
severity of bony involvement in chronic rhinosinusitis using a newly developed composite 
global scoring system (Global Osteitis Scoring Scale). 
 
 
PATIENTS AND METHODS 
 
Patients 
All 102 patients undergoing thin slice CT scanning (axial 1.3-mm slices, coronal and 
sagittal multiplanar reconstructions, using a Brilliance 64 CT or Mx8000 QUAD; Philips 
Medical Systems, Best, the Netherlands) as part of their evaluation for chronic 
rhinosinusitis between January and May 2008 were included in this study. A subgroup (n = 
78) of these patients completed on the day of scanning, the nasal subset of the 
Rhinosinusitis Outcome Measure 31 (RSOM 31) and a visual analogue scale (VAS), 
grading their overall sense of well-being, sinus complaints, headache, facial pain, nasal 
obstruction, sense of smell, rhinorrhea, post-nasal drip and thick nasal discharge. 
 
Controls 
A group of 68 non-chronic rhinosinusitis patients undergoing CT of their sinuses during the 
same period was included as a control group. The age, gender, smoking habits, duration of 
symptoms, presence of asthma, Aminosalicylic Acid (ASA) triad, previous date, number 
and type of sinus operations were recorded. 
 
Outcomes – Global Osteitis Scoring Scale 
The scans were reviewed by a radiologist and an otorhinolaryngologist, and each sinus 
individually assessed for presence, severity and extent of osteitis. A global composite 
grading system for osteitis (Global Osteitis Score) was developed in collaboration with the 
radiology department as follows: Osteitis was defined as loss of bone definition⁄ 
hyperostosis ⁄ new bone formation or signal heterogeneity overlying each sinus wall. The 
area of maximal thickness of each osteitic focus was measured (Figure 1). The grading per 
sinus was as follows:  
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Global Osteitis Scoring Scale 
 
Grade 1:  Less than 50% of the sinus walls involved and osteitis <3 mm wide.  
Grade 2:  Less than 50% of the sinus was involved and 3–5 mm width.  
Grade 3:  Less than 50% of the sinus involved and wider than 5 mm or greater than 

50% of the sinus wall involved and <3 mm wide osteitic changes.  
Grade 4:  Greater than 50% of the sinus wall involved and 3–5 mm.  
Grade 5:  Greater than 50% of the sinus wall and thicker than 5 mm. 
 
 
 
In this way, each sinus was given a grading ranging from 0 to 5. The scores of all 10 
sinuses (Right and left frontal, anterior ethmoid, posterior ethmoid, maxillary and 
sphenoid) were added, producing a global osteitis score (range: 0–50). Osteitis was 
thus classified as not significant (<5), mild (5–20), moderate (20–35) and severe 
(higher than 35). 
 
 

Figure 1. Coronal computed tomography slice of a patient having 
undergone 3 previous endoscopic ethmoidectomies showing 
evidence of extensive osteitis. 

 

 
 
 
Outcomes – Lund–Mackay Grading Scale 
The presence and extent of mucosal disease in the paranasal sinuses was evaluated with 
the Lund–Mackay radiological grading system. Chi-square and Fisher’s exact test were 
used for comparing categorical variables, while comparisons between groups were 
performed using unpaired t-test for normally distributed variables and Wilcoxon rank test 
for non-parametric variables, as required. The level of significance was set at 0.05 for 
double-sided comparisons, and Bonferroni correction was used for all multiple 
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comparisons. Linear stepwise regression (0.10 entering, 0.05 removing variable threshold) 
was performed for assessing the predictor variables of the main outcome (Global Osteitis 
Score). For the sample of 35 CT scans scored additionally by an independent radiologist 
and otorhinolaryngologist, average intraclass correlation coefficients were calculated for 
each sinus assessed and for the total Global Osteitis Score. 
 
 
RESULTS 
 
Characteristics of the two groups 
The characteristics of our patients and of the control group are shown in Table 1. There 
were no differences in the age and sex distribution between the two groups but, as 
expected, chronic rhinosinusitis patients had significantly higher Lund–Mackay scores. The 
indications for the CT in the control group included anosmia, maxillofacial trauma, 
hypophyseal tumours and idiopathic facial pain (exclusion CT). Thirty-seven (45%) patients 
in the chronic rhinosinusitis group suffered from asthma, 39 (51%) had skin prick test 
proven allergies and 9 (12%) were diagnosed with ASA triad, while 49 (48%) had nasal 
polyps and 9 (8.8%) had a mucocele. Their median duration of symptoms was 93 months 
(range 2 to 576), and 75 (73.5%) of the chronic rhinosinusitis patients had undergone sinus 
surgery in the past (median number of surgeries 2, range 0 to 7). Fourteen (13.7%) of 
these surgeries were performed in our department. Their symptom burden, as assessed by 
RSOM and VAS scales, is displayed in Table 2. 
 
 
Table 1. Characteristics of the two groups. 
 

Chronic

rhinosinusitis

group (n = 102)

Control

group

(n = 68) P value

Age (median, range) 44 (8–82) 43 (12–83) 0.771 – Wilcoxon

L–M score (median,

range)

10 (3–24) 2 (0–14) <0.001 – Wilcoxon

Gender (n, %) 55 (54%) Male 31 (46%) Male 0.287 – Chi-square

Smokers (n, %) 10 (12.5%) 8 (17%) 0.481 – Chi-square

Asthma (n, %) 37 (45%) 5 (9%) <0.001 – Chi-square
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Osteitis by group 
Radiological evidence of sinus wall hyperostosis and heterogeneity was present in 65 
(63.7%) of the chronic rhinosinusitis patients and 10 (14%) of the controls (P<0.001), while 
clinically significant osteitis (arbitrary defined by Global Osteitis Score > 5) was present in 
41 (40%) of the chronic rhinosinusitis patients and none of the controls (P<0.001). Mean 
Global Osteitis Score was 9.2 (sd 14.2, range 0–50) in chronic rhinosinusitis patients and 
0.2 (sd 0.7, range 0–3.5) in the controls (P<0.001). 
 
Osteitis and chronic rhinosinusitis: patient characteristics, symptoms and co-
morbidity 
In the subgroup of patients (n=78) who completed the nasal subset of the RSOM-31 
questionnaire, there was no correlation between any of the VAS or the RSOM scales and 
osteitis, and, conversely in anova, VAS and RSOM scores did not differ between patients 
with no, mild, moderate or severe osteitis (Table 2). In chronic rhinosinusitis patients, 
gender, asthma, ASA triad, smoking or allergy was not correlated with the presence or 
extent of osteitis. However, the presence of nasal polyps was associated with a higher 
incidence of osteitis (73 versus 55%, p=0.04), while osteitis had a small but significant 
correlation with age and symptom duration, increasing with rising age (r=0.368, p=0.02) 
and longer duration of symptoms (r=0.358, p=0.01). 
 
Osteitis and chronic rhinosinusitis: LM score 
Lund–Mackay scoring of mucosal disease correlated with Global Osteitis Scoring 
Scale(r=0.349, p<0.001) (Figure 2). The majority of patients with osteitis had evidence of 
concurrent mucosal disease on the CT scan, and conversely, most patients with low LM 
scores were free of significant osteitis. 
 
 

Figure 2. Correlation between Lund-Mackay scores and Global Osteitis Scoring Scale. 
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Osteitis and chronic rhinosinusitis: surgery 
There was a strong correlation between previous surgery and osteitis. The incidence of 
osteitis was 33% (9 ⁄ 27) in the non-operated group rising to 75% (56 ⁄ 75) in the operated 
group (p<0.001). Interestingly, there was an almost linear relation between the mean 
Global Osteitis Score and the number of previous surgeries, rising from 1.6 in patients with 
no previous surgeries to 3.6 to those who had undergone one sinus procedure to 15.5 to 
those with two previous operations to 31.5 in patients with more than six previous sinus 
surgeries (p<0.001) (Figure 3). 
 
 

Figure 3. Correlation between Global Osteitis Scoring Scale and previous surgeries. 
 

 

 
In patients with chronic rhinosinusitis, osteitic changes were most commonly observed in 
the maxillary sinuses, followed by the anterior ethmoids, posterior ethmoids, sphenoids 
and finally the frontal sinuses (Table 3). This distribution mirrored the locations where 
surgery has previously been performed (data not shown) (Figure 4). 
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Figure 4. Coronal computed tomography slice of a patient with 
a 30-year history of frontal chronic rhinosinusitis who has 
undergone two external frontal drainage procedures (right), two 
endoscopic frontal sinusotomies and an endoscopic Lothrop.  

 

 
Osteitis and chronic rhinosinusitis: linear regression 
On linear stepwise regression, a model was build predicting Global Osteitis Score 
(adjusted R-Square 0.507, p<0.001). This model included the number of previous 
surgeries (p<0.001), the presence of nasal polyps (p=0.02) and age (p=0.04). 
 
Characteristics of Global Osteitis Scale 
The assessments between the independent radiologist and otorhinolaryngologist and the 
original grading were very close. The average intraclass correlation coefficient between all 
three assessors was 0.94 (95% confidence interval: 0.91– 0.97). In terms of individual 
sinuses, the closest interrater agreement was found for maxillary sinuses (0.91, 0.93), 
followed by the sphenoids (0.89, 0.79) and the frontal sinuses (0.89, 0.77) with the lowest 
agreement found in the assessment of the ethmoids (posterior: 0.78, 0.54 and anterior 
0.59, 0.49). 
 
 
DISCUSSION 
 
Histological correlates of osteitis in chronic rhinosinusitis 
Although a variety of endogenous and exogenous factors have been implicated in 
recalcitrant chronic rhinosinusitis, the importance of chronic low-grade inflammation of the 
underlying bone has been recognised relatively recently. Different groups use various 
terms to describe the same process of bone involvement in patients with recalcitrant 
chronic rhinosinusitis such as osteitis, osteomyelitis, hyperostosis, bone hyperplasia, bone 
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remodeling and neo-osteogenesis. As there is no marrow space in the flat bones around 
the sinus, the term ‘osteitis’ is recommended to describe the process of involvement of 
bone surrounding the paranasal sinus in patients with chronic rhinosinusitis. The 
histological definition of osteitis in chronic rhinosinusitis as developed in four human 
histological studies includes the presence of new bone formation, fibrosis, inflammatory 
cells,8 periosteal thickening and a varying degree of increased osteoblastic–osteoclastic 
activity, as shown by the disruption of organised lamellar bone and formation of immature 
woven bone.6,9,10 This chronic low grade inflammation does not seem to be associated with 
direct bacterial invasion, as no group until now has been able to demonstrate bacteria in 
the bone. Rather, it seems to be stimulated by and act as a ‘depot’ of inflammatory 
cytokines, which ensure the persistence of disease, even when the mucosa is either 
treated medically or removed.3 These histological changes correspond to a specific 
radiological appearance on CT, namely, thickened, irregular, heterogeneous lining of the 
sinus walls, which may be localised or global.6,7 
 
Radiological assessment of osteitis: introducing a new grading system 
The incidence of radiologically shown osteitis has been examined in three previous 
studies: Lee et al.6 using a criterion of >3 mm thickness of the ethmoid partitions and 
maxillary and sphenoid sinus borders in 121 chronic rhinosinusitis patients undergoing 
ESS found radiological evidence of osteitis in 82% of the ethmoid, 64% of the sphenoid 
and 45% of the maxillary sinuses, while the frontal sinus was not evaluated. Kim et al.7 
evaluated the bony thickness of the maxillary, ethmoid and middle turbinate of 81 patients 
with chronic rhinosinusitis, at specified reference points defining osteitis as bony thickness 
>3 standard deviations beyond the range of normal reference values. He did not assess 
the frontal or the sphenoid sinuses, and he found evidence of hyperostosis in 60% of 
patients. Finally, Biedlingmaier11 studied the CT appearance of middle turbinate in patients 
undergoing FESS with resection of the middle turbinate, and using a grading of no⁄ 
indeterminate ⁄ certain osteitis found radiological evidence of osteitis in 14 of 110 middle 
turbinates. However, none of these studies attempted to produce a comprehensive global 
osteitis grading, incorporating quantitative measures of the severity as well the extent of 
osteitis. We propose, in analogy to the Lund–Mackay score, a Global Osteitis Scoring 
Scale, ranging from 0 to 50, that incorporates both the severity of osteitis in each sinus as 
well as the number of sinuses involved. We have shown that the grading using this scale is 
easy to perform (usually 2–3 min per patient) and gives reproducible results. We found that 
interrater variability was low, and the agreement between different assessors, using 
intraclass correlation coefficient, was excellent (0.947). The best agreement was found for 
the maxillary sinuses and the lowest for the ethmoids. 
 
Symptom burden and osteitis 
Although it has been implicitly assumed that paranasal sinus osteitis would be associated 
with increased disease severity and more pronounced symptoms including facial pain, this 
has never before been rigorously assessed. In our study, we did not find evidence of an 
association between facial pain and osteitis. We found that patients with osteitis tend to 
have higher Lund–Mackay scores, longer standing disease and to have undergone more 
surgeries but not more severe symptoms than patients without osteitis. In contrast with 
acute osteomyelitis of long bones, typically associated with excruciating acute pain, the 
osteitis of chronic rhinosinusitis seems to have a more indolent course. The search for a 
global scale of osteitis may lead us to a better understanding of disease pathophysiology 
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and progress, but, not unlike Lund–Mackay grading of chronic rhinosinusitis, a direct link 
between objective radiological measurements of severity and symptom burden remains 
elusive. However, although this study does not support the blanket association between 
osteitis and facial pain, it does not rule out its role in occasional patients, with nerve 
entrapment and localised neuropathic (rather than inflammatory) pain – and indeed, we 
have (occasionally) seen such patients. 
 
Revision surgery and osteitis 
Our study showed also that revision surgery is strongly associated with the extent of 
osteitis: This association remains strong, even after adjusting for disease duration. 
However, it is not clear from this study whether this is a cause and effect relationship. 
Animal experiments have suggested that bone reaction may occur as a response to 
mucosal trauma, and indeed, it seems intuitive to try and preserve mucosa in any sinus 
procedure; however, the long-term significance of these experiments remains unknown, as 
their follow-up period was <3 months, while in our patients, the time since the last surgery 
did not seem to reduce its effect of surgery. However, other characteristics of chronic 
rhinosinusitis, including its resistance to surgical treatment, may be associated with osteitis 
– not dissimilar to biofilms, chronic inflammation can persist underneath the surface, 
explaining the persistence of symptoms and the failure of surgery. 
 
 
CONCLUSION 
 
In patients with recalcitrant chronic rhinosinusitis who have undergone multiple surgeries in 
the past, the incidence of osteitis can be as high as 64%. Using a novel Global Osteitis 
Grading 0–50 scale, we found the average osteitis grade in chronic rhinosinusitis patients 
to be 9.2. Despite anecdotal evidence to the contrary, it does not seem to be associated, in 
most cases, with more troublesome symptoms, such as headache and facial pain. It is, 
however, strongly associated with previous sinus surgery, which may be a manifestation of 
a shared endpoint (underlying recalcitrant disease) rather than a cause and effect 
relationship. At present, there are more questions than answers regarding the role of 
osteitis in recalcitrant chronic rhinosinusitis. Further studies are planned in our department, 
including histopathological and immunochemistry investigations, at the interface of clinical 
and basic science, with the aim of understanding further this complex relationship. 
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ABSTRACT 
 
Introduction 
In recalcitrant Chronic RhinoSinusitis (CRS) treatment with intranasal corticosteroids, 
short-term antibiotics and even sinus surgery is frequently insufficient. Long-term low-dose 
administration of antibiotics has been suggested as a treatment option in these patients. 
We analysed the outpatient clinic population treated with different long-term low-dose 
antibiotics at the tertiary referral centre AMC Amsterdam. 
 
Patients and methods 
Eligible patients, who were treated with trimethoprim-sulfamethoxazole or macrolides, were 
retrospectively identified from the outpatient clinic of the department of otorhinolaryngology 
in 2009. The 2 main outcome measures were: sinonasal complaints and nasal endoscopic 
findings. A 5-point grading scale was used to score the results compared with the pre-
treatment situation: worse (-1); no change (0); moderate improvement (1); good 
improvement (2); cured (3). This was measured at several time-points during, and after the 
antibiotic course, and at the end of the follow-up term.  
 
Results 
Seventy-six patients with a median age of 49 years were included, 53 per cent had asthma 
and all of them had undergone sinus surgery. Seventy-eight per cent showed improvement 
of the symptoms, and 84 per cent demonstrated improvement of the sinonasal mucosa at 
the end of the course. No significant difference was found between the trimethoprim-
sulfamethoxazole and macrolide group.  
 
Discussion  
In this investigation long-term low-dose treatment with antibiotics seems to improve CRS 
symptoms and the appearance of the sinonasal mucosa on nasal endoscopy. However, at 
this stage, strong conclusions are immature because no placebo-group has been included. 
Despite increasing use of long-term low-dose treatment of recalcitrant CRS in referral 
centres, hard clinical evidence is lacking. More research is urgently required.   
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INTRODUCTION  
 
In the last decades, the management of Chronic RhinoSinusitis (CRS) has improved 
substantially. According to the EP3OS-management-schemes, patients with CRS are 
primarily treated with nasal saline irrigation, intranasal corticosteroids, and in more severe 
cases with antibiotics and/or systemic steroids. In patients who do not optimally respond to 
this strategy, Endoscopic Sinus Surgery (ESS) is performed.1-6 Because CRS could be 
considered as a chronic mucosal disease, in some cases with participation of the 
underlying bone or biofilm, long-term low-dose antibiotics are administered more frequently 
in tertiary referral centres. However, evidence for this treatment regime in literature is 
limited and weak.  
 
The department of Otorhinolaryngology at the Academic Medical Centre AMC Amsterdam 
is a tertiary care centre for patients with CRS. All the patients referred have already been 
treated with medical therapy, and a vast majority of them already have undergone ESS. 
After careful evaluation with rigid nasal endoscopy, CT scan of the paranasal sinuses, 
laboratory investigation, allergy testing, smell testing and culturing, an optimal 
management regime is started including intensive nasal saline irrigation (with or without 
baby shampoo),7 intranasal corticosteroids, antibiotics, systemic corticosteroids and if 
needed a number of more tailored medical treatments with less scientific proof like local 
antibiotics, leucotrienes antagonists, anti-IgE, and trial drugs. If this treatment is 
insufficient, patients with recalcitrant CRS are given the choice to either have long-term 
low-dose antibiotic treatment or revision surgery. This revision sinus surgery again is 
embedded in maximal medical therapy. When patients choose to start with long-term 
antibiotic treatment, in most of the cases we start with an arbitrarily chosen 3 months 
treatment period, which is prolonged when proven effective. A substantial group appears to 
respond to this regime in both symptom reduction and improvement of the sinus mucosa 
evaluated with rigid nasal endoscopy. The long-term low-dose treatment is ended when 
patients are in a stable situation for some time, this can be after many months of treatment. 
Liver and renal functions are monitored every 6 weeks. If this regime still is insufficient, as 
a final resort medial maxillectomy ((endonasal) Denker’s procedure)8-10 and/or extensive 
frontal surgery (Draf III) is performed.11-13 A life-long nasal rinsing regime is an inevitable 
consequence of this type of radical surgery. 
 
Although the pathophysiology of CRS is poorly understood, it is considered a mucosal 
disease with many different phenotypes. External factors like bacteria, fungi and viruses 
can initiate the chronic infection. However, the host response can vary, and the same 
stimuli can give different results in different patients. This reaction in severe cases 
eventually leads to mucosal swelling, increased number of seromucous glands, remodeling 
of the ciliated epithelium, combined with an infiltration with inflammatory cells, possibly 
leading to a vicious cycle. The infectious etiology in combination with the constant 
inflammation could justify the use of long-term low-dose antibiotics with antimicrobial as 
well as immunomodulatory properties.  
 
At our centre, most prescribed antibiotics for this purpose are trimethoprim-
sulfamethoxazole and macrolide antibiotics, mostly azithromycin and clarithromycin. We 
found no literature on the prolonged treatment with trimethoprim-sulfamethoxazole in CRS. 
In research most attention, especially in vitro, was put to the antibiotics of the macrolide 
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family. Besides their antimicrobial effects, the mechanism of macrolides is thought to be 
anti-inflammatory, based on the blockage of the production of pro-inflammatory cytokines, 
such as interleukin-8 (IL-8) and tumor necrosis factor- α (TNF-α), combined with effects on 
neutrophil migration and adhesion, and modulation of synthesis and secretions of 
mucus.14-15 Both trimethoprim-sulfametoxazole and macrolides have proven to be 
prescribed safely for a prolonged time. Trimethoprim-sulfamethoxazole is widely used for 
long-term prophylaxis and treatment of infections of the urinary and respiratory tracts.16-18 
Low-dose long-term macrolides also proved to be safe and have been investigated in a 
small number of studies. The majority of the uncontrolled investigations evaluated 
macrolides using varying outcome measures, and have suggested clinical benefit.19-22 In a 
prospective, randomized controlled trial comparing medical and surgical therapy for 
patients with CRS, the authors have demonstrated that prolonged treatment with 
antibiotics and FESS were equally effective up to one year.23 In the first performed, double-
blind, randomized, placebo-controlled trial on the efficacy of 3 months macrolide treatment 
in 64 CRS-patients, no significant differences were found. However, a significant benefit of 
macrolides over placebo was shown in a subpopulation of patients with low IgE. In this 
group, Sino-Nasal Outcome Test-20 (SNOT-20), nasal endoscopy, saccharine transit time, 
and IL-8 levels in nasal lavage fluid improved in the antibiotic arm compared with 
placebo.24  
 
In an attempt to further evaluate the efficacy of long-term low-dose antibiotics as an 
alternative treatment option for recalcitrant CRS, we retrospectively analysed the 
outpatient clinic population treated with prolonged antibiotics at our tertiary care centre.  
 
 
PATIENTS AND METHODS 
 
Patients 
All patients met the EP3OS criteria for CRS,25 and all had a history of extensive medical 
treatment and sinus surgery. Patients did not use an antibiotic course within 1 month, nor 
did they undergo sinus surgery within 3 months before start of the evaluated long-term low-
dose antibiotic course. Exclusion criteria for this retrospective evaluation were: massive 
nasal polyposis (grade 2 and 3), impairment of liver or renal function, cystic fibrosis, 
immune deficiency needing intravenous immunoglobulins, and systemic diseases affecting 
the nose and paranasal sinuses (e.g., Wegener’s granulomatosis or sarcoidosis). Most 
patients used nasal saline irrigation daily. Intranasal or pulmonary steroids were allowed, 
under the restriction that the dosage did not increase twice or more, during the evaluated 
antibiotic course.  
 
Long-term low-dose antibiotic therapy 
Two different families of orally administered long-term low-dose antibiotics were evaluated 
in this study. Trimethoprim-sulfamethoxazole was prescribed in a dosage of 960 mg twice 
daily during 2 weeks, followed by 960 mg/day in the next weeks of treatment. A second 
cohort of patients was treated with macrolides of which azithromycin was administered in 
most cases, in a dosage of 500 mg daily which was in some cases reduced to every other 
day, twice a week or even once a week depending on the clinical picture. Azithromycin has 
pharmacokinetic properties, which allow, even after a single dose once weekly, persistently 
elevated concentrations in tissue.26-29 In 5 cases, clarithromycin, another member of the 
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macrolide family, was prescribed in a dosage of 250 mg twice daily in the first 2 weeks, 
prolonged with 250 mg/day.  
 
Study design 
Eligible patients were retrospectively identified from the outpatient clinic of the department 
of otorhinolaryngology in 2009. Corresponding records were collected and studied by at 
least 2 of the authors independently. Collaborating members of a team of rhinologists 
performed all recorded examinations during outpatient visits. The 2 main outcome 
measures were: sinonasal complaints and nasal endoscopic findings. A 5-point grading 
scale was used to score the results compared to the pre-treatment situation: worse (-1); no 
change (0); moderate improvement (1); good improvement (2); cured (3). The main time-
points assessed were: after 6 and 12 weeks and after 6, 12, and 24 months. Extra time 
points included: at the end of the course, and at the end of the follow-up term. We also 
have divided the group in responders and non-responders. Responders were the patients 
who showed moderate to good improvement, or reported they were cured (score 1 to 3). 
Non-responders showed no improvement or got worse (score -1 and 0). Evaluation was 
terminated in most cases when no more data were available, mainly because of lost to 
follow-up, while patients with satisfying results were sent back to their referral doctors. 
Other end-points were: substantial medical intervention, or new sinus surgical procedure.  
 
Statistical analysis 
All data were entered into a computerized database and analysis was conducted using 
statistical software package SPSS version 16.0 statistical software, after consulting a 
medical statistician. Wilcoxon singed ranks tests were performed to evaluate the effect of 
antibiotic treatment on different time-points. Mann Whitney U tests, Kaplan Meier curves 
and Log Rank tests were used to assess statistical differences between the 2 different 
antibiotic groups. The Fischer exact test was used to compare patient characteristics 
between responders (moderate improvement, good improvement or cured) and non-
responders (worse or no change). 
 
 
RESULTS 
 
Patient characteristics 
Of the 104 patients identified at the outpatient clinic, 28 patients met one of the exclusion 
criteria or documentation was insufficient. Seventy-six patients were included and 
evaluated. In all patients conventional medical treatment as described above did not 
substantially relief symptoms. All of them underwent sinus surgery, with a median of 
almost 3 procedures. As a result of the retrospective set up of this analysis the length of 
the course of antibiotics was variable, with a minimum of 79 days. The mean follow-up time 
after stop of the antibiotic administration for the total group was 4.7 months (trimethoprim-
sulfamethoxazole: 4.9 months, macrolides: 4.4 months). Complete patient characteristics 
are displayed in Table 1.  
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Duration of course 
The mean length of the trimethoprim-sulfamethoxazole course was 232 days (range, 81-
802). For the macrolides this was 189 days  (range, 79-601). Responders who’s sinonasal 
symptoms improved did have a mean antibiotic course of 232 days. In the group of non-
responders, the mean length of the course was 150 days. Patients whose endoscopic 
findings responded well used a long-term low-dose course of 223 days. In the non-
responding group this was 166 days.   
 
Efficacy of long-term low-dose antibiotics 
Symptoms and nasal endoscopic findings were scored after 6 and 12 weeks and after 6, 
12, and 24 months. Because there were too many missing data on 6 weeks, and 12 and 
24 months, results could not be reported. We decided to focus on 2 other main time-points: 
the cessation of the antibiotic course and the end of follow-up.  
 
In the total group, sinonasal symptoms responded well (moderate improvement to cure, 
score 1 to 3) in 59 patients (78%). After a mean follow-up of 4.7 months after cessation of 
the antibiotic course, still 52 patients (68%) were present in this well-responding group. 
The nasal endoscopic findings showed similar results. During the antibiotic course, nasal 
endoscopy in the total group showed response (moderate improvement to cure) in 64 
patients (84%). After cessation of the antibiotic course and the mean follow-up of 4.7 
months, 58 (76%) patients were recorded to have an improvement of the nasal mucosa on 
endoscopy. Although the results at the end of follow-up for both symptoms and endoscopy 
were still satisfactory, the decrease in score over time was statistically significant 
(symptoms p=0.003, endoscopy p=0.001). All the percentages and results are shown in 
Table 2.  
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Table 2. Results during the use of antibiotics versus results at the end of follow-up.  
 

symptoms  during 
antibiotics  

n=76 

end of follow-
up 

n=76 

test for change in 

time* 

-1 worse 1.3% 1.3%  

 

 

 

p= 0.003 

 0  no change 21.1% 30.3% 

 1  moderate improvement 36.8% 39.5% 

 2  good improvement 31.6% 22.4% 

 3  cured 9.2% 6.6% 

     mean score 1.3 1.0 

 median score (IQR) 1 (1-2) 1 (0-2) 

endoscopic findings during 
antibiotics  

n=76 

end of follow-
up 

n=76 

test for change in 

time* 

-1 worse 1.3% 1.3%  

 

 

 

p= 0.001  

 0 no change 14.5% 22.4% 

 1 moderate improvement 38.2% 43.4% 

 2 good improvement 31.6% 22.4% 

 3 cured 14.5% 10.5% 

     mean score 1.5 1.2 

     median score (IQR) 1 (1-2) 1 (1-2) 

*Wilcoxon signed ranks test 
 
 
At the end of the antibiotic course 5 patients responded well on endoscopy, but were 
scored as non-responder at the symptom score. At the end of follow-up 6 patients were 
responder on endoscopy but were non-responders on the symptom score. No patients 
scored better on the symptom score than on nasal endoscopy. 
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Trimethoprim-sulfametoxazole versus macrolides 
Sinonasal symptoms responded well (moderate improvement to cure) in 34 patients (79%) 
treated with long-term low-dose trimethoprim-sulfamethoxazole. At the end of a follow-up 
of 4.9 months this was decreased to 70% of the patients. Five patients (12%) were 
symptom free at the end of the course and 4 (9%) at the end of follow-up. Sinonasal 
symptoms of patients treated with macrolides responded well in 25 patients (76%) at the 
end of treatment. At the end of a mean follow-up of 4.4 months, this was decreased to 
67%. During the course 2 patients (6%) reported they were symptom-free. After the stop of 
the course, mild symptoms recurred in one of them. 
 
The nasal endoscopic findings improved (moderate improvement to cure) in 36 patients 
(84%) at the end of the trimethoprim-sulfamethoxazole treatment period, which decreased 
to 72% at the end of follow-up. Nasal endoscopic findings were graded as cured in 6 
patients (14%) during the course, which decreased to 5 (12%) after stop of the treatment. 
In the macrolide cohort, nasal endoscopic findings responded well in 28 patients (85%). At 
the end of follow-up a limited back-fall was found to 82%. Nasal endoscopic findings were 
graded as cured in 5 patients (15%) during the course, which decreased to 3 patients (9%) 
at the end of follow-up.  
 
We compared the scores of trimethoprim-sulfamethoxazole with the macrolides results. In 
this studied population, no significant differences were found between trimethoprim-
sulfamethoxazole and macrolides neither in de symptoms, nor in nasal endoscopic findings 
(Table 3). We reassessed the data comparing the trimethoprim-sulfamethoxazole patients 
to the azithromycin group by leaving the clarithromycin patients out. No substantial 
differences were found in the datasets with or without clarithromycin. An additional analysis 
was performed with Kaplan Meier curves. The total percentage of responders in time for 
both trimethoprim-sulfamethoxazole and macrolides were displayed and analysed with a 
Log Rank test. Again no significant difference was found between the 2 antibiotic groups 
(see the symptom and endoscopy Kaplan Meier curve, in Figure 1 and 2 respectively).   
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Table 3. Trimethoprim-sulfamethoxazole versus macrolides. 
 

symptoms during 
antibiotics 

trimethoprim-
sulfamethoxazole 

n=43 

macrolides 
n=33 

test for difference 
between antibiotics* 

-1 worse 0% 3%  
 
 
 

p=0.609 
 0 no change 20.9% 21.2% 

 1 moderate 
improvement 

37.2% 36.4% 

 2 good improvement 30.2% 33.3% 

 3 cured 11.6% 6.1% 

mean score 1.3 1.2 

median score (IQR) 1 (1-2) 1 (0.5-2) 

symptoms at end of 
follow-up 

trimethoprim-
sulfamethoxazole 

n=43 

macrolides 
n=33 

test for difference 
between antibiotics* 

-1 worse 0% 3%  
 
 

p=0.804  0 no change 30.2% 30.3% 

 1 moderate 
improvement 

46.5% 30.3% 

 2 good improvement 14% 33.3% 

 3 cured 9.3% 3% 

mean score 1 1 

median score (IQR) 1 (0-1) 1 (0-2) 

endoscopy during 
antibiotics 

trimethoprim-
sulfamethoxazole 

n=43 

macrolides 
n=33 

test for difference 
between antibiotics* 

-1 worse 0% 3%  
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 0 no change 16.3% 12.1%  
 

p=0.996 
 1 moderate 
improvement 

37.2% 39.4% 

 2 good improvement 32.6% 30.3% 

 3 cured 14% 15.2% 

mean score 1.4 1.4 

median score (IQR) 1 (1-2) 1 (1-2) 

endoscopy at the end 
of follow-up 

trimethoprim-
sulfamethoxazole 

n=43 

macrolides 
n=33 

test for difference 
between antibiotics* 

-1 worse 0% 3%  
 
 
 

p=0.330 
 0 no change 27.9% 15.2% 

 1 moderate 
improvement 

44.2% 42.4% 

 2 good improvement 16.3% 30.3% 

 3 cured 11.6% 9.1% 

mean score 1.1 1.3 

median score (IQR) 1 (0-2) 1 (1-2) 

*Mann Whitney U test 
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Figure 1. Total responders in time for symptoms. 
 

 
 
 
 
Figure 2. Total responders in time for endoscopic findings. 
 

 
 
 

Grey line: TSM
Dotted line: MAC 
 
P=0.399 

Grey line: TSM 
Dotted line: MAC 

P=0.867 
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Five patients in the macrolide group and 7 patients in the trimethoprim-sulfamethoxazole 
group used a short course of systemic corticosteroids at the start of the antibiotics. Closer 
inspection did not reveal a substantial better score than patients without an additional 
corticosteroid course at the start, although numbers are too small to draw definite 
conclusions. In a small group of patients, 3 in both groups, there was lack of signs of 
improvement. Therefore they were scheduled for sinus surgery and follow-up was 
terminated.   
 
Subgroup analysis 
In an attempt to find patient characteristics with prognostic value, we evaluated the 
occurance of mild nasal polyps, allergy, asthma, ASA-triad, and smoking. In the symptom, 
as well as the nasal endoscopy data, none of the patient characteristics were significantly 
different when comparing the responding and non-responding group, but the numbers 
were small. Percentages and results of the Fischer exact test are shown in Table 4. 
 
 
Table 4. Responders versus non-responders. 
 
symptoms responders n=59 non-responders n=17 p-value Fischer exact test  

allergy 25 (42%) 5 (29%) 0.41 

asthma 32 (54%) 8 (47%) 0.78 

mild polyposis 37 (63%) 12 (71%) 0.77 

ASA triad 5 (9%) 3 (18%) 0.37 

smoking 4 (7%) 3 (18%) 0.18 

endoscopy responders n=64 non-responders n=12 p-value Fischer exact test  

allergy 28 (44%) 2 (17%) 0.11 

asthma  34 (53%) 6 (50%) 1.00 

mild polyposis 39 (61%) 10 (83%) 0.19 

ASA triad 5 (8%) 3 (25%) 0.11 

smoking 4 (6%) 3 (25%) 0.07 

 
 
Side effects 
No serious adverse events were observed. Three complaints possibly related to long-term 
low-dose antibiotics were reported. One patient treated with the macrolide azithromycin 
mentioned mild muscle-aches during the prolonged course, without a reason to end the 

MCD-Videler_NEW_PROEF (all).ps Front - 43     T1 -    Black CyanMagentaYellow



CHAPTER 3.1 
 
 

 86

administration. In the 5 patients with long-term low-dose clarithromycin of the macrolide 
group, there were 2 patients complaining of mild, reversible skin rash. In all 3 events there 
was no reason to end the course. No adverse events were reported in the trimethoprim-
sulfamethoxazole group. 
 
 
DISCUSSION 
 
In the majority of patients suffering from recalcitrant CRS, no underlying etiology is found. 
Suspects under attention are: superantigens,30-34 fungal infections,35-39 inflammation of the 
underlying bone,40-43 biofilm,44 and intracellular presence of bacteria in the epithelial cells of 
the middle meatus mucosa.45-46 Long-term low-dose antibiotics are believed to be useful in 
the treatment of recalcitrant CRS, not only in the battle against microorganisms, but also 
because of the pretended immunomodulatory qualities. The mechanism behind this is not 
well understood, but probably involves down-regulation of the local host immune response 
as well as a downgrading of the virulence of the colonizing bacteria. However, there is lack 
of evidence in terms of placebo-controlled, double-blind, randomized trials.  

The antibiotics evaluated in this present study, trimethoprim-sulfamethoxazole and 
macrolides, have more or less the same antibiotic spectrum. This includes the coverage of 
the sinonasal colonizer Staphylococcus aureus, but Pseudomonas aeruginosa for example 
is not covered. Although trimethoprim-sulfamethoxazole is prescribed long-term low-dose 
in diseases such as Wegener’s disease or granulomatous disease,47-48 urinary and 
respiratory tract infections and for prophylaxis and treatment of Pneumocystis carinii 
infection,17,49 and it is known to be used in the treatment of CRS in short courses,50,51 we 
did not find any data in literature on the prolonged usage in patients with recalcitrant CRS.  

In the scarce amount of literature on long-term low-dose antibiotic treatment in patients 
with recalcitrant CRS, most data report on macrolides. Clinical studies support the view 
that macrolides are likely to be beneficial in most patients who have CRS. Besides their 
ability to accumulate in inflammatory cells at concentrations up to several 100-folds higher 
than concentrations in extracellular fluids, macrolides are known to increase mucociliary 
transport, reduce goblet cell secretion, accelerate apoptosis of neutrophils, reduce 
expression of cell surface adhesion molecules, alter structure and function of biofilm, and 
macrolides have shown to decrease levels of IL-5, IL-6, IL-8, GM-CSF, TGF-β, and TNF-
α.19, 20, 51-55 There is also evidence in vitro showing that macrolides reduce the virulence 
and tissue damage caused by chronic bacterial colonization without necessarily 
eradicating the bacteria.56  

In this presented group of patients, we found that 1) patients responded well to the long-
term low-dose antibiotic treatment; 2) response decreased slightly over time after 
cessation of the antibiotic treatment, but results were still satisfactory at the end of the 5 
months follow-up; 3) there was no difference between the two evaluated antibiotic families. 
A substantial reduction in sinonasal symptoms of 78%, and an improvement of mucosal 
conditions of 84% was found. More detailed statistical analysis comparing both antibiotics 
families, demonstrated no significant differences between them. It is therefore not possible, 
based on these data, to elect one antibiotic over the other. In the performed subgroup 
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analysis we evaluated allergy, asthma, mild nasal polyposis, ASA triad and smoking. 
Although no statistical significant differences were found, it is remarkable to find a higher 
percentage of allergies in the responding group. Perhaps this could be a pointer to the 
immunomodulatory effects of the antibiotics. Another observation was the higher incidence 
of smoking in de non-responders group. This puts the importance of encouragement of 
smoking again into the spotlight.57  
 
Multiple comments can be made on this study. We performed a retrospective evaluation 
with many shortcomings and pitfalls coming along with it. Before we discuss some of them, 
we stress the recalcitrant nature of CRS in this studied population, for which all 
conventional treatment options have proven to be insufficient. Patients suffering from this 
recalcitrant disease are hard to motivate to participate in a placebo-controlled trial, 
because they do not want to risk the chance on placebo. For that reason we felt it was 
useful to do this retrospective analyses were all patients that received antibiotics could be 
evaluated. However, the absence of a control-group in this evaluation inhibits the 
development of strong conclusions. What would be the result of placebo compared with 
trimethoprim-sulfamethoxazole and macrolides? In the first performed, double-blind, 
randomized, placebo-controlled trial on the efficacy of 3 months of macrolide treatment in 
64 CRS-patients, no significant differences were found. However, a significant benefit of 
macrolides over placebo was shown in a subpopulation of patients with low IgE.24 In the 
second performed RCT on the efficacy of an equal dose azithromycin in patients with 
recalcitrant CRS, no significant difference between azithromycin and placebo was found 
either (see chapter 3, part 2). However, contrary to both placebo-controlled studies, the 
present study and the non-placebo-controlled study from Ragab,23  demonstrate a 
significant positive effect on some patients. In the placebo-controlled studies both the 
treatment and the placebo did not have a significant effect on the symptomatology nor the 
endoscopic results. Especially in our own study, that we know was performed in a group of 
patients partly overlapping with the presented population of this study, this difference was 
very clear: very little effect of macrolide in the placebo-controlled study and a significant 
effect of the macrolide in the non-placebo controlled trial. We hypothesize that the 
selection of patients that are willing to participate in a randomized placebo controlled trial 
differs substantially from the population we treat in daily clinical practice. This is a 
phenomenon that has been discussed in recent years especially in trials dealing with 
serious chronic disease.58-60 In an attempt to create a homogeneous population, 
researchers tend to use strict inclusion criteria. This may lead to a selection bias of the 
enrolled patients, who may substantially differ from the population encountered in clinical 
practice.  
 
Another comment on this study could be the appropriate dosage of the antibiotics. Some 
clinicians start a prolonged treatment with the standard dose for treating acute infections 
and after 2 weeks lower the dose to half. This was done for trimethoprim-sufamethoxazole 
and clarithromycin. Azithromycin has a longer half-life time, which justifies a dosage once 
weekly. Before starting a long-term low-dose antibiotic treatment, the patient has to be 
informed that it takes 4 to 8 weeks for the treatment to have an effect, and that a proper 
evaluation cannot be performed until the treatment period has covered 10 to 12 weeks. It is 
suggested that if the treatment is successful it should be prolonged for several months. We 
normally start with an arbitrary period of at least 3 months.  
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The follow-up of around 5 months could be another point of criticism. The reader should 
keep in mind that recalcitrant CRS in this group of patients is hard to combat and most 
patients continuously demand new steps in treatment process. On the other hand, patients 
who did well on the prolonged medical therapy were sent back to their secondary care 
centres.  
 
Patients were seen by a team of rhinologists at the outpatient clinic. Although they work 
closely together, follow protocols and frequently discuss individual patients, there is always 
the risk of inter-observer bias. While collecting the data for this retrospective evaluation, 
patient records were studied at least by two of the authors. Different opinions were 
thoroughly discussed and in doubt the most negative opinion (e.g. between moderate and 
good response) prevailed.  
 
In the debate on prolonged administration of antibiotics, the development of resistant 
bacteria is a returning item. To date an all including conclusion cannot be made, but it is 
suggested that the risk of selecting resistant bacteria is low.19 In this present investigation 
we did not evaluate bacterial culture results consistently and we consequently cannot 
present data on resistance development in this whole group. In the recently accepted RCT 
that we have discussed above, we did not find a relevant increase of resistance in the 
cultured bacteria. 
 
Although long-term low-dose antibiotic treatment seems to be a promising option, as we 
observe in a selection of patient at the outpatient clinic, it is too early to formulate firm 
conclusions. An important target for this future work could be the identification of the group 
of responders or poor prognostic factors in CRS patients. Suzuki et al. reported on 
elevated IgE levels and substantial eosinophilia in smear, tissue or blood as being poor 
prognostic factors.61 In some studies, the presence of nasal polyps also has been reported 
as being unfavourable for the efficacy of long-term low-dose antibiotic treatment.19 Further 
identification of subgroups is necessary. In our opinion long-term low-dose treatment could 
be a promising alternative treatment option in the battle against recalcitrant CRS in a 
selected group of patients. Especially when the patient is not motivated for additional 
surgery or significant co-morbidity increases the operation risks. It can also help patients 
who suffer from CRS complaints during a particular season of the year, and create optimal 
conditions for paranasal recovery in the postoperative period. However it is still difficult to 
tell which patient would benefit from this treatment and more research in this field is 
urgently required.  
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ABSTRACT 
 
Introduction 
In persistent chronic rhinosinusitis (CRS) conventional treatment is often insufficient. Long-
term low-dose administration of macrolides has been suggested as a treatment option. The 
MACS study is a Randomized Controlled Trial (RCT) evaluating the efficacy of 
azithromycin (AZM) in CRS.     
 
Patients and methods 
Patients were treated with AZM or placebo. AZM was given for 3 days at 500 mg during 
the first week, followed by 500 mg per week for the next 11 weeks.  Patients were 
monitored until 3 months post-therapy. The assessments included Sino-Nasal Outcome 
Test-22 (SNOT-22), a Patient Response Rating Scale, Visual Analogue Scale (VAS), Short 
Form-36 (SF-36), rigid nasal endoscopy, Peak Nasal Inspiratory Flow (PNIF), Sniffin’ 
Sticks smell tests, and endoscopically guided middle meatus cultures. 
 
Results 
Sixty patients with a median age of 49 years were included. Fifty per cent had asthma and 
58% had undergone revision sinus surgery. In the SNOT-22, Patient Response Rating 
Scale, VAS scores and SF-36, no significant difference between the AZM and the placebo 
group was demonstrated. Nasal endoscopic findings, PNIF results, smell tests, and 
microbiology, showed no relevant significant differences between the groups either.   
 
Discussion  
At the investigated dose of AZM over 3 months no significant benefit was found over 
placebo. Possible reasons could be disease severity in the investigated group, under-
dosage of AZM, under-powering of the study, the length of the treatment period and the 
particular macrolide used. More research is urgently required.  
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INTRODUCTION 
 
Chronic RhinoSinusitis (CRS) is defined in the European Position Paper on Rhinosinusitis 
and Nasal Polyps (EP3OS) as: the presence of 2 or more symptoms of which 1 should be 
either nasal blockage/congestion or nasal discharge combined with facial pain/pressure 
and/or reduction/loss of smell for more than 12 weeks.1 This definition is completed with 
accompanying nasal endoscopic signs and/or corresponding mucosal changes on CT 
scan. In the last decades, the management of CRS has improved substantially. According 
to the EP3OS-management-schemes, patients with CRS are primarily treated with nasal 
saline irrigation, intranasal corticosteroids, and in more severe cases with antibiotics and/or 
systemic corticosteroids, especially when nasal polyps are prominent. In patients who do 
not optimally respond to this strategy, Endoscopic Sinus Surgery (ESS) is indicated. 
Primary ESS has success rates up to 75-98%.2-6 
 
Because CRS could be considered as a mucosal disease, with participation of the 
underlying bone in severe disease or occasionally after surgery, it is often necessary to 
continue medical treatment post-operatively. This may include long-term low-dose 
antibiotics. In research most attention, especially in vitro, has centred on the antibiotics of 
the macrolide family. Besides their antimicrobial effects, macrolides are thought to have 
anti-inflammatory capacities based on the blockage of the production of cytokines, such as 
interleukin-8 (IL-8) and tumor necrosis factor-α (TNF-α), combined with effects on 
neutrophil migration and adhesion, and modulation of synthesis and secretion of mucus.7, 8 
Few studies have examined the efficacy of long-term low-dose antibiotics in CRS. The 
majority of the uncontrolled investigations evaluated macrolides using varying outcome 
measures, and have suggested clinical benefit. Improvement in symptoms and endoscopic 
findings,9 decrease in polyp size,10 improvement in radiological degree of mucosal changes 
of the sinuses on CT scan and reduction of neutrophils and IL-8 levels in nasal discharge,11 
have been reported. Others have presented data on improvement in saccharine transit 
time, nasal endoscopic examination, and Visual Analogue Scale for congestion, runny 
nose, sticky secretion and headache.12 In a prospective, randomized controlled trial (RCT) 
comparing medical and surgical therapy for patients with CRS, prolonged treatment with 
antibiotics and ESS were equally effective up to 1 year.13 In the first performed, double 
blind, randomized, placebo-controlled trial on the efficacy of 3 months of macrolide 
treatment in 64 CRS-patients, no significant differences were found. However, a significant 
benefit of macrolides over placebo was shown in a subpopulation of patients with low IgE. 
In this subgroup, Sino-Nasal Outcome Test-20, nasal endoscopy, saccharine transit time, 
and IL-8 levels in nasal lavage fluid improved in the antibiotic arm compared with 
placebo.14  
 
In an attempt to further evaluate the use of macrolides in the treatment of CRS, especially 
in patients with recalcitrant disease, we designed the MACS trial (MAcrolides in Chronic 
Sinusitis). It is a prospective, double-blind, randomized, placebo-controlled, international, 
multi-centre trial on the efficacy of azithromycin (AZM) in patients with recalcitrant CRS. To 
date, this is only the second RCT on prolonged antibiotic treatment in patients with CRS.    
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PATIENTS AND METHODS 
 
Patients 
Patients between 18 and 70 years of age were enrolled in this study after signing the 
Informed Consent Form. They all met the CRS-criteria outlined in the EP3OS definition for 
moderate to severe CRS. Their symptoms, in combination with endoscopic signs and/or 
changes on CT scan completed the diagnosis of CRS. All patients had shown absence of 
response to standard treatment regimes such as nasal saline irrigation combined with 
intranasal corticosteroids (> 6 weeks), short courses of antibiotics (< 2 weeks), and most 
patients had already undergone ESS. When performed, the last surgical procedure had to 
be more than 6 months prior to enrolment. A recent CT scan of the sinuses less than 6 
months before the start, had to show a minimum Lund Mackay score of 5 on the worse 
side of the paranasal sinus system.15 CT scans were made for diagnostic purposes only.  
 
Patients were encouraged to use saline irrigation for the nose twice daily. Intranasal or 
pulmonary steroids were allowed, as long as the dosage was kept constant throughout 
study participation (a maximum of 2 times the regular dose was accepted). Important 
medication-linked exclusion criteria were the use of systemic antibiotics and/or systemic 
corticosteroids within 4 weeks before the start of the study. Patients with a known history of 
hypersensitivity to macrolides, or those using medication known to have had a reaction to 
members of the macrolide family, could not be enrolled in the study. Other inclusion and 
exclusion criteria are shown in Table 1.  
 
Study design  
This international study was designed as a double-blind, randomized, placebo-controlled 
trial in 6 tertiary referral centres in Amsterdam, Helsinki, Leuven, London, Tampere, and 
Zagreb. It was registered with the European Clinical Trials Database (EudraCT number 
2005-001062-14). Full ethical approval was granted from all the local research and ethics 
committees of the participating centres. Patients were enrolled at the outpatient clinic by 
otorhinolaryngologists. The randomized and numbered study-medication was kindly 
provided by the pharmaceutical company PLIVA (Zagreb, Croatia). Study-medication was 
allocated per centre in 2 randomized blocks, containing 6 packs of treatments each. 
Qualified subjects were given study-medication with consecutive numbering. Envelopes 
with corresponding numbering containing the content of each box were available in case of 
adverse events. To standardize data collection, all centres followed the MACS study 
protocol and archived the data in the MACS Clinical Record Form. Patients were treated 
with study-medication for 3 months and were assessed after 6 and 12 weeks within this 
treatment period. Two weeks after the end of the treatment, the final visit was performed. A 
follow up 3 months later was performed by telephone.       
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Table 1. Inclusion and exclusion criteria. 
 

• Diagnosis of moderate/ severe CRS 
(according to the EP3OS definition).   

• Age ≥ 18 and ≤ 70 years. 
• Absence of response to standard 

treatment regimes like saline irrigation, 
intranasal corticosteroids (> 6 weeks), 
short courses of antimicrobials (<2 
weeks), or when performed ESS. After 
treatment, patients returned to the 
outpatient clinic with subjective 
complaints, objectified with signs at 
nasal endoscopy. 

• Subjects had to be > 6 months after 
the last surgical procedure on the nose 
and sinuses, when performed. 

• Sinus CT scan score ≥ 5 at the worst 
side (partial or total opacification) 
according to the Lund Mackay scoring 
system. CT scan had to be performed 
within 6 months before randomization. 
If subjects had undergone 
infundibulotomy and the infundibulum 
was open at the worst side, a score of 
≥ 3 was required. 

• Willing to give Informed Consent and 
to adhere to visit schedules and 
medication restrictions. 

• Adequate contraceptive precautions in 
subjects with child-bearing-potential. 

 

• Hypersensitivity to macrolides. 
• Systemic antibiotic or steroid treatment less 

than 1 month before, or during the study. 
• Use of drugs suspected to interact with 

macrolide antibiotics. 
• Administration of homeopathica to the nose. 
• Severe obstructive, bilateral nasal polyps 

under the middle turbinate. 
• Subjects in whom the infection can be 

explained by cystic fibrosis or congenital 
mucociliary problems (eg. Primary Ciliary 
Dyskinesia). 

• Known systemic vasculitis or granulomatous 
disease. 

• AIDS or known HIV positivity. 
• Severe septal deviation.  
• Craniofacial malformations. 
• Abnormalities requiring other modalities of 

therapy (obstructive nasal polyps, tumors, 
infection of dental origin). 

• Impaired hepatic function or hepatic 
disease. 

• Pregnancy or child-bearing-potential not 
using adequate contraceptive precautions. 

• Subject not able to give Informed Consent 
(psychiatric/addictive disorder).  

• Enrollment in other drug-trials 

 
 
Study medication  
Patients received the randomized trial medication containing either AZM or placebo. AZM 
is an azalide, a subclass of macrolide antibiotics. It acts by binding to the 50s ribosomal 
subunit of susceptible micro-organisms and interfering with microbial protein synthesis. 
Following oral administration AZM achieves relatively low serum concentrations but shows 
rapid and extensive distribution into tissues, resulting in high tissue concentrations. AZM 
also has long terminal elimination half-life, and tissue concentrations are maintained well 
beyond the serum levels decline.16 Concentrations are even higher in infected tissue, 
because AZM is transported to the site of infection by phagocytic delivery.17-19 Since tissue 
concentrations are maintained for 5-7 days after cessation, a once-daily dosing regimen of 
AZM should elevate concentrations in tissues persistently and should be sufficient in most 
infections.16, 19-22 In the MACS trial, AZM was given for 3 days at 500 mg during the first 
week, followed by 500 mg per week for the next 11 weeks.  The placebo arm received the 
same amount of tablets, identical in appearance. The total period of treatment was 12 
weeks. Hepatic function was monitored after 6 and 12 weeks during the use of the study 
medication. This treatment regime was completed with nasal saline irrigation twice daily. 
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Subjective measures 
Subjective signs and symptoms of CRS, as well as quality of life were evaluated at the 
assessment visits. The primary outcome measure was the Sino-Nasal Outcome Test-22 
(SNOT-22). This is a rhinosinusitis evaluation instrument in which patients answer 22 
questions regarding their sinonasal symptoms.23, 24  
 
Several secondary outcome measures were assessed. A Patient Response Rating Scale 
was performed to classify the subjective effect of the course (-2: desperately worse 
(deterioration of symptoms with significant impact on normal life); -1: worse (compared to 
the pre-treatment situation); 0: no change; 1: improvement (although symptoms are 
present, they are scarcely troublesome); 2: cured (virtually no symptoms present)).  
 
The Visual Analogue Scale (VAS) grades symptoms on a 10 cm line. Zero (at the left end 
of the line) represents no complaints and 10 (at the right end) the worst possible 
symptoms. The following symptoms were assessed: headache, nasal obstruction, 
rhinorrhea, postnasal drip, feeling of fullness, smell disturbance, facial pain, toothache, 
tears, coughing, nasal bleeding, crusts, general health, fatigue, nausea, vomiting, and 
diarrhoea. 
 
Short Form-36 (SF-36) is a widely used, reproducible, and valid generic quality of life 
measure, which evaluates general health status by grouping 36 item responses into 8 
health domains: Physical Function (PF), Role Physical (RP), Bodily Pain (BP), General 
Health (GH), Vitality (VT), Social Functioning (SF), Role Emotional (RE), and Mental 
Health (MH).25-28 
 
Objective measures 
The nasal cavity was evaluated by rigid nasal endoscopy. Scoring was carried out 
according to a template that graded mucosal colour (0, normal; 1, abnormal), mucosal 
swelling (0, no swelling; 1, mild swelling; 2, severe swelling), nasal secretions (0, normal; 
1, abnormal), and polyps (0, absent; 1, mild; 2, severe). Postnasal drip (0, absent; 1, 
present), and crusts (0, absent; 1, mild; 2, severe) were also evaluated. 
 
Peak Nasal Inspiratory Flow (PNIF) was performed on every visit. The best of 3 inhalations 
was recorded.29 Olfactory function was tested using the Sniffin’ Sticks Odor Identification 
Screening Test (Burghardt, Wedel, Germany). In this test, 12 pens with different odors are 
presented and the subject has to choose the correct answer from a multiple-choice form. 
The maximum score is 12 (0-6 reflects anosmia, 7-10 hyposmia and 11-12 normosmia).30 
Endoscopically guided middle meatus cultures were performed at the start and after the 
treatment, to evaluate bacterial colonization. A pre-treatment CT scan of the paranasal 
sinuses was performed and scored using the Lund-Mackay scoring system.15 
 
Statistical analysis 
All data were entered into a computerized database and analysis was conducted using 
statistical software package SPSS version 16.0 statistical software, after consulting a 
medical statistician. To analyse the primary outcome of SNOT-22, we performed an Area 
Under the Curve (AUC) analysis with Mann-Whitney U test. SNOT-22, Patient Response 
Rating scale, and the VAS scores, were analysed first by calculating delta scores (score on 
a time point minus the pre-treatment baseline score). These deltas were analysed with the 
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Mann-Whitney U test. The SF-36 questionnaire was analysed using Mixed-Model analysis. 
The nasal endoscopic findings were analysed with Chi-Square Test for Trend. PNIF and 
Smell test results were analysed with Mann-Whitney U tests. Bacteriological data were 
evaluated with the Chi-Square Test and McNemar tests. 
 
 
RESULTS 
 
Patient characteristics 
A total of 60 patients with CRS according to the EP3OS definition was identified and 
included (see Figure 1). In Amsterdam alone, 59 suitable patients were identified and 
asked to participate in the MACS trial. Only 32 (54%) of these Dutch patients approved 
participation, mainly because they did not want to risk the chance of a placebo treatment. 
This percentage of suitable patients in the other centres is not known. Due to this difficulty 
of enrolment, the MACS trial period took almost 3 years.  
 
All enrolled patients were unresponsive to conventional medical treatment and returned to 
the outpatient clinic with subjective sinonasal complaints, objectified with rigid nasal 
endoscopy. Fifty-five patients (92%) had undergone sinonasal surgery in the past in an 
attempt to relieve the CRS symptoms. These patients had undergone a mean number of 
2.5 earlier sinus surgical procedures. Other patient characteristics are displayed in Table 2.  
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  Figure 1. Patient Flow-chart of the MACS clinical trial. 
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Sino-Nasal Outcome Test-22 
In the evaluation of the SNOT-22 as primary outcome, we first assessed the Area Under 
the Curve (see Figure 2). The placebo group scored better at all the time-points. However, 
in the analysis of the area under the curve of both treatment groups, the Mann-Whitney U 
test did not demonstrate a significant difference.   
 
 
Figure 2. Area Under the Curve SNOT-22.
Statistical analysis: Mann-Whitney U test.  
 

 
 
 
Although both treatment arms did not differ significantly, we calculated mean scores of 
both treatment arms as well as the mean of the calculated delta scores, on every time 
point. Complete results are demonstrated in Table 3. Statistical analysis again, did not 
show a significant difference between the delta scores of the AZM and the Placebo group 
at any of the measured time points. Subgroup analysis evaluating the effects in patients 
with nasal polyps, asthma, and a positive skin prick tests, did not reveal any statistical 
significant differences either.   
 
 

p=0.307 
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Table 3. Sino-Nasal Outcome Test-22. 
Mean SNOT-22 score (Standard Deviation) and Mean of the delta scores (Standard 
Deviation).  
Statistical analysis: Mann-Whitney U test on the delta scores.  
 
Mean SNOT-22 score (SD). 
 T0  T6 weeks  T12 weeks  T14 weeks  Ttc               .  

  
AZM 48.2 (25.3)  42.6 (25.9)  44.1 (29.4)  42.9 (28.0)  38.0 (25.6) 
 
Placebo 40.0 (19.8)  37.3 (19.8)  32.6 (19.4)  34.2 (17.7)  38.0 (19.0) 
 
N= 60  60  56  53  51 
 
 
Mean of the deltas (SD) 
   T6 weeks vs T0 T12 weeks vs T0 T14 weeks vs T0 Ttc vs T0              
 
AZM   -5.7 (15.6)  -3.6 (21.7)  -3.7 (16.7)  -8.5 (20.3) 
 
Placebo   -2.7 (12.8)  -8.1 (16.8)  -8.9 (15.6)  -5.2 (18.9) 
 
Mann-Whitney U Test p=0.378  p=0.192  p=0.298  p=0.528 

                                                                                                                                                                                                        

 
 
Patient Response Rating Scale 
At 6 weeks, 44% of the patients using AZM reported that they were improved or cured. In 
the placebo group this percentage was 38%. At the end of the study-medication at 12 
weeks, 51% of the patients who used AZM improved or were cured. In the placebo group 
this was 35%. At 2 weeks without study medication, AZM-patients still reported 
improvement/cure in 39%. In the placebo group this was 33%. Statistical analysis, 
however, demonstrated no significant difference between de AZM and the placebo group 
at any of these time points.  
 
At the telephonic consultation at 12 weeks after cessation of the trial medication, 
Response Rating Scale data were not available for 16 patients (7 AZM and 9 placebo 
patients), mostly because of loss to follow-up or incomplete documentation. In the AZM 
group 50% of the residual 22 patients still reported improvement/cure, and in the placebo 
arm 9% (2 patients) reported that they considered themselves cured but the rest of the 
patients were doing the same as before the medication or worse. The difference between 
the AZM and the placebo group at this telephonic consultation was significant (p=0.017). 
Complete results are displayed in Figure 3. Subgroup analysis evaluating patients with 
nasal polyps, asthma and positive skin prick test results did not reveal statistical significant 
differences at any of the time points between the treatment arms.   
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Figure 3. Patient Response Rating Scale.  
After 6 and 12 weeks using study-medication, and 2 weeks and 3 months after medication ceased.   
Statistical analysis: Mann-Whitney U test on the delta scores. 
 

 
 

 
 

 
 
 

p=0.323 

p=0.788 

p=0.671 
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Visual Analogue Scale 
The mean delta scores (t12 minus t0) of both treatment arms of the VAS items are 
presented in Table 4. All these items show a decrease (improvement), except facial pain, 
coughing and tooth pain in the AZM group. Facial Pain was the only symptom with a 
significant difference between the AZM and the placebo arm, in favour of the placebo 
group. In all the other items no difference between the treatment arms was found. The 
results of the most important items are also displayed in Figure 4, demonstrating the delta 
scores in graphs.  

 
Table 4. VAS delta scores.  
Statistical analysis: Mann-Whitney U test on the delta scores (t12 minus t0). 
VAS score Mean AZM (SD) Mean placebo (SD) p-value 

Headache -0.3 (2.7) -0.7 (3.2) 0.825 

Nasal Obstruction -1.1 (3.6) -1.4 (2.9) 0.600 

Rhinorrhea -0.7 (3.1) -0.7 (2.2) 0.571 

Postnasal Drip -0.5 (3.3) -1.3 (3.0) 0.441 

Feeling of Fullness -0.6 (3.4) -1.6 (3.3) 0.195 

Smell Reduction -0.4 (3.5) -0.9 (3.2) 0.192 

Facial Pain 0.7 (3.3) -0.6 (2.5) 0.047   * 

General Health -0.3 (3.0) -0.7 (2.6) 0.441 

Tiredness -0.5 (2.7) -0.7 (3.0) 0.283 

Coughing 0.1 (3.1) -1.1 (2.9) 0.144 

Nasal crusts -0.3 (3.4) -0.8 (2.5) 0.583 

Nose Bleeds -0.3 (1.6) -0.3 (1.5) 0.307 

Tears -1.0 (3.1) -0.7 (1.9) 0.961 

Tooth pain 0.3 (3.0) -1.0 (1.9) 0.116 

Nausea -0.2 (2.5) -0.4 (0.8) 0.668 

Vomiting -0.1 (1.7) -0.5 (1.2) 0.452 

Diarrhoea -0.3 (2.0) -0.5 (1.2) 0.257 

p=0.017 
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Figure 4. VAS delta scores AZM versus placebo.   
Legends: black line: azithromycin; grey dotted line: placebo.   
Time-point 1: delta score at 6 weeks;  

2: delta score at 12 weeks;  
3: delta score after 2 weeks without treatment;  
4: delta score at telephonic consultation after 12 weeks without medication. 
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Subgroup analysis for nasal polyps, asthma and positive skin prick test results was again 
performed and did not reveal any significant difference except for 1 item. In patients with a 
positive skin prick test, coughing did not improve. This was significantly different from the 
group with a negative test. We should keep in mind that this could be a result of the 
multiple testing.   
 
Short Form-36 
Analysing the quality of life results of the SF-36 questionnaire with the Test of Fixed 
Effects, we found no statistically significant differences between the AZM and placebo arm, 
except for Role Emotional. However, looking at the next step in this analysis (Estimates of 
Fixed Effect), we could not find any significance on any time-point anymore. Analysing the 
results on the separate time points, again no significant difference between the 2 treatment 
arms was found, except for Bodily Pain (BP) at 6 weeks of using the study medication 
(Table 5).  
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Table 5. SF-36. 
Calculated p-values, comparing the AZM with the placebo group at time points after 6 and 
12 weeks of medication and after 2 weeks after the end of the study medication course. 
Statistical analysis: Mixed-Model analysis. 
 
SF-36 Placebo versus AZM 
    Pt6 Pt12 Pt14 
 
PF= physical functioning  0.310 0.677 0.501 
RP= role physical   0.547 0.739 0.779 
BP= bodily pain   0.004   * 0.127 0.619 
SF= social functioning  0.686 0.981 0.918 
MH= mental health   0.991 0.452 0.940 
RE= role emotional   0.164 0.590 0.522 
VT= vitality   0.669 0.455 0.251 
GH= general health   0.836 0.725 0.248 
PCS= physical component scor  0.110 0.304 0.581 
MCS= mental component score  0.824 0.686 0.988 
 
 
Nasal endoscopy, PNIF and smell test 
The items scored by rigid endoscopy included mucosal colour (left and right), mucosal 
swelling (inferior and middle turbinate; both sides), nasal secretions, crusts and polyps 
(inferior, middle meatus and ethmoid area; both sides), and postnasal drip, which makes a 
total of 25 items. Delta scores were calculated (score at the end of the treatment minus 
base line score). Comparing the AZM group with the placebo group only 1 item showed a 
significant difference in the Chi-Square Test for Trend. Secretions in the left middle meatus 
improved more in the antibiotic group. No significant difference was found in all the other 
items, supporting the results of the questionnaire data. Subgroup analysis on positive skin 
prick tests, showed no significant differences either. In the subgroup analysis on asthma, 1 
of the 25 items and in the analysis on nasal polyps, 3 of the 25 items showed a significant 
difference in the Chi-Square Test for Trend. Of course these results should be interpreted 
with caution, because of the multiple tests performed. 
 
Delta scores were calculated for the PNIF data by subtracting the score at a measured 
time point from the baseline score. Measured time points included 6 weeks, at the end of 
the 3-month treatment period, and at 2 weeks after the cessation of the study medication. 
No significant difference was found comparing the AZM arm with the placebo arm (see 
Table 6). Subgroup analysis on the presence of polyps and asthma did not show 
significant differences. The analysis on the positive skin prick test did only show a 
significant difference at 2 weeks after cessation of the medication. Patients with a positive 
allergic reaction did significantly worse than patients without a positive test.   
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Table 6. PNIF delta scores (SD). 
Statistical analysis: Mann Whitney U Test.  
 
 T6 AZM T6 Placebo T12AZM T12 Placebo T14 AZM T14 Placebo 

mean 5.3 -4.7 7.4 -0.3 -0.2 4.3 

SD 31.5 22.3 42.0 33.9 32.5 31.0 

p-value 0.156 0.322 0.872 

 
 
At the start of the trial the mean score of the smell test was 5.7 (maximum 12). In the AZM 
group this was 5 and in the placebo group 6. The smell tests were performed at the start of 
the medication, and at 6 and 12 weeks of medication use. On these time points no 
significant difference between the 2 arms was found. Subgroup analysis on the presence 
of polyps, asthma, and a positive skin prick test or smoking did not show significant 
differences in any of the calculations. 
 
Bacteriology 
Nasal swabs guided by rigid endoscopy were taken from the middle meatus for 
microbiologic examination before and after the completion of the treatment. At the start of 
the trial 50 (83%) patients had a positive culture. Many cultures (60%) showed commensal 
nasal flora (non-pathogenic bacterial growth). Possible pathogenic species cultured 
included Staphylococcus aureus, Streptococcus pneumonia, Haemophilus influenza, 
Klebsiella, enterobacteriaceae, Moraxella catarrhalis, and Pseudomonas aeruginosa. 
Several fungal species were also found in some cultures, most likely due to contamination. 
No significant difference was found between the AZM and placebo arm for any of the 
species. Culture results at the start of the trial and at the end of treatment for both the AZM 
and placebo group are displayed in Figure 5. In the AZM group a significant decrease for 
Streptococcus pneumonia (p=0.016) was found.   
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Figure 5. Bacteriology at baseline and after completion of the study medication. 
Statistical analysis: McNemar Test. 
 

 

 

 

*
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At the start of the study-medication, 3 out of 50 cultures (6%) were resistant to macrolides. 
In 2 of these resistant cultures, S. aureus was found, 1 in the placebo and 1 in the AZM 
group. The third resistant culture showed S. pneumoniae in a patient of the AZM group. 
Thirty of the 50 (60%) cultures demonstrated more than 1 species. At the end of the 
course, 4 out of 43 (9%) cultures were resistant to macrolides. The resistant S. aureus 
species in the placebo-treated patient was again cultured. In the placebo group 2 other 
cultures (commensals and S. pneumoniae) were resistant to macrolides. The fourth 
resistant culture, and the only one in the AZM group, was S. pneumoniae. Eighteen of the 
43 (42%) cultures showed more than 1 species.  
 
Adverse events 
No serious adverse events were reported during the use of the trial medication other than 
mild gastro-intestinal complaints, mostly mild diarrhoea. This was reported in 2 patients in 
both groups. Headache, different from rhinosinusitis-related facial pain/pressure, was 
reported in 1 patient, in each group.    
 
 
DISCUSSION 
 
CRS is a heterogeneous group of debilitating conditions with a collective definition on the 
basis of symptom duration, nasal endoscopic observations and/or radiologic findings. 
Despite the progress in the treatment of CRS in the last decades, there is still a 
subpopulation of patients with recalcitrant disease unresponsive to the conventional 
treatment schemes. The assumption that the mucosa and in some cases the underlying 
osteitic bone, are important factors in the persistence of the disease, could warrant the use 
of long-term low-dose antibiotics. Medical treatment is aimed not only at eradicating 
bacteria, but also at reducing inflammation, restoring ciliary function, and improving 
aeration of the sinuses.  
 
The efficacy of long-term low-dose treatment with antibiotics in diffuse panbronchiolitis, a 
disease of unclear aetiology, characterized by chronic progressive inflammation in the 
respiratory bronchioles, inspired the Asians to treat CRS in the same way. A number of 
reports have stated that long-term low-dose macrolide antibiotics show clinical benefit in 
CRS by reducing inflammation and biofilm formation, and preventing Pseudomonas 
aeruginosa colonization.9, 10, 31-34 Besides antibacterial properties, macrolides have been 
shown to possess immunomodulatory properties similar to those of corticosteroids. In 
animal studies, macrolides have increased mucociliary transport, reduced goblet cell 
secretion, accelerated apoptosis of neutrophils, reduced expression of cell surface 
adhesion molecules, altered structure and function of biofilm, and macrolides have shown 
to decrease levels of IL-5, IL-6, IL-8, GM-CSF, TGF-β, and TNF-α.12, 31-33, 35-38 There is also 
evidence in vitro showing that macrolides reduce the virulence and tissue damage caused 
by chronic bacterial colonization without eradicating the bacteria.39 However, to date, the in 
vitro results could not be demonstrated in vivo in many cases. Therefore it remains to be 
established if these findings are clinically relevant.  
 
As a consequence of the promising data in the literature, long-term low-dose antibiotics are 
already been administered to patients with recalcitrant CRS in an increasing number of 
outpatient clinics, despite the lack of hard scientific evidence. It is also included as a 
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treatment choice in the management of CRS without nasal polyps in the EP3OS document. 
As mentioned earlier, the MACS trial is only the second randomized, placebo-controlled 
trial on macrolides in the treatment of CRS.   
 
In summary, the MACS trial did not demonstrate benefits for the CRS-patients treated with 
AZM over placebo: not in the results of 4 different questionnaires, nor in the multiple items 
evaluated during rigid nasal endoscopy, nor in the results of PNIF, smell tests and 
microbial evaluation.  
 
A guarded exception could perhaps be made for the results of the Patient Response 
Rating Scale. There was no significant difference between the results of both arms, during, 
at the end and after 2 weeks after cessation of the study medication. However, at the 
telephone consultation, 3 months after the end of the study-medication, there were 
significantly better results in the AZM group compared with the placebo group. However, 
16 patients were lost to follow-up, possibly as a result of selection bias. In the VAS results, 
we found a significant difference for facial pain. Surprisingly the placebo group did better 
than the group treated with antibiotics. We are aware of the fact that we performed an 
extended number of tests analysing the data. Due to this multiple testing an occasionally 
significant result is more likely to occur.    
 
Our results are in some degree comparable with the data of the study from Wallwork.14 
Unfortunately in our study we did not analyse total IgE levels in a majority of patients, so a 
subgroup analysis of the patients with low IgE was not possible. However the sub-analysis 
performed on skin prick test results, did not demonstrate data with significant relevance. 
This study does not support the data from the study of Ragab.13 The difference between 
Wallwork’s investigation and the MACS trial compared with the Ragab study, is the 
inclusion of a placebo group. We cannot exclude that in the Ragab study a placebo group 
would have had a positive result too. However the reduction in SNOT-20 in the Ragab 
study was definitely larger than in the Wallwork and MACS study for which we do not have 
an explanation.  
 
Bacteriology did not show significant differences between the AZM and the placebo group 
either, although in the AZM group reduction was achieved by the study medication, which 
was significant for Streptococcus pneumoniae. One could suggest that even at the present 
low-dose microbial flora seems to be modified, although clinical impact was not 
demonstrated. In long-term low-dose administration of antibiotics there is often a 
discussion between the clinician and microbiologist regarding the possible induction of 
resistant of microorganisms. In our opinion, the resistant strain demonstrated in the study 
was not inducted by the study medication but was more likely the result of selective 
pressure of long-term low-dose antibiotics.   
 
Multiple comments can be made on the drawbacks of this double-blind, randomized, 
placebo-controlled study. However, before we discuss them, we would like to stress the 
recalcitrant nature of CRS studied in this population. All of the participating patients had 
suffered from CRS for many years and were unresponsive to conventional treatment 
regimes and the majority had undergone repeated sinus surgery. A substantial number of 
the patients suffered from mild nasal polyps and/or had a positive skin prick test, indicating 
important co-morbidity. It could be possible that in a better-selected subgroup of patients 
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with CRS, without nasal polyps for example, results would be more promising. This would 
fit better with the findings of daily practice were macrolides seem to work in some people. 
The problem could be related to the definition of the population. 
 
The appropriate dosage of AZM could also be a point of discussion. It is generally 
accepted when using prolonged courses of antibiotics to start with the conventional dose 
used to treat an acute infection. Thereafter, half this dose is given for weeks or months. In 
the literature there are reports of the beneficial effect of AZM with a comparable dosage 
used in this study for the treatment of recurrent acute otitis media in children, for 
prophylaxis against agents causing acute respiratory disease in the army, and for prostate 
infection caused by Chlamidia trachomatis, to name but a few.21, 40, 41 However the once 
weekly dose of 500 mg appears not to be effective in this study, as a possible results of 
under-dosage for treatment of CRS. In trials on prolonged macrolide use in cystic fibrosis 
patients, clinical significant effects are demonstrated using higher dosage schemes of 
between 1200 mg weekly and 250 mg daily during 6 month.42 In normal ENT practice, 
especially in tertiary referral centres for recalcitrant CRS, often the long-term antibiotic 
course is prolonged until a stable situation has been achieved. This can sometimes be a 
significantly longer period of time than the arbitrary chosen time window of 3 months used 
in this trial. It could therefore be that the period of treatment has been too short for AZM in 
the present dosage. Unfortunately we did not control tissue or serum levels to evaluate the 
Minimal Inhibiting Concentration (MIC). For the evaluation of a prolonged course of 
antibiotics, the follow-up was relatively short: 2 weeks and 3 months after cessation of the 
study medication. On the other hand, it is unlikely that there would be a beneficial effect 
caused by AZM, 3 months after medication stop, if there is no significant improvement 
demonstrable during the course itself. Under-powering of the study could also be a 
relevant reason that has been mentioned earlier. Patients were hard to recruit, and most of 
them continuously demanded next steps in the treatment process. As a result of the multi-
centre set up of the MACS trial, there is a risk of an inter-observer bias. Patients were seen 
by different rhinologists at different centres, in different countries. Although there is 
frequent communication between these rhinologists and they work according to the latest 
European treatment schemes, this risk cannot be ruled out.   
 
To further evaluate the usefulness of a long-term low-dose macrolides in the treatment of 
recalcitrant CRS a lot of work is still required. The existence of different subgroups within 
the CRS population seems to surface again. The treatment might be useful, in an as yet 
unidentified subpopulation, rather than in every CRS patient. Future research should focus 
on the identification of characteristics of such subpopulations and poor prognostic factors 
should be recognized. Suzuki et al. reported that elevated IgE levels and substantial 
eosinophilia in smears, tissue or blood were poor prognostic factors.43 In our population 
total IgE was found to be available in a too small number of patients to further evaluate this 
element. However, 32% of the patients had a positive skin-prick test, which makes atopy a 
substantial factor in this population. The presence of nasal polyps also has been reported 
as being unfavourable for the efficacy of long-term low-dose antibiotic treatment.12, 13, 44-46     
 
This study has demonstrated that AZM at this dosage is not an option in the battle against 
recalcitrant CRS. Other members of the macrolide family, other dosage schemes and 
different treatment periods have to be evaluated to further define the role of long-term low-
dose macrolides in the treatment of recalcitrant CRS.  
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ABSTRACT 
 
Introduction 
Despite optimal medical therapy and endoscopic sinus surgery there still remains a group 
of unfortunate patients suffering from exacerbations of recalcitrant chronic sinusitis. We 
have performed a pilot study in order to determine whether nebulized topical antibiotic 
therapy improves sinusitis symptoms more than saline-based placebo in patients with 
recalcitrant chronic rhinosinusitis. 
 
Patients and Methods 
A randomized, placebo-controlled, double-blind, cross-over pilot study was conducted in 
14 patients with recalcitrant CRS. Nasal irrigation with bacitracin/colimycin or placebo 
using the RhinoFlow nebulizer twice daily was administered in combination with oral 
levofloxacin. Severity of a diversity of symptoms was measured using the VAS score, a 
Disease-Specific Symptom Score and the SF-36 questionnaire. Nasal endoscopic findings 
were also assessed. 
 
Results 
For most VAS items and Disease-Specific Symptom Scores, a reduction in severity of 
symptoms was noted in both the bacitracin/colimycin and the placebo group. No significant 
difference was found between the 2 arms (bacitracin/colimycin or placebo). Most SF-36 
items improved, compared with the situation before treatment in both groups. However no 
significant difference was found between the verum and placebo arm. Endoscopic findings 
did not reveal significant differences when comparing the 2 treatments. 
 
Conclusion and discussion 
The outcome of this study suggests a beneficial effect of nebulizing the nose with saline. 
This study again shows that adding antibiotics to local saline is not effective. Although the 
placebo-controlled studies looking at the effect of local antibiotics are all small they point in 
the same direction: no effect. Definite conclusions however need a large randomized, 
multicenter study. 
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INTRODUCTION 
 
Chronic Rhino Sinusitis (CRS) is a common chronic condition with an estimated 
prevalence between 5-15% of the population in Europe and the United States.1,2 Contrary 
to its high prevalence and substantial costs for society, many uncertainties exist around the 
pathogenesis of CRS. Biofilm is suggested to be an etiological factor of CRS in addition to 
anatomical, immunological, viral and bacterial causes, and has been reviewed recently.3 
Biofilms are structured communities of adherent micro-organisms encased in an 
Extracellular Polymetric Substance (EPS). They continually present antigen, resulting in 
chronic inflammation. Characteristics of biofilm, resemble important features of the clinical 
course of recalcitrant CRS. Analogous to its predominance in nasal CRS cultures, 
Staphylococcus aureus (S. aureus) has been linked to biofilm.4,5 Patients described in this 
study suffer from recalcitrant CRS with persistent nasal colonization of S. aureus.  
 
The medical treatment regime for CRS consists of a combination of nasal saline irrigations, 
decongestants, nasal and systemic steroids, and courses of antibiotics. Patients with CRS 
resistant to this medical regime are treated with Endoscopic Sinus Surgery (ESS). Despite 
the success rate for a primary ESS procedure of around 80%,6,7 and other ongoing 
advances like new generations of antibiotics, there are still unfortunate patients with 
recalcitrant CRS. Even repeat ESS in combination with maximal medical treatment does 
not reduce symptoms. Radical surgery has been suggested as a last refuge for these 
cases.8,9 In general practice, prolonged antibiotics are frequently prescribed in an attempt 
to control recalcitrant CRS.10 Although widely accepted, this strategy is empirical and 
based in part upon culture reports available in current literature. Disadvantages of 
prolonged antibiotic administration include allergic reactions, gastrointestinal and hepatic 
disturbances, nephrotoxicity, photosensitivity, infection of the infusion site, embolism, 
ototoxicity, and resistance of the pathogenic micro-organisms. Topical application of 
antibiotics directly to the target site has been suggested to prevent these adverse effects of 
prolonged systemic administration and avoid frequent blood tests. In patients with 
polyposis, topical administration of nasal steroids has been well accepted for years as a 
treatment modality.  
 
It is interesting that so few studies have been conducted to explore the therapeutic option 
of topical nasal antimicrobials in the treatment of recalcitrant CRS. In 1999, Leonard et al. 
reported good reduction of symptoms with little bacterial resistance when using ceftazidime 
added to saline irrigation in post surgical CRS patients.11 In a prospective study, Kamijyo et 
al. reported on 28 patients treated with fosfomycin nebulization 3 times a week for a period 
of 4 weeks. Improvement in terms of objective symptoms and endoscopic findings was 
rated as at least fair in about 60% of patients, except for the amount of secretion. 
Postnasal drip improved in 88% of the patients.12 Vaughan et al. evaluated the effect of 
nebulization of several antimicrobials over a period of 3 months in 42 patients with CRS. 
They reported significant improvements for posterior nasal discharge, facial pain and 
emotional consequences. There was also an increase of the “disease-free interval 
period”.13 In a retrospective evaluation, Scheinberg et al. reported on the effect of 
nebulized antibiotics for the treatment of acute exacerbations of CRS in 41 patients. 
Eighty-three per cent of the patients improved on nasal obstruction, facial pain, rhinorrhea 
and malaise after administration of nebulized antibiotics. The researchers concluded that 
nebulized antibiotics should be considered for all patients with CRS who have undergone 
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ESS and who have failed to respond to oral antibiotics or who do not tolerate them.14 
Recently, Antunes et al. reported on the dose-dependent effects of topical tobramycin in an 
animal model of Pseudomonas aeruginosa sinusitis. They noted that as opposed to normal 
saline irrigations, topical tobramycin led to a significant improvement in the degree of 
infection in this animal model.15  
 
Other studies, most placebo controlled, report less favourable data. In a randomized 
double-blind, placebo-controlled trial analyzing 50 patients with CRS, Sykes et al. 
evaluated the efficacy of nasal sprays with combinations of dexamethasone-tramazoline-
neomycin, dexamethasone-tramazoline, or matched placebo. No significant difference in 
response between the active preparations with or without antibiotic was found after 2 
weeks of treatment.16 Kobayashi and Baba used an ultrasound-type inhaler and studied 
therapy with aminoglycoside, fosfomycin, and cefmenoxime 3 times per week. Their 
findings suggested that in patients without previous sinus surgery, the main effect of the 
nebulized medications was in the nose, with only an indirect effect on the maxillary 
sinuses: no experimental evidence was found of antibiotic penetration into the maxillary 
sinus.17 In a randomized, double-blind trial Desrosier et al. reported that both tobramycin-
saline solution and aerosolized saline solution led to equal improvements in quality of life 
(QoL), symptomatology, and endoscopic aspects of the nasal mucosa. The addition of 
tobramycin appears of minimal benefit.18  
 
Despite these reports, the body of evidence is too small and too diverse to draw definitive 
conclusions about the effectiveness of nebulizing antibiotics in treating recalcitrant CRS. 
Motivated by the intention to find alternative treatment options for patients with CRS not 
responding to conventional treatment modalities, we performed this pilot study. We 
investigated the efficacy of nebulized bacitracin/colimycin in combination with 2 weeks of 
oral levofloxacin, in a group of CRS patients for whom there are currently no other medical 
or surgical therapeutic alternatives. Our main aim was to determine whether topical 
nebulized antibiotic therapy in combination with oral antibiotics, improves CRS symptoms 
and prevents relapse of disease better than saline-based placebo.  
 
 
PATIENTS AND METHODS 
 
Patients 
This study was initiated in 2004 at the Erasmus Medical Centre Rotterdam and was 
completed in 2007 at the Academic Medical Centre (AMC) Amsterdam (the Netherlands). 
The local ethics committee’s of these tertiary referral centres, approved the study. 
Informed consent was obtained from all subjects. Patients of at least 18 years of age were 
eligible for the trial when they met the aspects of the clinical diagnosis of recalcitrant CRS, 
combined with nasal colonization with S. aureus. Recalcitrant CRS was defined as 
inflammation of the nose and paranasal sinuses characterized by 2 or more symptoms, 
one of which should be either nasal blockage/obstruction/congestion or nasal discharge 
(anterior/posterior nasal drip) in combination with facial pain/pressure and/or reduction or 
loss of smell for more than 12 weeks. These symptoms should be confirmed with nasal 
endoscopy and CT scan evaluation.19 Patients included in this evaluation all underwent 
several technically successful ESS procedures in combination with optimal medical 
therapy. Despite adequate communication between the sinuses and nasal cavity observed 
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during endoscopy, patients continued to suffer from recurrent exacerbations of CRS, not 
responding to further medical therapy. We defined these patients therapy resistant when 
symptomatology and a positive nasal culture for S. aureus returned, despite 2 previous 
attempts to treat the disease with appropriate antibiotics (at least 2 weeks) and nasal 
saline irrigation. Other eligibility criteria included an adequate command of the Dutch 
language and sufficient contraceptive precautions when childbearing potential. Exclusion 
criteria were: extensive obstructive nasal polyposis, known immune suppression or 
deficiency, sinonasal neoplasm, severe anatomical defects of the nose or paranasal 
sinuses, other underlying diseases like cystic fibrosis, congenital mucociliary problems, 
and vasculitic or granulomatous disorders.  
 
Study 
This pilot study was designed as a randomized, placebo-controlled, double-blind, cross-
over study to evaluate the additional effect of bacitracin/colimycin nebulization with the 
RhinoFlow. Bacitracin is an inhibitor of the cell wall synthesis, and has in vitro activity 
against even methicillin resistant S. aureus.20 It was also shown to be active in suppressing 
S. aureus nasal carriage.21 The applied dose bacitracin/colimycin (830/640 μg/ml) 8 ml 
twice daily is significant higher than the Minimal Inhibitory Concentration (MIC) range for 
most predominant species of S. aureus described in literature.20,22-27 A saline-based 
solution containing no active components served as placebo and was identical in 
appearance to the verum medication. Combined with the nasal irrigation for 8 weeks, both 
arms started with levofloxacin 500 mg twice daily for 2 weeks. Levofloxacin is effective 
against a number of gram-positive and gram-negative bacteria, and is prescribed 
empirically for a wide range of infections (e.g. upper airway infections, pneumonia, and 
urinary tract infection). The administration of levofloxacin was used to treat the acute CRS 
exacerbation and reduce the S. aureus load.  
 
After 8 weeks of nebulization, a wash out period of at least 4 weeks was initialized before 
the study could continue conform to other reports.18 The washout period included a period 
of a minimum of 2 weeks in which patients were instructed to evaluate CRS symptoms. 
After these 2 weeks, patients contacted the investigating doctor, when evident 
symptomatology reappeared. Evaluation by the investigating otorhinolaryngologist 
including a nasal culture was performed within another 2 weeks. The second phase could 
only start when nasal S. aureus colonization was confirmed. Patients who did not 
experience relapse of CRS did not enter the second phase of the trial. During the second 
treatment phase of 8 weeks, both arms again started nebulizing with the provided study 
medication, combined with levofloxacin for 2 weeks. Patients, who used 
bacitracin/colimycin in the first half of the study, were given placebo in the second phase 
and vice versa. The study design flow chart is shown in Figure 1. 
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Figure 1. Design and Patient Flow (Cross-Over Study). 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nebulizer 
RhinoFlow (Respironics, Inc., Cedar Grove, NJ, USA), a system available commercially for 
generating nebulized aerosol to irrigate the nasal cavity and sinuses, was used to apply 
the study medication. The RhinoFlow Nasal Wash and Sinus System consists of a 
portable, sealed, electric, lubricant-free, piston compressor and a micronizer chamber. It 
generates particles between 20 and 30 μm, which is in the range where distribution into the 
sinuses is best achieved.28 The nebulized study medication was stored in the refrigerator 
and self-administered at home. 
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Outcome measures 
Severity of disease was measured using VAS scores, a Disease-Specific Symptom Score 
and the SF-36 questionnaire. The VAS score grades symptoms on a 0-10 cm line. Zero (at 
the left of the line) represents no complaints and 10 (at the right of the line) the worst 
possible symptoms. The following symptoms were assessed: nasal obstruction, rhinorrhea, 
postnasal drip, crusts, headache, facial pain, smell disturbance, nasal pain, nosebleeds, 
fever, malaise, fatigue. The Disease-Specific Symptom Score evaluates the following 
fourteen items by grading them from 0 to 10: nasal obstruction, rhinorrhea, postnasal drip, 
crusts, headache, facial pain, feeling of fullness, smell disturbance, nose bleeds, tears, 
tooth pain, vision disturbance, coughing, and asthma.9,29 SF-36 is a widely used, 
reproducible, and valid generic quality of life measure, which evaluates general health 
status by grouping 36 item responses into 8 health domains: Physical Function (PF), Role 
Physical (RP), Bodily Pain (BP), General Health (GH), Vitality (VT), Social Functioning 
(SF), Role Emotional (RE), and Mental Health (MH). Endoscopic findings were also 
evaluated. 
 
Statistical analysis 
To investigate the comparative efficacy of bacitracin/colimycin and placebo, we plotted the 
change in outcome (end of treatment minus pre-treatment measurement) for both these 
arms in one graph. Because of the cross-over design, each patient was depicted twice 
(once in the placebo, and once in the active group) unless they did not participate in the 
second part. The mean change was compared using both a paired t-test (only 
measurements of patients that did cross-over) and an unpaired t-test (analysis of all 
available measurements). Statistical analysis of the data was performed with the software 
SPSS, version 12.1, and GraphPad Prism, version 4. 
 
 
RESULTS 
 
Patients 
Fourteen patients (6 male, 8 female) were enrolled in this study. The mean age was 52 
years (range, 33-87 years). The trial population underwent a median of 4 sinonasal 
operations (range, 2 to 9 procedures) before the start of this study. Two patients were 
smokers. Three of them only completed the first half of the study (i.e. the first 8 weeks). 
One patient from the bacitracin/colimycin group did not notice an aggravation of symptoms 
during the wash-out period and therefore did not participate in the second phase of the 
trial. One patient from the placebo arm underwent symptom reduction after the first 
treatment period, but did not want to continue the study without medical reason. Another 
placebo-group patient reported no noticeable symptom reduction and decided to end 
participation after the first 8 weeks. The nebulized study medication was well tolerated and 
no side effects were reported during the complete course of the trial in any of the patients. 
Patient compliance and medication storage was checked during every visit and appeared 
optimal. 
 
Visual analogue scale 
Compared to the pre-treatment scores, nasal crusts (p=0.04) and facial pain (p=0.03) were 
significantly reduced when treated 8 weeks with bacitracin/colimycin. A comparable 
reduction was found in the saline-based placebo arm (p=0.03 and p=0.02, respectively). 
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Because of the small sample size and the limited power of formal statistical tests, the 
change in scores between post- and pre-treatment (delta) for both the bacitracin/colimycin 
(B) and placebo (P) group was visualized in scatter plots to detect any potential pattern in 
scores. Every dot represents a patient. Figure 2 shows the results per symptom. For most 
items, a reduction in symptom severity was noted in both the bacitracin/colimycin and the 
placebo group. However, no significant difference was found between the two arms 
(bacitracin/colimycin (B) vs. placebo (P)). The associated t-test results are summarized in 
Table 1. Analysis of added complementary symptom scores like crusts, postnasal drip and 
rhinorrhea in different combinations did not gain any additional insights. 
 
 
Table 1. VAS score (p-values). 
bacitracin/colimycin vs. placebo 
 
    t-test  
  
nasal obstruction  0.38  ns 
rhinorrhea  0.84  ns 
postnasal drip  0.22  ns 
crusts   0.64  ns 
headache  0.90  ns 
facial pain  0.53  ns 
smell disturbance  0.72  ns 
nasal pain  0.50  ns 
nose bleeds  0.36  ns 
fever   0.25  ns 
malaise   0.07  ns 
tiredness  0.42  ns 
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Figure 2. Overview of changes in VAS scores for different symptoms (end-treatment-score minus pre-
treatment score). B= bacitracin/colimycin (left); P= placebo (right) 
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Disease-Specific Symptom Score 
Most symptoms improved over time. Nasal crusts were significantly reduced compared to 
the pre-treatment score in both the bacitracin/colimycin arm and the placebo arm (B: 
p=0.002; P: p=0.002). Feeling of fullness (p=0.009) and nosebleeds (p=0.04) were 
reduced in the verum-arm. To compare the two study arms, delta scores were again 
calculated, and visualized in scatter plots. There was no significant difference between the 
bacitracin/colimycin and placebo group. Table 2 shows the p-values. Once again, analysis 
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of summarization of complementary symptoms scores like crusts, postnasal drip, and 
rhinorrhea in different combinations failed to generate additional information. 
 
 
Table 2. Disease-Specific Symptom Score (p-values) 
bacitracin/colimycin vs. placebo 
 
   t-test 
     
nasal obstruction  0.85  ns 
rhinorrhea  0.29  ns 
postnasal drip  0.26  ns 
crusts   0.30  ns 
headache  0.45  ns 
facial pain  0.45  ns 
feeling of fullness  0.45  ns 
smell reduction  0.75  ns 
nose bleeds  0.92  ns 
tears   1.00  ns 
tooth pain  0.65  ns 
vision disturbance 0.92  ns 
coughing  0.62  ns 
asthma   0.44  ns 

 
 
Quality of life results 
Before treatment, the subjects with CRS had significantly poorer QoL scores in all SF-36 
domains compared to the general Dutch population. The lowest score was for Role 
Physical. General Health, Vitality, and Social Functioning, also scored below 50. Figure 3 
shows the SF-36 scores for the bacitracin/colimycin group compared with the placebo 
group. Most items improved compared with the situation before treatment in both the 
treatment and placebo group. None of the improvements were significant compared with 
baseline. Role Physical and Vitality showed a tendency towards significance. Compared 
with the scores for the general Dutch population, the scores for most subdomains 
remained lower in both groups after completion of treatment. Additional analysis to 
investigate significant difference between the bacitracin/colimycin group and placebo did 
not reveal any significant results. 
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Figure 3. SF-36 score before and after nebulization. 
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Endoscopic findings 
Nasal endoscopy was performed during the outpatient clinic visits. The findings were 
subdivided in different categories: nasal obstruction, rhinorrhea, crusts, polyps, color of 
mucosa, and postnasal drip. Items were scored on a 3-point scale (absent, mild and 
severe). Mucosa color improved significantly in the bacitracin/colimycin group (p=0.0001). 
No significant differences were found between the 2 treatment modalities. 
 
 
DISCUSSION 
 
The complete pathophysiology of refractory CRS has not been unravelled, but seems to be 
complex, multifactorial, and continues to be debated in literature. In addition to host 
characteristics, including anatomical variations, allergy, ciliary dysfunction, and IgG 
subclass deficiencies, external factors like pollution, fungi, viruses, and bacteria all seem to 
play a role. In many bacteriological culture studies, S. aureus has been found to be a 
predominant species.30-35 Despite the consistency of culture results positive for S. aureus, 
there is no consensus about whether its presence is of pathogenic importance. Recently 
some studies have reported on the intracellular presence of S. aureus in the epithelial cells 
of the middle meatus mucosa.36,37 These intracellular colonies may represent a reservoir 
for recurrent episodes of CRS that are protected from host defense mechanisms and 
antibiotic treatment. The secretion of various enzymes and toxins feeds the inflammatory 
reaction and preserves the recalcitrance of the disease. Moreover S. aureus has been 
discussed in literature because of its superantigen potentials38 and their apparent link to 
biofilm.4,5 Patients in this recent study were selected for the presence of S. aureus in the 
middle meatus culture, performed during nasal endoscopy. Its presence was not an 
outcome measure in this investigation, but served as an indicator of relapse of disease.  
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Therapy in patients suffering from recalcitrant CRS consists of repetitive ESS procedures 
combined with maximal medical treatment. Despite this treatment strategy, some 
unfortunate patients continue to endure invalidating sinonasal complaints. Ostia of the 
sinuses play a pivotal role in the disease. The goals of surgery in the recalcitrant cases are 
not necessarily curative. The intention is rather to reduce the severity of symptoms by 
improving the ostia-opening and removing diseased mucosa. Nasal endoscopy in our 
subjects revealed open neo-ostia, providing a sufficient way for drainage and aeration. 
Despite this freely communicating sinonasal complex, inflammation with mucosal oedema, 
nasal secretion and crusts stubbornly persists.  
 
As mentioned in the introduction, it is interesting that so few studies have been conducted 
to explore the therapeutic role of topical nasal antimicrobials. Several studies indicate that 
the local application of antibiotics has a beneficial effect.11-15 Others have found that nasal 
irrigation is useful, but addition of antibiotics represents no supplementary advantage.16-18 
Goh and Goode, and Elliott et al. have reviewed the limited data; their overall conclusion 
was that the role of nasal antimicrobial therapy, although promising, was not 
established.39,40  
 
Our pilot study revealed that patients with therapy resistant CRS, many symptoms have a 
tendency to decrease compared with the pre-treatment period after using the nebulizer in 
combination with levofloxacin. None of the analyses comparing the bacitracin/colimycin 
group with placebo however identified significant differences. Therefore this study has not 
confirmed any additional effect of the locally administered antibiotics. A post-hoc sample-
size calculation was conducted to estimate the minimum size of groups needed to detect a 
statistical difference (two-tailed, α=0.05) and a power of 0.80. To detect differences in the 
CRS important symptoms, each group would have to include at least a minimum of 126 
patients.  
 
The reason to evaluate bacitracin/colimycin nebulized with the RhinoFlow was the 
observation of favourable results in a group of CRS patients treated in this manner. The 
primary goal of antimicrobial therapy is to provide an adequate concentration of a drug at 
the site of infection to eradicate bacteria and produce a clinical cure. However, the targeted 
pathogen must be sensitive to the chosen medication. A suboptimal dose could make it 
more likely that bacteria will survive and adapt through acquisition of drug resistance.40 
Factors like optimal dose, absorption rate into sinus mucosa, and dosing regimen have not 
yet been established for nebulized bacitracin/colimycin. Our dosage was well above the 
target MIC levels described in literature. We did not try to increase the dose or frequency 
of administration. The results of this study suggest that the current concentration or 
administration frequency may be too low to be effective against S. aureus. We did not 
conduct any closer investigation on the sensitivity of the S. aureus.  
 
One might wonder why saline solution itself is as effective as the antibiotic treatment. The 
mechanically cleansing of the sinus surface by the nebulized solution appears to be 
relevant. Saline irrigation has been shown previously to be effective in improving sinonasal 
disease, both subjectively and objectively.41,42 The regular irrigation reduces the viscosity 
of the secretion and improves the mucocilliary transport. The additional reduction of 
mucosal oedema, microbes, toxins and inflammatory substances could also be beneficial. 
It is opted that irrigation may have a role in the mechanical removal of biofilm.18,41  
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Could the course of levofloxacine confound the outcome of the nebulized medication? As 
discussed in the definition, the patients proved to be therapy resistant after at least 2 
courses of antibiotics combined with nebulized saline. Levofloxacin has an estimated half-
life of 6-8 hours and was used in both arms. In our opinion the beneficial effect of 
levofloxacin was unlikely to camouflage the true effect of the nebulized medication over the 
period of 8 weeks. However we cannot prove this with the present data.  
 
Is the nebulizer an adequate mode of administration? Efficacy reports in literature about 
this local distribution method are contradictory. Negley et al. demonstrated direct delivery 
of medication to the sinus using the Rhinoflow.28 Wormald et al. demonstrated that the 
nebulizer is adequate in terms of delivery.43 Olsen et al. reported that the nebulizer was 
less effective than positive- and negative-pressure irrigation of the nose.44 Miller et al. 
showed that bulb syringe irrigation of the nose was statistically superior to the nebulizer.45 
Future research should also keep other ways of topical administration in mind.  
 
A variety of further comments must be made about the study structure before arriving at 
more definite conclusions. An obvious shortcoming is the low number of included patients. 
A major reason for this limited group size is the low prevalence and the severity of disease 
in this studied population. We describe a group of “nasal cripples”, patients who were 
unsuccessfully treated with repeated ESS in combination with maximal medical therapy. 
We compared the quality of life scores of this studied population with the therapy resistant 
cases of the population treated with Denker’s procedure (see chapter 4), recently 
published by our group.46 The scores were remarkably similar and significantly worse than 
the scores of the general population (Figure 3). Turning to the study structure, it should be 
pointed out that, in cross-over setting, effect of one treatment may “carry over” and alter 
the response to subsequent treatments. The usual approach to prevent this is to introduce 
a washout period (no treatment) between consecutive treatments, which is long enough to 
allow the effect of the treatment to wear off.18 This was done in this study. An additional 
drawback of the cross-over setting is the selective lost to follow-up. Patients who feel 
better may decide to end participation, as may the patients who fail. The short duration of 
the follow-up also merits mention.  
 
In conclusion, we found that nebulizing the nose and paranasal sinuses had a beneficial 
effect, on several CRS symptoms. Our results did not find any additional effect when 
bacitracin/colimycin was added to the nebulized solution. Definite recommendations 
cannot be made on the basis of this pilot study. Future research should join forces and 
randomized, multicentre studies are needed to explore this field of treating recalcitrant 
CRS and providing longer disease-free intervals for this group of patients. 
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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. 
 
 

MCD-Videler_NEW_PROEF (all).ps Back - 68     T1 -    Black CyanMagentaYellow



REPETITIVE ENDOSCOPIC SINUS SURGERY FAILURE: A ROLE FOR RADICAL SURGERY? 
 
 

 137

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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ABSTRACT 
 
Objectives 
Despite effective medical therapy and repetitive endoscopic sinus surgery in the treatment 
of chronic rhinosinusitis, there still remains a small group of patients without improvement 
of symptoms. This study evaluates the effect of radical surgery on quality of life and pain in 
these patients with recalcitrant disease.  
 
Study design 
A prospective, questionnaire-based study was conducted in 23 patients who underwent 
Denker’s procedure for refractory chronic rhinosinusitis. Quality of life and pain were 
evaluated before surgery and 12 months and 2 years after surgery with the SF-36 and 
McGill Pain Questionnaire. 
 
Results 
Seven of the eight mean scores of the SF-36 postoperatively improved after surgery, with 
statistical significance for Role Physical (p=0.048). Bodily pain showed a strong tendency 
to significance. Results of the McGill Pain Questionnaire show a significant improvement in 
most of the subscores after surgery implying less pain. 
 
Conclusion 
Radical surgery improves the physical burden of chronic rhinosinusitis and pain experience 
in patients with therapy resistant chronic rhinosinusitis. 
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INTRODUCTION 
 
Chronic rhinosinusitis with or without nasal polyps (CRS/ NP) has been defined as nasal 
congestion/obstruction/blockage in combination with facial pain/pressure or mucopurulent 
discharge (anterior/posterior nasal drip) or reduction/loss of smell for more than 12 weeks.1 
Recent data have demonstrated that CRS/NP is among the most common chronic 
conditions, affecting around 5% to 15% of the urban community in Europe2,3 and around 
12% to 15% of the population in the United States.3 In literature it is well recognized that 
CRS/NP has a substantial impact on patient’s quality of life, implying extensive costs to 
society in terms of use of health care resources, loss of productivity, and absence from the 
workplace. 
 
Functional Endoscopic Sinus Surgery (FESS) is indicated in cases of CRS/NP that do not 
respond to adequate medical treatment (intensive nasal saline irrigations, decongestants, 
nasal steroid spray or drops, courses of antimicrobials, systemic steroid treatments). This 
surgical approach has become the golden standard in the last 2 decades with first time 
success rates of 80% to 90%.4-6 Despite these adequate results, there is still a small group 
of patients that remains unresponsive to even repetitive endoscopic sinus surgery (ESS) 
procedures, combined with optimal medical treatment. It was reported earlier7 that in 
therapy resistant disease, symptom reduction can be achieved by radical surgery with the 
use of the Denker procedure that combines the nasal cavity and paranasal sinuses into 1 
cavity with the exception of the frontal sinus. The remaining cavity on either side of the 
nasal septum extends vertically from the ethmoid roof to the floor of the nose and 
paranasal sinus and horizontally from the lateral wall of the maxillary sinus to the nasal 
septum. Despite promising data, debate still continues whether radical surgery is a feasible 
treatment option in refractory CRS/NP. 
 
In recent years there has been a trend in CRS/NP research, not only to investigate 
symptoms (such as rhinorrhea, nasal obstruction, or headache) and objective measures 
(such as endoscopic findings and CT scans), but also to evaluate the impact on quality of 
life with general health measures, disease specific health assessments, and other 
questionnaires.3,8,9 The most widely used general health evaluation instrument is the 
Medical Outcome Study 36-item Short-Form health survey (SF-36).10 This instrument 
assesses health-related quality of life (QoL) outcomes that are known to be affected most 
directly by disease and treatment. The SF-36 has been used extensively to provide 
information concerning the functional well-being of individuals with chronic diseases such 
as hypertension, diabetes mellitus II, chronic obstructive pulmonary disease (COPD), 
congestive heart failure, and low back pain. In the evaluation of patients with CRS/NP, it is 
a relatively new concept. Ragab et al.3 used the SF-36 to measure the effect of FESS 
versus medical treatment. Khalid et al.11 showed significant improvement in overall general 
health status after FESS with the SF-36. Our group showed in an earlier study9 that 
evaluated the effect of G-CSF (filgastrim) in patients with severe therapy resistant CRS/NP 
that SF-36 was a valuable method to compare CRS/NP with other chronic diseases like 
hypertension, diabetes, and angina pectoris. 
 
An important symptom in CRS/NP is pain. Pain was evaluated in this study with the McGill 
Pain Questionnaire (MPQ). The MPQ is a well-known instrument to assess the 
multidimensional experience of pain. Although MPQ allows the assessment of different 
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aspects of pain at different time points, it is seldom used in CRS/NP studies. V. Agthoven 
et al.9 used MPQ in the evaluation of the filgastrim study, and Tarabichi12 investigated 
persistence of facial pain with the MPQ in patients who underwent FESS. No other reports 
of the use of MPQ in the evaluation of pain related to sinus surgery were found in the 
literature. 
 
Additional assessment of 14 CRS-symptoms was performed via a third disease specific 
questionnaire. These results have been reported earlier.13  
 
The aim of this prospective study was to evaluate the effect of radical surgery in patients 
with refractory CRS/NP on general QoL and pain. A secondary aim was to put the burden 
of severe CRS/NP in perspective to other chronic diseases. 
 
 
PATIENTS AND METHODS 
 
Patients 
Between 1999 and 2002, data were prospectively collected in patients with therapy 
resistant CRS/NP in a tertiary care rhinology practice. Approval for the study was obtained 
from the Ethics Committee of our institution and signed informed consent was obtained 
from all the patients. Patients scheduled for radical surgery according to the Denker 
procedure as a last resort to achieve symptom relief for refractory CRS/NP were enrolled 
in this study. All patients had had this condition for many years and underwent at least 3 
ESS procedures combined with optimal medical therapy without long-term improvement. 
Other eligibility requirements included sufficient command to speak Dutch and a minimum 
age of 18 years. Criteria for exclusion were: CRS/NP due to craniomalformations or 
anatomic abnormalities of the nose and paranasal sinuses, surgery in case of 
malignancies or inverted papilloma, cystic fibrosis, gross immunodeficiency (congenital or 
acquired), congenital mucociliary problems, eg., primary ciliary dyskinesia, systemic 
vasculitis, or granulomatous disease. 
 
Study design 
Patients were evaluated with 2 different questionnaires at different time points. The impact 
of radical surgery on general QoL was evaluated by the SF-36,10 whereas different aspects 
of pain experience were assessed by the McGill Pain Questionnaire-Dutch Language 
Version (MPQ).14 After subjects met all eligibility criteria and were enrolled in the study, 
both the SF-36 and MPQ were self-administered. The baseline questionnaires (t0) were 
administered within 1 month before surgery. Questionnaires were administered again at 6 
months (t6), 12 months (t12), and 24 months (t24) postoperatively. Demographics and health 
history of the patients were recorded separately. 
 
General quality of life 
General health measures have evolved over the years in an effort to assess general health 
in a universally valued way that is not age, disease, or treatment specific. These measures 
are applicable to all health conditions and allow a comparison of QoL impact in different 
diseases as well as healthy and diseased subjects. The SF-36 was developed during the 
Medical Outcome Studies of the Rand Corporation, and measures general health and 
quality of life.10,15 The Dutch translation of the SF-36 and psychometric properties of this 
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version were found adequate.16 SF-36 is a commonly used, reproducible, and valid generic 
QoL measure that evaluates general health status by grouping 36 item responses into 8 
health domains: physical function (PF), role physical (RP), bodily pain (BP), general health 
(GH), vitality (VT), social functioning (SF), role emotional (RE), and mental health (MH). 
These 8 domains can be aggregated into 2 sum scores, physical and mental health. 
Analysis of SF-36 scores was performed by calculating the 8 health domains and the 2 
weighted summary scores with published algorithms.10,15 In this way all raw scale scores 
were converted to a 0 to 100 scale. Higher scores indicate better levels of QoL. Results 
were compared with normal values of the Dutch population.16 
 
Pain assessment 
Evaluation of pain was performed by the MPQ, which is a reliable and validated 
instrument.14,17 It measures 3 different aspects of pain. This instrument consists of a list of 
20 groups of adjectives, divided into 12 sensory (S), 5 affective (A), and 3 evaluative (E) 
subclasses. Each subclass contains 3 words (or 4 in the evaluative subclass) ranked in 
increasing intensity. The word with the lowest impact gets a score of 1, and the worst 
adjective will get a score of 3 (or 4 in the evaluative subclass). Two major measures are 
distilled from the adjective list: the pain-rating index (PRI) and the number of words chosen 
(NWC). The PRI adds the rank numbers of all words chosen constructing PRI-S (sensory), 
PRI-A (affective), and PRI-E (evaluative). The sum of these 3 scores forms the total score 
(PRI-T). Furthermore the number of words chosen (NWC) in all the 3 dimensions can be 
added to form NWC-S, NWC-A, NWC-E. Summarization of these 3 NWC scores forms the 
total score (NWC-T). Low scores mean fewer numbers of words selected and/or lower 
intensity rank words chosen to suggest minor pain impact. Higher scores of both measures 
denote more pain and more pain impact. 
 
Outcome measures 
The major outcome measures were the 8 SF-36 health domains before and after surgery 
and the differences between the preoperative and postoperative subscores of the MPQ. 
The SF-36 scores were compared with the scores of other chronic diseases. 
 
Statistical analysis 
All data were entered into a computerized database and data analysis was conducted with 
the SPSS version 12.0 statistical software (SPSS Inc, Chicago, Ill). Preoperative mean 
scores were compared with scores after Denker’s procedure with the use of Friedman 
tests. When the preoperative symptoms were significantly different (p<0.05) from the 
postoperative symptoms, Wilcoxon Rank tests were performed to determine which of the 
complaints at a certain time point were significantly different from the preoperative 
situation. In assessment of the internal consistency and reliability of the MPQ 
questionnaire, Cronbach’s α and reliability coefficients were calculated. 
 
 
RESULTS 
 
Patient characteristics 
Twenty-four patients, who underwent the Denker procedure between January 1999 and 
January 2002 for refractory CRS/NP were identified. Twenty-three of them completed all 
pre- and postoperative questionnaires and were included and analyzed in this study. The 
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group consisted of 11 females and 12 males with a median age of 50 years (range, 27 to 
69 years). Evaluation of medical histories demonstrated that patients had experienced 
CRS/NP for a median of 15 years (range, 4 to 59 years). The first sinonasal surgical 
procedure was performed at a median age of 32 years (range, 12 to 55 years). Patients 
had undergone a median of 6 sinonasal operations (range, 3 to 11) before inclusion in the 
present study. All patients had undergone an infundibulotomy, 91% an ethmoidectomy, 
48% had a polypectomy, 43% a Caldwell-Luc, and 35% of the patients underwent a 
Claoué procedure (antrostomy in the inferior meatus of the nose connecting the maxillary 
sinus to the nasal cavity). Complicating comorbidity was present in a high number of 
patients including 16 (70%) patients with concurrent asthma, 4 (17%) patients with aspirin 
intolerance, and 6 (26%) patients with an atopic constitution. Before Denker’s procedure, 
14 (61%) patients showed total opacification of 3 or more sinuses at least one-sided. 
Diagnostic work-up demonstrated CRS with nasal polyposis in 15 (65%) patients, and CRS 
without signs of nasal polyps in 8 (35%) patients. In this prospective study, Denker’s 
procedure was performed bilaterally in 14 (61%) patients and 1 sided in 9 (39%) patients 
because of unilateral presence of disease. Revision surgery was not indicated for any of 
our patients within 2 years after surgery. One patient had an oroantral fistula without 
clinical complaints. No other complications were recorded as a result of surgery. 
 
Quality of life results 
Before treatment, the subjects with CRS/NP had significantly worse QoL scores in all SF-
36 domains compared with the general Dutch population. RP had the lowest score. GH, 
VT, BP, and RE all scored below 50. Pre- and post- operative scores are shown in Table 1 
and Figure 1. After radical surgery, 7 of the 8 mean scores at 24 months were higher 
compared with the preoperative score implying improvement of symptoms. Friedman tests 
of the groups showed statistical significance for RP and BP, p=0.02 and p=0.04, 
respectively. The Wilcoxon rank analysis showed statistical significance for RP, on t6 and 
t24 after surgery (p=0.05 and p=0.048, respectively). Remarkably t12 showed a decline and 
was not significant. The analysis of BP showed a significant difference on t6 and t12, 
p=0.015 and p=0.018, respectively. However, on t24 the p value did not reach significance. 
RE showed an extensive improvement at 24 months. However, the Friedman test for the 
complete group of all the time points was not significant (p=0.2); therefore, the Wilcoxon 
test could not be performed for the individual time points. The sum scores for PH and MH 
were stable and did not improve noticeably after radical surgery. Compared with scores of 
the healthy Dutch population, all of the 8 subdomains remained significantly lower 
postoperatively. 
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Table 1

Preoperative and postoperative scores

SF 36 health survey

Domain mean (standard deviation)

pfriedmanPreoperative t6 t12 t24

Physical functioning (PH) 53.7 (26.9) 60.0 (24.2) 52.4 (25.7) 57.6 (23.2) ns
Role physical (RP) 18.5 (33.0) 30.0 (40.2) 15.8 (32.5) 30.9 (41.0) 0.02
Bodily pain (BP) 41.0 (21.6) 57.1 (33.3) 54.7 (33.4) 49.6 (29.2) 0.04
General health (GH) 36.9 (19.8) 41.1 (19.7) 34.5 (18.9) 37.4 (24.1) ns
Vitality (VT) 37.4 (17.2) 47.5 (19.1) 40.3 (18.3) 44.4 (18.9) ns
Social functioning (SF) 52.2 (29.1) 60.0 (30.8) 50.7 (26.5) 58.8 (26.4) ns
Role emotional (RE) 46.0 (47.7) 45.0 (47.5) 49.1 (45.0) 62.5 (46.9) ns
Mental health (MH) 64.9 (19.1) 67.2 (19.2) 62.5 (14.8) 64.0 (20.9) ns
Physical health 33.4 (9.0) 38.3 (10.7) 34.1 (11.8) 33.4 (9.8) ns
Mental health 41.0 (12.0) 41.8 (12.6) 41.4 (10.9) 44.0 (12.4) ns

 
 
 
Figure 1. Health domain scores of 23 refractory CRS patients before and after radical sinus surgery. 
 

 
 
 
Comparison of our SF-36 data with patient groups with other chronic diseases (head and 
neck cancer, hypertension, angina pectoris, migraine, and COPD; see Figure 2), 
demonstrated that our subjects exhibit the most severe symptom burden comparable with 
COPD. 
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Figure 2. Comparison of SF-36 scores of chronic rhinosinusitis with other diseases. 
 

 
 
 
Pain results 
In the analysis of the MPQ, pain rating index (PRI) scores contain the most information. 
PRI scores of the 3 different dimensions (PRI-S, PRI-A, PRI-E) were calculated as well as 
the number of words chosen (NWC-S, NWC-A, NWC-E) and the total scores. Table 2 
represents the mean score and standard deviation of these computed variables. The 
calculated postoperative scores were compared with the preoperative situation. Results of 
the PRI show a lower score after surgery compared with the preoperative score in all the 
subscores, implying less pain. This decrease in postoperative scores was consistent at all 
the postoperative time points and showed a significant difference at 24 months after 
surgery compared with the baseline situation for PRI-S and PRI-T. A strong tendency to 
significance was found for PRI-A. The NWC scores were all significantly different. For the 
MPQ, no reference values for the general Dutch population were available. To measure 
internal consistency, we calculated the Cronbach’s α and correlation coefficients. 
Cronbach’s α varied from an acceptable 0.79 to 0.90. The correlation coefficients were 
also sufficient throughout these data. 
 
Subgroup analysis on asthma, aspirin intolerance, atopic constitution, and nasal polyps did 
not show any significant differences between the groups with or without the comorbidity. 
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Table 2

Mean score of the indexes of MPQ-DLV in 23 patients before and after surgery

Mean score (standard deviation)

pfriedman pwilcoxon t24Preoperative t6 t12 t24

PRI-S 6.7 (5.4) 4.0 (4.5) 4.7 (6.0) 3.7 (4.3) 0.002 0.01
PRI-A 4.2 (2.9) 2.1 (2.8) 2.3 (2.3) 2.9 (3.2) 0.008 0.07
PRI-E 4.6 (2.6) 2.6 (2.9) 3.0 (2.8) 3.2 (3.5) 0.02 0.11
PRI-T 15.6 (9.4) 8.7 (8.8) 10 (9.6) 9.8 (9.5) 0.009 0.04
NWC-S 4.2 (2.8) 2.6 (2.5) 2.7 (3.0) 2.5 (2.5) 0.023 0.01
NWC-A 2.7 (1.6) 1.2 (1.5) 1.4 (1.2) 1.8 (1.9) 0.004 0.05
NWC-E 2.2 (0.9) 1.3 (1.3) 1.5 (1.3) 1.4 (1.3) 0.023 0.03
NWC-T 9 (4.4) 5.1 (4.6) 5.5 (5.0) 5.7 (5.2) 0.007 0.02

PRI, pain rating intensity; PRI-S, PRI sensory; PRI-A, PRI affective; PRI-E, PRI evaluative; PRI-T, PRI total; NWC, number of words
chosen; NWC-S, NWC sensory; NWC-A, NWC affective; NWC-E, NWC evaluative; NWC-T, NWC total.

 
 
 
DISCUSSION 
 
There is still debate whether radical sinus surgery is a feasible last treatment option in 
cases of therapy resistant chronic rhinosinusitis to achieve improvement of quality of life 
and reduction of symptoms. This discussion is in contrast to chronic frontal sinusitis, where 
radical surgery according to Draf (Draf III procedure) already has been accepted as an 
effective last therapeutic option to improve frontal drainage and relieve disabling frontal 
headache.18 There is little literature on the impact on QoL of Draf III procedure. Schulze et 
al.19 reported improved symptoms and decreased medication requirements in the majority 
of patients. 
 
Recently, there has been a trend in research on chronic rhinosinusitis, to fill in the gaps 
between all the objective assessments of CRS/NP with subjective outcome measures like 
general quality of life measures and disease specific questionnaires. Several different 
instruments have been developed, tested, and used. In this study, we used the SF-36 and 
the McGill pain questionnaire. A major advantage of the SF-36 questionnaire is that it 
translates symptoms into broader concerns important to patients. Second, it allows 
comparison across diagnosis and puts the investigated disease into perspective with other 
illnesses. Pain as an important symptom in CRS/NP is often difficult to rate. It not only 
changes in magnitude, but it can also manifest itself in different forms and unique qualities. 
A benefit of the MPQ list is that it evaluates different dimensions of pain. 
 
The main findings of our study are 1) radical surgery with the Denker procedure improves 
RP and pain; and 2) patients with CRS/NP have significantly worse QoL compared with 
other chronic conditions. The outcome of the SF-36 showed improvement after surgery in 
7 of the 8 domains. After statistical analysis improvement in RP appeared to be significant 
2 years after radical surgery. This should be interpreted that patients have less impairment 
in work or other daily activities as a result of physical health problems. Analysis of the 
subgroup BP showed statistical significance up to 12 months postsurgery. In other words, 
patients experience less pain or limitations caused by pain. Although the reduction of BP 
noted in the SF-36 questionnaire was not significant on t24, the reduction in pain after 
radical surgery with the Denker procedure was clearly indicated by the MPQ questionnaire. 
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The reduction of pain, found in these 2 questionnaires, was confirmed by a disease 
specific questionnaire also completed in this study cohort and published recently.13 We 
found that the symptoms of facial pain and headache improved on a scale from 0 to 10. 
The preoperative facial pain score of 7 was reduced to 4 (p=0.09), headache from 7 to 5 
(p=0.6). Sixty-one percent of these patients reported a reduction of facial pain, and 
headache improved in 52% of the patients. These results were not statistically significant 
most likely because of the small sample size. 
 
To put the severity and the impact of CRS/NP on QoL in perspective, we compared the 
SF-36 results of our population to other groups of CRS patients.8,10,11 Our population had 
the lowest score preoperatively for all the 8 health domains compared with the other 
studies. An example is shown in Figure 3 where the results of Khalid et al.11 are compared 
with our data. The improvement in the study cohort of Khalid et al. showed a nearly 
significant improvement after FESS (80% revision procedures) at 3 years follow-up. The 
scores in the Khalid et al. population were better than the scores of the Denker population 
implying the more severe type of CRS/NP in the last group. The population most 
comparable in severity to ours was the population in the study of v. Agthoven et al.9 
Subjects were treated with filgastrim (G-CSF) or placebo and QoL data of the CRS/NP 
subjects were compared with other chronic diseases. We did not find data on lower SF-36 
results for CRS/ NP than the data in our study cohort. 
 
 
Figure 3. Comparison population Khalid vs Videler 

 
 
 
One step further is to put the severity of the CRS/NP subjects into perspective with other 
chronic disorders. Comparison of our SF-36 data with patient groups with other diseases 
demonstrated that our subjects exhibit the most severe symptom burden (see Figure 2). 
The scores of the CRS/NP populations and thus the impact on QoL of the disease were 
mostly comparable with the symptom burden of chronic obstructive pulmonary disease. 
These findings match with other published data and allow us to put the relative symptom 
burden of CRS/NP in perspective.20,21  
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Some remarks have to be made to the results of this investigation. Our study cohort 
represents a statistically small sample from a single institution. The small number of 
patients with this kind of severe disease warrants multi-centre studies to investigate the 
option of radical surgery for refractory CRS/NP in more detail. 
 
Another limitation that should be noted is that the SF-36 and MPQ-DVL are not specifically 
designed for CRS/NP. However, these nonspecific parameters do serve to give a good 
impression of the level of disability caused by CRS/NP and provide possibilities to compare 
between other patient groups. Because the SF-36 has been validated, widely accepted, 
and has normative values for the rhinosinusitis population, it has been recommended as a 
general health status instrument.22 MPQ is not widely used in CRS/NP research. In this 
investigation, however, it appears to be of substantial value to assess pain as an important 
symptom in CRS/NP. In further studies, a combination of subjective QoL data should be 
completed with objective outcomes of endoscopic findings and computed tomography (CT 
scan). 
 
A third comment is the remarkable decline of the SF-36 RP result on t12. We found that 3 
patients with reasonable high scores on t6 and t24 showed unexplainable low scores on t12. 
The influence of these 3 patients seems to have an overrated effect on the results due to a 
relative small sample size. A clear answer for this observation was not found. Influence of 
season could not explain this phenomenon because subjects enrolled in the study in 
different seasons of the year. Difference in rinsing regimen could be one of the 
confounders but further research in larger groups of patients is needed to be more specific. 
 
A last comment could be the possible downside effects of a radical surgical procedure like 
Denker’s procedure. Before Denker’s procedure, in all the patients, there was extensive 
scarring and very serious mucosal pathoses, reducing the chance of functional recovery to 
a minimum. Known problems after radical surgery mentioned in literature are excessive 
scarring and crusting, damage to the nasolacrimal duct causing epiphora, and the empty 
nose syndrome. None of these items were indicated as a problem in this study population. 
Excessive crusting was prevented mainly because of the intensive nasal rinsing regimen. 
Patients should be informed about the lifelong nasal irrigation regimen upfront. Epiphora 
caused by iatrogenic damage to the nasolacrimal duct, adhesions, or crust has not been 
noticed in this group. A possibility to prevent epiphora could be a procedure where silicon 
drains are applied into the nasolacrimal duct. This is not routinely done in our clinic. 
 
 
CONCLUSION 
 
This study was developed to gain more insight in the effectiveness of radical surgery to 
improve QoL in patients with therapy resistant CRS/NP. The present study demonstrates 
that radical surgery has led to improvement in the physical burden of CRS/NP and pain 
experience. Moreover, it is demonstrated that this study cohort had a significantly worse 
QoL than most other chronic conditions. 
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BACKGROUND 
 
Chronic Rhinosinusitis is ranked as one of the most prevalent chronic diseases,1 and 
significantly contributes to health care expenditure, directly as a result of visits to 
healthcare practitioners combined with the usage of medical or surgical treatments, and 
indirectly as a result of loss of productivity and absence from work.1-5 CRS is frequently 
mistaken for a persistent common cold, and because there are no signs outside the 
patient, acceptance of the disease can sometimes be frustrating. As we have 
demonstrated in this thesis, quality of life of CRS patients is decreased substantially, and 
appears to be severe compared with other chronic conditions.6,7 When comparing SF-36 
results of different diseases published in literature, scores of the recalcitrant CRS 
population, are even worse than scores measured in patients with head and neck cancer, 
migraine, and postlingual deaf adult patients (not displayed); the CRS-scores seem to be 
comparable with patients with COPD (Figure 1).7-10 
 
 
Figure 1. Comparison of SF-36 scores of chronic rhinosinusitis with other diseases. Legends: PF: physical 
functioning; RP: role physical; BP: bodily pain; GH: general health; VT: vitality; SF: social functioning; RE: 
role emotional; MH: mental health. 
 

 
 
 
Nowadays, it is well accepted that CRS constitutes a heterogeneous group of diseases 
with potentially different underlying etiologies. Clinically CRS can be divided into two 
groups depending on the presence or absence of nasal polyps found on nasal endoscopy. 
Besides nasal polyps, other factors seem to be relevant, including Staphylococcus aureus 
superantigens,11-15 intracellular microorganisms,16,17 fungal infections,18-21 biofilm,22 and 
osteitis of the underlying bone,23-25 among others. These factors could be possible markers 
for different subgroups of CRS and embody the heterogeneity of the disease. It is likely to 
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expect that this list of underlying etiologies will lengthen in time when more research in this 
field will be undertaken.  
 
The multiplicity of possible underlying etiologies makes understanding the pathophysiology 
of CRS in general, and treatment of the individual patient in daily clinical practice, 
challenging. Despite the delicate support from evidence of randomized controlled trials, 
different treatment modalities have been incorporated in guidelines. This lack of evidence 
based treatment options, combined with the strong tendency of CRS to recur in a vast 
group of patients, its high and increasing incidence, and the substantial symptom burden of 
CRS in the individual patient, stimulated us to undertake a number of research projects, 
attempting to unravel some of the obscurities of recalcitrant CRS. This present thesis is a 
consequence of these projects, containing 3 main themes. In this discussion chapter we try 
to put our findings into perspective with the present literature: 
 
 

• Etiology and diagnosis, the role of fever and osteitis in recalcitrant CRS 
 

o After recognition of differences between the European and the American 
CRS-definition, we investigated one of them: fever. This was done in a 
simple but effective prospective evaluation of the body temperature in 
patients scheduled for sinus surgery compared with a group of patients 
scheduled to undergo a rhino- or septoplasty.   

 
o The second part of this chapter reports on one of the factors possibly 

responsible for the recalcitrant nature of CRS in some patients: osteitis. 
We performed a literature review on the present knowledge of the role of 
osteitis in recalcitrant CRS.  

 
o In addition to the osteitis review, we investigated the incidence and 

severity of osteitis in patients with CRS using the newly developed Global 
Osteitis Scoring Scale, as described in part 3. 

 
 

• Medical treatment options in recalcitrant chronic rhinosinusitis 
 

o Many modes of therapy are used in the battle against recalcitrant CRS in 
daily clinical practice nowadays. Alongside nasal saline irrigation and 
corticosteroids, antibiotics in different shapes and administration-
modalities embody the cornerstone of CRS therapy. As evidence for the 
use of antibiotics, both long-term low-dose and topical, is still weak or 
lacking, we performed a retrospective evaluation on an outpatient clinic 
population treated with different long-term low-dose antibiotics.  

 
o In the second part of chapter 3, we report on our randomized, placebo-

controlled trial (the MACS study) on the efficacy of long-term low-dose 
azithromycin in the treatment of recalcitrant CRS.  
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o In a quest for alternative treatment forms, a randomized controlled pilot 
study was performed on the efficacy of nebulized bacitracin/colimycin in 
CRS-patients, which is described in the third part of this chapter. 

 
 

• Radical surgery, a last resort? 
 

o Despite intensive medical regimes in combination with repetitive 
endoscopic sinus surgery, there is a small group of patients, who does 
not improve, but continuously suffers from recalcitrant CRS. In chapter 4 
of this thesis we evaluated radical surgery as a possible last resort for a 
selected group of CRS-patients.  

 
 
THE ROLE OF FEVER AND OSTEITIS IN RECALCITRANT CRS 
 
Is fever a symptom of CRS?  
There are reports that CRS could be a cause of unexplained prolonged fever.26,27 Fever is 
also included in the CRS-definition of the American Academy of Otolaryngology-Head and 
Neck Surgery.28 However, in the latest European CRS-definition,29 fever is not included as 
a relevant symptom. The difference in these two leading definitions and the absence of 
frequent observations of fever in our clinical practice triggered us to evaluate the role of 
fever as a symptom in CRS. In a prospective study, no significant difference was found 
between the pre-operative measurements of the body temperature in CRS patients 
scheduled for endoscopic sinus surgery, compared with a control group planned for 
surgery of the nose without CRS. When reviewing literature, only very few data on fever in 
CRS can be found. A prevalence of 3 to 9% in patients undergoing sinus surgery has been 
reported.30,31 In our studied cohort we did not found a temperature higher than 37.8 C in 
the CRS group. It has already been suggested that the use of fever as a minor symptom in 
the American definition should perhaps be re-evaluated.32 This simple study puts a finger 
on a weak spot in CRS research in general, namely the lack of a globally accepted 
definition, which hampers the comparison of data and the drawing of firm conclusions. 
Revision of leading definitions, and the formulation of a globally accepted definition should 
be put on top of the priority list of every CRS research board. 
 
Is osteitis a causative factor in CRS? 
Mucosal changes in CRS have been well described. Still a lot has to be learned about the 
question why this mucosal layer persists to be inflamed. In a group of patients with 
recalcitrant CRS, bony changes can be observed on CT scans of the paranasal sinuses. In 
comparison with data on mucosal changes in CRS, limited literature is available on these 
bony changes. There are studies correlating bony changes seen on CT scan with poorer 
surgical outcome33 and with recurrent disease.23 In our study,34 as well as other reports,23,35 
the bony changes are related with prior or revision surgery on the paranasal sinuses. We 
could not demonstrate a relationship between the finding of osteitis of the underlying sinus 
bone, and disease severity.34 The incidence of the bony changes seen on CT scan varies 
from 2 to 64%.33,36,37 In our study 40% of the CRS group and none of the control group had 
evidence of osteitis.34 This percentage was 64% in the patients who had undergone 
revision surgery. Few studies describe a self-developed, unvalidated scale to score bony 
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changes in patients with CRS.33,36,38 Our group developed and validated the Global Osteitis 
Scoring Scale. This newly developed scale correlated well with the Lund-Mackay score. 
The Global Osteitis Scoring Scale could be a trigger for future research, and could perhaps 
be implemented as a tool in future guidelines on CRS.   
 
In our review on the role of osteitis in CRS, data available in literature were interpreted and 
summarized. Facts worth mentioning are the histological findings in animal as well as 
human samples, including bone resorption, bone deposition, widening of the haversian 
system, involvement of the periosteum, fibrosis and cellular infiltrates.23,25,36,38-43,45-47 It has 
been demonstrated that the bony changes, can spread, in the presence of a surgical 
intervention, not only to the adjacent bone but also to the bone of the opposite sinonasal 
complex.44 Two studies observed widening of the spaces of the haversian system through 
osteoclastic resorption, followed by increased vascularization during the initial phase of 
disease. In later stage disease fibrosis of the haversian canals was observed.44,46 One 
could consider these bony changes as signs of infection. However, to date no group was 
able to demonstrate bacteria in the osteitic bone of the paranasal sinuses. Whether 
bacteria induce bony remodeling because of associated inflammation or whether they truly 
infect bone remains unknown. Three possibilities on the role of bacteria have been 
suggested: 1) bacteria directly destroy the non-cellular components of bone by liberating 
acid and proteases, 2) bacteria promote cellular processes that stimulate the degradation 
of bone, or 3) bacteria inhibit the synthesis of bone matrix.48 
 
To date there are more questions than answers in the pathophysiologic mechanism of 
osteitis in CRS. From the available data it is unclear whether osteitis is a responsible factor 
in recalcitrant CRS, and whether its presence is primarily associated with sinus surgery or 
should be seen as a more common endpoint of recalcitrant disease. These questions 
warrant further research.   
 
 
MEDICAL THERAPY 
 
Should we treat recalcitrant CRS with long-term low-dose macrolides? 
The effects of long-term low-dose macrolides seem to extend beyond anti-infectious 
properties and become apparent with prolonged use at a low dose. Although convincing 
clinical evidence for the use of long-term low-dose macrolides in the treatment of 
recalcitrant CRS is lacking, it is incorporated in protocols and guidelines, and is 
administered to patients at outpatient clinics. In vitro studies are promising, but only few 
studies have examined the efficacy of long-term low-dose macrolides in CRS in vivo. The 
majority of the uncontrolled investigations on macrolides have suggested clinical benefit.49-

52 In a prospective, randomized controlled trial (RCT) comparing medical and surgical 
therapy for patients with CRS, prolonged treatment with antibiotics and ESS were equally 
effective up to one year.53 In the first double-blind, randomized, placebo-controlled trial on 
the efficacy of 3 months of macrolide treatment in 64 CRS-patients, no significant 
differences were found. However, a significant benefit of macrolides over placebo was 
shown in a subpopulation of patients with low IgE.54 In a recent RCT on the efficacy of 
methylprednisolone and a member of another antibiotic family (doxycycline) in 47 patients, 
a significant effect on nasal polyp size, nasal symptoms, and mucosal and systemic 
inflammation markers was demonstrated in both treatment arms.55 However the effect of 
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doxycycline was, although longer lasting, very small compared to the effect of 
prednisolone.  
 
In the first part of chapter 3, we report on the results of a retrospective evaluation of 
trimethoprim-sulfamethoxazole and macrolides. Symptom reduction as well as 
improvement of the mucosal condition on nasal endoscopy was achieved equally in both 
treatment arms. These results are in concordance with the results from Ragab who in a 
similar group of patients showed an effect of erythromycin comparable with FESS.53  
 
More or less as a counterpart of these data, we report results of the MACS trial in the next 
part of this chapter. In this second ever RCT on the efficacy of long-term low-dose 
macrolide treatment, we demonstrated that azithromycin was equally effective as placebo 
in a group of 60 patients. In contrast with the hopeful findings of supposed 
immunomodulatory effects of macrolides in vitro, convincing clinical benefits have not been 
demonstrated in the MACS trial or any other placebo-controlled study. 
 
We realize the contradictory findings in chapter 3. In the retrospective evaluation we found 
that long-term low-dose treatment with both trimethoprim-sulfamethoxazole and macrolides 
improve the CRS symptom burden and normalize the aspect of the mucosa evaluated by 
nasal endoscopy. However, in the MACS trial results of the treatment with azithromycin 
and placebo were equally effective. Although the in vitro data of macrolides are promising, 
and the efficacy in other chronic diseases have been demonstrated,56 convincing in vivo 
evidence has not been found to date. It is too simple to say that the results of the double-
blind placebo-controlled trial are more valid than the retrospective data. Interestingly the 
retrospective data show a very significant reduction of symptoms and improvement in 
endoscopy in both groups of around 80% of the patients. The same is true for the study of 
Ragab.53 In the double-blind placebo-controlled trial however, only 10/31 of the placebo 
patients and 14/29 patients on azithromycin improved. So we cannot conclude that the 
retrospective study shows a placebo effect. Of course the patients and doctors in the 
retrospective trial knew that the patients received medication, which may deflect the results 
positively. We cannot disregard the negative results of the double-blind placebo-controlled 
trial, however we should not totally dismiss long-term macrolides as non-effective at this 
moment. The difficulty to include patients in these trials with the chance of negative 
selection (see also further below), the possibility that the groups were too small, the dose 
too low or the possibility of responders that could not be discriminated because of group 
size have to be taken into consideration. In daily practice we identify some patients that 
seem to benefit from long-term low-dose treatment, whereas others fail. Further studies 
trying to characterize these responders versus non-responders have to be performed. 
Another point of attention should be the further exploration of possible underlying causes 
like biofilm, osteitis, superantigens and fungi, being possible targets for future medical 
treatment. To summarize, the results of the retrospective analysis and the MACS trial did 
not hold the key for strong recommendations for the use of long-term low-dose macrolides 
in patients with recalcitrant CRS. However, the findings of this thesis do underscore, the 
urgent need for more RCTs on this topic. The form of these RCT’s and the setting in which 
they have to be performed needs very careful consideration.  
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Is topical antibiotic treatment useful? 
It is interesting that so few studies have been conducted to explore the therapeutic role of 
topical nasal antimicrobials, this in contrast with the vast number of papers writing on the 
intranasal use of topical steroids. Several studies indicate that the local application of 
antibiotics has a beneficial effect.47,57-60 Others have found that nasal saline irrigation is 
useful, but addition of antibiotics represents no supplementary advantage.61-63  We 
investigated a group of patients with recalcitrant CRS, selected for the presence of S. 
aureus in the middle meatus culture. In our randomized, placebo-controlled, double-blind, 
cross-over pilot study, we found that nebulizing the nose and paranasal sinuses had a 
beneficial effect on several CRS symptoms. However, no additional effect was 
demonstrated from adding bacitracin/colimycin to the nebulized solution.6 Based on the 
limited amount of literature and this study we cannot recommend the use of local 
administration of antibiotics in the treatment of recalcitrant CRS. Rinsing has proved again 
to be important in the reduction of CRS symptoms. More structured, dose-depending 
investigations, on the efficacy of different intranasal antibiotic solutions, seem warranted.  
 
 
RADICAL SURGERY, A LAST RESORT? 
 
Is radical surgery an option to treat recalcitrant CRS?  
Patients with recalcitrant CRS, form an unfortunate group within the total CRS population. 
CRS-symptoms persist, despite a series of ESS procedures in combination with maximum 
peri-operative medical management. The functional approach has proven to be insufficient 
to break the vicious cycle of recalcitrant CRS in this group. Radical surgery could be an 
option, aimed at reduction of the inflammatory burden and optimization of drainage and 
aeration of the sinuses in patients with CRS. In contrast with literature on radical sinus 
surgery on for example inverted papilloma, angiofibromas, mucoceles and sinonasal 
malignancies, reports on the role of radical surgery in treatment of recalcitrant CRS is 
limited to only a couple of reports. In these studies, radical surgery (medial maxillectomy, 
(modified) Denker’s procedure) has been retrospectively evaluated, and authors conclude 
that it is a safe and effective last resort for a selected group of patients. Improvement of 
nasal obstruction, headache, feeling of fullness, postnasal drip, rhinorrea, and facial pain 
have been reported.64-66 
 
We performed a prospective evaluation on a group of 23 patients suffering from 
recalcitrant CRS who were unresponsive to conventional treatment. As a last resort to treat 
their complaints they all underwent radical surgery. A self-developed list of disease specific 
questions, the McGill pain questionnaire and the Short Form-36 were performed before 
and several times postoperatively, up till 2 years. Patients reported significant improvement 
of feelings of congestion in 74%, rhinorrhea in 70%, and nasal obstruction in 60% of the 
cases. This improvement was sustainable up till 2 years post surgery. Reduced olfactory 
perception and asthma did not improve.67 The calculated postoperative scores of the 
McGill Pain questionnaire were compared with the preoperative situation. Results showed 
a lower score after surgery compared with the preoperative score in all the subscores, 
implying less pain.7 As mentioned earlier at the start of this discussion chapter, the SF-36 
scores of the CRS population and thus the impact on QoL of the disease were mostly 
comparable with the symptom burden of chronic obstructive pulmonary disease and can 
be classified as severe in comparison with other chronic disorders. These findings match 
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with other published data and allow us to put the symptom burden of CRS/NP in 
perspective.68 The outcome of the SF-36 showed improvement after surgery in 7 of the 8 
domains. After statistical analysis improvement in role physical appeared to be significant 2 
years after radical surgery. This should be interpreted that patients have less impairment in 
work or other daily activities as a result of physical health problems. Revision surgery was 
not indicated for any of our patients within 2 years after surgery. Our prospective data 
suggest that radical surgery may be a viable treatment option to achieve symptom 
reduction after repetitive ESS failure. It improves the physical burden of chronic 
rhinosinusitis and pain experience in patients with therapy resistant chronic rhinosinusitis.  
 
There is still debate whether radical surgery of the maxillary sinus is a feasible last 
treatment option in cases of therapy resistant chronic rhinosinusitis of the maxillary sinus to 
achieve improvement of quality of life and reduction of symptoms. This discussion is in 
contrast with chronic frontal sinusitis, where radical surgery according to Draf (Draf III 
procedure) already has been accepted as an effective last therapeutic option to improve 
frontal drainage and relieve disabling frontal headache.69,70 There is little literature on the 
impact on quality of life of Draf III procedure. Schulze et al.71 reported improved symptoms 
and decreased medication requirements in the majority of patients. Recently, there has 
been a trend in research on chronic rhinosinusitis, to fill in the gaps between all the 
objective assessments of CRS with subjective outcome measures like general quality of 
life measures and disease specific questionnaires. 
 
 
WHAT IS THE VALUE OF THE FOUND DATA? 
 
Now it is time to look back 
In this thesis we attempted to answer some questions on recalcitrant CRS. The answers 
originated from the data gathered and analysed in different projects. In this final chapter we 
have tried to put our findings in perspective with recent literature. But there seems to be 
more. What were important hurdles on the way to reach our data? What is the value of the 
found results and formulated conclusions? Here we reflect on a number of these questions 
and describe some problems we faced along the way.   
 
We experienced that the enrolment of adequate numbers of suitable CRS patients in the 
projects, was a returning challenge. Although patients from all over the Netherlands 
suffering from recalcitrant CRS, are referred to the Academic Medical Centre Amsterdam, 
distilling representative groups of patients, suitable to enrol into trials, appeared extremely 
hard. Common argumentation of patients was the fact that they did not want to risk a 
placebo treatment. Some of them told us that they liked the current treatment and did not 
want to change. Others addressed to the remark that they disliked the idea of 
randomization. These conceptions were hard to adjust. Moreover it is difficult to envision 
whether the patients that do agree to participate in a trial are a random selection of the 
patients we see in clinical practice. When setting up a trial, the formulation of inclusion and 
exclusion criteria always is one of the first things that have to be done, in order to create a 
homogeneous study population. But is a studied group based on these criteria 
representative for the general population faced at the outpatient clinic,72 or do we study a 
particular subpopulation? Can we translate conclusions made on the results of clinical 
trials, directly to guidelines and treatment strategies? In some papers on this topic it has 
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been stated that the elderly subpopulation for example, has been chronically 
underrepresented in research on cancer.73-75 When realizing this, it is not difficult to foresee 
the possibility that, in the ageing population of the western world, the comparability of study 
samples with the general population might decrease in time. Another example of a factor 
facing similar problems is concomitant disease. In many projects, including ours, some 
concomitant diseases are out-filtered by exclusion criteria, which is impossible at the 
outpatient clinic population. Of course there are more, mostly vulnerable, subgroups and 
minorities less studied. A number of papers have recently pointed to the problems of 
nonrepresentative patients (and settings) in trials.72,76-79  To conclude, every clinical trial 
represents a compromise between a homogeneous, clearly defined study sample and a 
heterogeneous group representing the overall population with the respective disease. This 
let us to conclude that RCT’s but not perse double-blind placebo-controlled RCT’s should 
be done, to allow a larger number of patients to be evaluated. Careful evaluation of 
responders and nonresponders in these groups hopefully will lead us to better 
understanding of subpopulations that can be treated effectively.   
 
A problem with a totally different background was the problem to raise funds for CRS 
research. It appeared a great challenge, and in most cases impossible, to raise funding to 
perform research. This became clear during the set up and performance of the MACS trial. 
Although randomized medication was kindly provided by the inventors of the used 
antibiotic, no other support could be found for this only second ever RCT on the efficacy of 
macrolides in the treatment of CRS. The MACS trial was eventually performed by a group 
of European rhinologists who combined forces and took up the gauntlet. We could say that 
it seems that research on recalcitrant CRS is neglected and sent of to the background 
when funds are available and divided. This contrasts the (rising) incidence of CRS of 10% 
in Europe, the demonstrated severe symptom burden and back force on quality of life, and 
the substantial health care expenditure of around 68 million euros in the Netherlands 
alone.   
 
The section on medical treatment in CRS demonstrates negative results in the MACS trial, 
as well as in the pilot-cross over study on the efficacy of nebulized bacitracin/colimycin. It 
has been suggested that clinical trials with negative results are less likely to be published, 
and if they do take twice as long,80-82 which in some cases was experienced first hand 
when submitting articles to scientific journals. Positive results, above all when supported by 
the pharmaceutical industry, do better when publishing is concerned. This could be 
considered as a great source of bias in scientific literature in general.  
 
It is not intended here to present a complete list of comments on research versus clinical 
practice. Both fields need each other. Many clinicians base their treatment choices relying 
on trial outcomes to formulate clinical decisions regarding individual patients. In this clinical 
decision-making process, evidence-based medicine may play a significant role by 
collecting and evaluating the best available evidence. Randomized controlled trials, and 
meta-analyses of RCT’s, are considered to provide evidence of the highest grade. In some 
cases it could be wise to combine the results of a RCT with a post-RCT observational 
study to compensate for the hiates of the RCT before newly developed treatment regimes 
are implemented in widely used advises. For now, there seem to be enough hypothesis-
generating studies, both clinical and basic. The time has come for adequately powered 
blinded randomized trials in the treatment of CRS. Future research will focus on better 
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classification of chronic rhinosinusitis and tailoring therapy according to different cellular 
inflammatory characteristics. Commonly used medications need to be studied in 
randomized controlled trials to determine their place in current therapy. At least one more 
randomized controlled trial on macrolide therapy is highly desirable. 
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SUMMARY 
 
 
Chapter 1 
 
In the introduction possible functions of the paranasal sinuses, normal sinus anatomy, 
pathophysiology, CRS disease definition and treatment options are described. The 
definition of CRS includes the presence of the following symptoms: nasal blockage or 
nasal discharge, combined with facial pain and/or loss of smell for more than 12 weeks. 
Endoscopic signs and/or CT scan changes complete the definition. CRS treatment is 
summarized including treatment with intensive nasal saline irrigation, local corticosteroids, 
and systemic corticosteroid courses when nasal polyps are predominant. In acute 
exacerbations of CRS short courses of antibiotics are used. In recalcitrant cases long-term 
low-dose treatment with antibiotics are prescribed more frequently. When medical 
treatment is not sufficient, endoscopic sinus surgery is performed to reestablish ventilation 
and drainage through natural sinus ostia under direct vision. The term recalcitrant CRS is 
used when conventional treatment is not sufficient, even after repetitive sinus surgery. 
Relevant background of recalcitrant CRS is described. At the end of this chapter the main 
aims of this thesis are formulated, enclosing the evaluation of fever as a CRS symptom, 
the role of osteitis in recalcitrant CRS, the evaluation of long-term low-dose antibiotics as a 
treatment option as well as local treatment with nebulized antibiotics. In the last part of this 
thesis radical surgery is assessed as a last resort in a selected group of CRS patients. 
 
 
Chapter 2 
 
2.1 
This chapter reports on a difference in two leading CRS definitions: fever. Patients with 
CRS, scheduled for surgery were compared with a control group consisting of patients 
without CRS, suffering from esthetic complaints or obstruction of the nose. Temperature 
prior to surgery was measured and analysed. In the CRS group the mean temperature was 
36.94°C, with a maximum of 37.8°C. The control group revealed a mean temperature of 
36.87°C. Analysis demonstrated no significant difference between the mean temperatures 
of the CRS patients and the controls. Additional analysis, correcting for possible 
confounders, did not reveal significant differences between both groups either. There have 
been several attempts to define CRS in the past, but an all including definition or 
classification system for this disorder does not currently exist. Fever is a factor under 
discussion. The presented results suggest that fever is not a relevant symptom in CRS. 
 
2.2 
The second part of chapter 2 reports on the increasing interest in the underlying bone of 
the paranasal sinuses as an important player in recalcitrant Chronic Rhinosinusitis. Close 
inspection of CT scans often reveals areas of increased bone density and irregular 
thickening of the sinus walls. This osteitic bone could at least partly explain, why 
inflammation of the mucosa persists. We searched PubMed for all relevant studies and 
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reviewed the literature. Background, available data, potential diagnostic options, treatment 
implications, and suggestions for future research are discussed. Osteitis is associated with 
CRS, however its role in the pathogenic process is not well defined. More research is 
needed. 
 
2.3 
In the last part of the second chapter our group evaluated the incidence and severity of 
osteitis in patients with chronic rhinosinusitis using a newly developed and validated Global 
Osteitis Scoring Scale. We investigated prospectively 102 patients undergoing a computed 
tomography (CT) sinuses as part of their evaluation for chronic rhinosinusitis and an age- 
and gendermatched control group of 68 non-rhinosinusitis patients. Seventy-eight of the 
chronic rhinosinusitis patients completed the nasal subset of the RhinoSinusitis Outcome 
Measure (RSOM-31) and visual analogue scales. Their CT scans were assessed for 
osteitis using a newly developed Global Osteitis Scoring Scale. A subsample of 35 scans 
was additionally scored by a second otorhinolaryngologist and a radiologist. The interrater 
variability of Global Osteitis Scoring Scale was low. Forty per cent of the chronic 
rhinosinusitis group and none of the control group had evidence of clinically significant 
osteitis. In the chronic rhinosinusitis group, the severity of osteitis was correlated with 
Lund–Mackay score, duration of symptoms and previous surgery, rising in incidence with 
increasing number of previous operations. There was no association between osteitis and 
age, gender, smoking, co-existing asthma, allergy or Samter’s triad. Additionally, there was 
no correlation between osteitis and symptom burden including headache, facial pain and 
nasal subset score of the RhinoSinusitis Outcome Measure. In patients with recalcitrant 
chronic rhinosinusitis who have undergone multiple surgeries in the past, the incidence of 
osteitis can be as high as 64%. It does not seem to be associated with more troublesome 
symptoms; however, it is strongly associated with previous sinus surgery, which may be a 
manifestation of a shared endpoint (underlying recalcitrant disease). 
 
 
Chapter 3 
 
3.1 
In the first part of chapter 3 we analysed the outpatient clinic population treated with 
different long-term low-dose antibiotics at the tertiary referral centre AMC Amsterdam. 
Eligible patients, who were treated with trimethoprim-sulfamethoxazole or macrolides, were 
retrospectively identified from the outpatient clinic of the department of otorhinolaryngology 
in 2009. The 2 main outcome measures were: sinonasal complaints and nasal endoscopic 
findings. A 5-point grading scale was used to score the results compared with the pre-
treatment situation: worse (-1); no change (0); moderate improvement (1); good 
improvement (2); cured (3). This was measured at several time-points during, and after the 
antibiotic course, and at the end of the follow-up term. Seventy-six patients with a median 
age of 49 years were included, 53 per cent had asthma and all of them had undergone 
sinus surgery. Seventy-eight per cent showed improvement of the symptoms, and 84 per 
cent demonstrated improvement of the sinonasal mucosa at the end of the course. No 
significant difference was found between the trimethoprim-sulfamethoxazole and macrolide 
group. In this investigation long-term low-dose treatment with antibiotics seems to improve 
CRS symptoms and the appearance of the sinonasal mucosa on nasal endoscopy. 
However, at this stage, strong conclusions are immature because no placebo-group has 
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been included. Despite increasing use of long-term low-dose treatment of recalcitrant CRS 
in referral centres, hard scientific evidence is lacking. More research is urgently required.   
 
3.2 
The MACS study is a Randomized Controlled Trial evaluating the efficacy of azithromycin 
(AZM) in CRS. Patients were treated with AZM or placebo. AZM was given for 3 days at 
500 mg during the first week, followed by 500 mg per week for the next 11 weeks.  
Patients were monitored until 3 months post-therapy. The assessments included Sino-
Nasal Outcome Test-22 (SNOT-22), a Patient Response Rating Scale, Visual Analogue 
Scale (VAS), Short Form-36 (SF-36), rigid nasal endoscopy, Peak Nasal Inspiratory Flow 
(PNIF), Sniffin’ Sticks smell tests, and endoscopically guided middle meatus cultures. Sixty 
patients with a median age of 49 years were included. Fifty per cent had asthma and 58% 
had undergone revision sinus surgery. In the SNOT-22, Patient Response Rating Scale, 
VAS scores and SF-36, no significant difference between the AZM and the placebo group 
was demonstrated. Nasal endoscopic findings, PNIF results, smell tests, and microbiology, 
showed no relevant significant differences between the groups either. At the investigated 
dose of AZM over 3 months no significant benefit was found over placebo. Possible 
reasons could be disease severity in the investigated group, under-dosage of AZM, under-
powering of the study, the length of the treatment period and the particular macrolide used. 
More research is required.  
 
3.3 
In the last part of chapter 3 we report on the results of a pilot study in order to determine 
whether nebulized topical antibiotic therapy improves sinusitis symptoms more than saline-
based placebo in patients with recalcitrant chronic rhinosinusitis. A randomized, placebo-
controlled, double-blind, cross-over pilot study was conducted in 14 patients with 
recalcitrant CRS. Nasal irrigation with bacitracin/colimycin or placebo using the RhinoFlow 
nebulizer twice daily was administered in combination with oral levofloxacin. Severity of a 
diversity of symptoms was measured using the VAS score, a Disease-Specific Symptom 
Score and the SF-36 questionnaire. Nasal endoscopic findings were also assessed. For 
most VAS items and Disease-Specific Symptom Scores, a reduction in severity of 
symptoms was noted in both the bacitracin/colimycin and the placebo group. No significant 
difference was found between the 2 arms (bacitracin/colimycin or placebo). Most SF-36 
items improved, compared with the situation before treatment in both groups. However no 
significant difference was found between the verum and placebo arm. Endoscopic findings 
did not reveal significant differences when comparing the 2 treatments. The outcome of 
this study suggests a beneficial effect of nebulizing the nose with saline. This study again 
shows that adding antibiotics to local saline is not effective. Although the placebo-
controlled studies looking at the effect of local antibiotics are all small they point in the 
same direction: no effect. Definite conclusions however need a large randomized, 
multicenter study. 
 
 
Chapter 4 
 
4.1 
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 
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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. 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. 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. Radical surgery may be a viable treatment option in case of 
recurrent ESS failure. 
 
4.2 
Despite effective medical therapy and repetitive endoscopic sinus surgery in the treatment 
of chronic rhinosinusitis, there still remains a small group of patients without improvement 
of symptoms. This study evaluates the effect of radical surgery on quality of life and pain in 
these patients with recalcitrant disease. A prospective, questionnaire-based study was 
conducted in 23 patients who underwent Denker’s procedure for refractory chronic 
rhinosinusitis. Quality of life and pain were evaluated before surgery and 12 months and 2 
years after surgery with the SF-36 and McGill Pain Questionnaire. Seven of the eight mean 
scores of the SF-36 postoperatively improved after surgery, with statistical significance for 
Role Physical (p=0.048). Bodily pain showed a strong tendency to significance. Results of 
the McGill Pain Questionnaire show a significant improvement in most of the subscores 
after surgery implying less pain. Radical surgery improves the physical burden of chronic 
rhinosinusitis and pain experience in patients with therapy resistant chronic rhinosinusitis. 
 
 
Chapter 5 
 
In the final chapter the results of this thesis in general are thoroughly discussed and put 
into perspective with literature. 
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Hoofdstuk 1 
 
In de introductie worden mogelijke functies van de bijholten, normale bijholte-anatomie, 
pathofysiologie, definitie van chronische rhinosinusitis en mogelijke behandelopties 
beschreven. De definitie van chronische rhinosinusitis omvat de aanwezigheid van de 
volgende symptomen: blokkade van de neus of nasale uitvloed, gecombineerd met 
aangezichtspijn en/of reukverlies gedurende meer dan 12 weken. Endoscopische 
afwijkingen en/of veranderingen op de CT-scan maken de definitie compleet. De 
behandeling van chronische rhinosinusitis wordt vervolgens samengevat welke bestaat uit: 
intensief spoelen met zoutoplossing en locale en systemische corticosteroïden met name 
wanneer poliepen aanwezig zijn. In acute verergering van chronische rhinosinusitis 
klachten, worden korte kuren antibiotica voorgeschreven. In hardnekkige gevallen worden 
steeds frequenter langdurige laag gedoseerde antibiotica gegeven. Als medicamenteuze 
behandeling niet afdoende is wordt endoscopische bijholtechirurgie verricht om de 
ventilatie en drainage door de natuurlijke ostia te herstellen. De term recalcitrante 
chronische rhinosinusitis wordt gebruikt wanneer deze conventionele behandelingen niet 
voldoen, zelfs niet na herhaalde operaties aan de bijholten. Relevante achtergronden van 
recalcitrante chronische rhinosinusitis worden beschreven. Aan het einde van het 
hoofdstuk worden de hoofdthema’s van dit proefschrift genoemd, namelijk de evaluatie van 
koorts en de rol van osteitis in hardnekkige chronische rhinosinusitis, de evaluatie van de 
behandeling met langdurige laag gedoseerde antibiotica en de behandeling met locale 
toediening van antibiotica. In het vierde hoofdstuk van dit proefschrift wordt radicale 
chirurgie geëvalueerd als een laatste mogelijke behandeloptie in een geselecteerde groep 
van patiënten met chronische rhinosinusitis. 
 
 
Hoofdstuk 2 
 
2.1 
Dit hoofdstuk rapporteert over een verschil tussen 2 belangrijke chronische rhinosinusitis 
definities met de vraag: is koorts een symptoom van chronische rhinosinusitis? Patiënten 
met chronische rhinosinusitis, gepland voor bijholtechirurgie werden vergeleken met een 
controle groep bestaande uit patiënten zonder rhinosinusitis die werden geopereerd in 
verband met esthetische of functionele klachten van de neus. De temperatuur preoperatief 
werd gemeten en geanalyseerd. In de chronische rhinosinusitis groep was de temperatuur 
36.94°C, met een maximum van 37.8°C. De controle groep toonde een gemiddelde 
temperatuur van 36.87°C. Analyse toonde geen significante verschillen tussen de beide 
populaties aan. Aanvullende berekeningen, corrigerend voor mogelijke verstorende 
factoren, brachten ook geen significante verschillen tussen de groepen aan het licht. In het 
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verleden zijn er enkele pogingen gedaan on chronische rhinosinusitis te definiëren, maar 
één alles omvattende definitie of classificatie systeem voor deze aandoening bestaat tot op 
heden niet. Koorts is een factor die ter discussie staat. Onze gegevens tonen aan dat 
koorts geen belangrijk symptoom is van chronische rhinosinusitis. 
 
2.2 
Het tweede deel van hoofdstuk 2, beschrijft de huidige, grote belangstelling voor het 
onderliggende bot van de bijholten als een belangrijke speler in recalcitrante chronische 
rhinosinusitis. Nauwkeurige bestudering van CT-scans laat regelmatig gebieden zien van 
verhoogde bot dichtheid en onregelmatige verdikking van de sinus wand. Dit reactieve bot 
zou ten minste een deelverklaring kunnen zijn voor het feit dat de mucosa ontstoken blijft. 
We zochten relevante artikelen in PubMed op en bespraken de gegevens uit deze 
literatuur. Achtergronden, potentiële diagnostische opties, gevolgen voor behandeling en 
suggesties voor toekomstig onderzoek werden besproken. Osteitis is een factor in 
chronische rhinosinusitis, maar de rol in de pathogenese in nog niet duidelijk. Meer 
onderzoek is nodig. 
 
2.3 
In het laatste deel van hoofdstuk 2, rapporteert onze groep over de incidentie van osteitis 
in patiënten met chronische rhinosinusitis met behulp van de nieuw ontwikkelde en 
gevalideerde Global Osteitis Scoring Scale. We onderzochten prospectief 102 patiënten 
die een CT bijholten ondergingen als onderdeel van de evaluatie van chronische 
rhinosinusitis samen met een controle groep van 68 patiënten zonder chronische 
rhinosinusitis, vergelijkbaar in leeftijd en geslacht. Achtenzeventig van de rhinosinusitis 
groep vulde de Rhinosinusitis Outcome Measure (RSOM-31) en VAS score lijst in. De CT- 
scans werden beoordeeld op osteitis, gebruik makend van de nieuw ontwikkelde Global 
Osteitis Scoring Scale. Een subgroep van 35 scans werd bovendien nogmaals gescoord 
door een tweede KNO-arts en een radioloog. Veertig procent van de groep met chronische 
rhinosinusitis en niemand van de controle groep had aanwijzingen van significante osteitis. 
In de groep met chronische rhinosinusitis, correleerde de ernst van de osteitis met de 
Lund-Mackay score, de duur van de symptomen en het aantal eerdere chirurgische 
ingrepen. Er werd geen associatie gevonden tussen osteitis en leeftijd, geslacht, astma, 
allergie of ASA trias. Bovendien was er geen correlatie tussen osteitis en de ernst van de 
symptomen zoals hoofdpijn, aangezichtspijn en de score van de Rhinosinusitis Outcome 
Measure. Bij patiënten met recalcitrante chronische rhinosinusitis die meerdere bijholten 
operaties in het verleden hebben ondergaan kan de incidentie van osteitis oplopen tot 
64%. Osteitis op de CT-scan lijkt niet gerelateerd te zijn met de ernst van de symptomen; 
echter de score is wel sterk geassocieerd met eerdere bijholtechirurgie, hetgeen zou 
kunnen duiden op een gemeenschappelijk eindpunt (onderliggende recalcitrante ziekte). 
 
 
Hoofdstuk 3 
 
3.1 
In het eerste deel van hoofdstuk 3 hebben we patiënten met chronische rhinosinusitis 
geanalyseerd die waren behandeld met langdurige laag gedoseerde antibiotica. Geschikte 
patiënten behandeld met trimethoprim-sulfamethoxazol of macroliden, werden 
retrospectief geïdentificeerd op de polikliniek KNO van het AMC in Amsterdam in 2009. De 
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2 belangrijkste uitkomstmaten waren: de klachten van chronische rhinosinusitis en de 
bevindingen tijdens nasendoscopie. Een 5-punts schaal werd gebruikt om te scoren en te 
vergelijken met de situatie voor de behandeling: slechter (-1); geen verandering (0); enige 
verbetering (1); duidelijke verbetering (2); genezen (3). Deze schaal werd op verschillende 
tijdstippen gedurende en na de behandeling afgenomen, alsmede aan het einde van de 
behandeling en follow-up. Zesenzeventig patiënten met een mediane leeftijd van 49 jaar 
werden geïncludeerd, 53% had astma en ze hadden allemaal al eerder operaties aan de 
bijholten ondergaan. Achtenzeventig procent van de patiënten vertoonde verbetering en bij 
84% werd een verbetering van het neusslijmvlies gevonden aan het einde van de 
behandeling. Er werd geen significant verschil tussen de trimethoprim-sulfamethoxazol en 
macrolide antibiotica gevonden. In deze onderzochte groep lijkt langdurige laag 
gedoseerde behandeling met antibiotica de klachten van chronische rhinosinusitis en de 
conditie van het neusslijmvlies gezien tijdens nasendoscopie te verbeteren. Een hardere 
conclusie is op dit moment echter nog prematuur vanwege het ontbreken van een placebo 
groep. Ondanks het toenemend gebruik van langdurige laag gedoseerde antibiotica in de 
behandeling van chronisch rhinosinusitis in tertiaire verwijscentra, ontbreekt hard bewijs in 
de literatuur. Er is dringend behoefte aan meer onderzoek.  
 
3.2 
De MACS studie is een gerandomiseerde, placebo gecontroleerde studie naar de 
effectiviteit van azithromycine (AZM) in chronische rhinosinusitis. Patiënten werden 
behandeld met AZM of placebo. AZM werd gegeven in een dosering van 500 mg 
gedurende 3 dagen in de eerste week, gevolgd door 500 mg eenmaal per week gedurende 
11 weken. Patiënten werden gevolgd tot 3 maanden na de behandeling. De uitkomstmaten 
waren de Sino-Nasal Outcome Test-22 (SNOT-22), een Patiënt Effect Score, de Visual 
Analogue Scale (VAS), Short Form-36 (SF-36), starre nasendoscopie, Peak Nasal 
Inspiratory Flow (PNIF), Sniffin’ Sticks reuk test, en kweken van de middelste neusgang. 
Zestig patiënten met een mediane leeftijd van 49 jaar werden geïncludeerd. Vijftig 
patiënten hadden astma en 58% had al bijholtechirurgie ondergaan. In de SNOT-22, de 
Patiënt Effect Score, VAS scores en SF-36 vragenlijst, werd geen significant verschil 
tussen de AZM en de placebo groep aangetoond. De endoscopie bevindingen, de PNIF 
resultaten, de reuktest en de microbiologische gegevens toonden ook geen relevante 
significante verschillen aan tussen beide groepen. In de onderzochte dosering gedurende 
3 maanden werd geen significant beter resultaat van AZM gevonden ten opzichte van 
placebo. Mogelijke verklaringen zouden kunnen zijn: de ernst van de aandoening in deze 
groep patiënten, onderdosering van AZM, te kleine studie groep, de duur van de 
behandelperiode en het gebruikte antibioticum. Meer onderzoek is noodzakelijk. 
 
3.3 
In het laatste deel van hoofdstuk 3 beschrijven we de resultaten van een pilot studie met 
als vraag of vernevelen met antibiotica in de neus van patiënten met chronische 
rhinosinusitis de symptomen beter reduceert dan placebo. Een gerandomiseerde, placebo 
gecontroleerde, dubbelblinde cross-over, pilot studie werd verricht bij 14 patiënten met 
chronische rhinosinusitis. Nasale verneveling met bacitracine/colimycine of placebo, met 
behulp van de RhinoFlow nebulizer tweemaal daags in combinatie met orale levofloxacine, 
werd geëvalueerd. De ernst van diverse symptomen werd gemeten met behulp van VAS 
scores, een ziekte specifieke vragenlijst en de SF-36 vragenlijst. Nasendoscopische 
bevindingen werden ook onderzocht. De meeste VAS items en ziekte specifieke scores 
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lieten een vermindering in ernst van de symptomen zien in beide groepen. Tussen de 
behandel-armen onderling werd geen significant verschil gevonden. De meeste SF-36 
onderdelen verbeterden, in vergelijking met de situatie voor de behandeling in beide 
groepen, maar ook hier werd geen significant verschil tussen de verum en placebo arm 
aangetoond. De endoscopische data lieten ook geen significante verschillen tussen beide 
groepen zien. De uitkomst van deze studie laat een gunstig effect zien van het vernevelen 
van zoutoplossing in de neus, maar toevoegen van antibiotica resulteert niet in een extra 
effect. Hoewel placebo-gecontroleerde studies naar het effect van locale behandeling met 
antibiotica klein zijn, wijzen ze allemaal in dezelfde richting: geen effect. Voor meer 
definitieve conclusies getrokken kunnen worden zijn grotere, gerandomiseerde, multi-
centre studies nodig. 
 
 
Hoofdstuk 4 
 
4.1 
Endoscopische bijholtechirurgie wordt beschouwd als de gouden standaard in de 
chirurgische behandeling van patiënten met chronische rhinosinusitis en nasale poliepen. 
Een kleine groep patiënten echter reageert niet, ondanks herhaalde ingrepen. Radicale 
chirurgie met als doel het reduceren van de ontstekingslast en het optimaliseren van de 
drainage en beluchting van de bijholten, wordt genoemd als een laatste stap in het 
behandelproces voor deze patiënten. Een prospectieve studie met behulp van 
vragenlijsten is verricht in een groep van 23 patiënten die radicale chirurgie van de 
bijholten volgens Denker ondergingen voor chronische rhinosinusitis. Symptomen werden 
geëvalueerd voor de operatie en 12 en 24 maanden postoperatief. Patiënten meldden 
verbetering van het volle gevoel in het hoofd in 74%, van nasale uitvloed van snot uit de 
neus in 70% en van obstructie van de neus in 60% van de gevallen. De volgende 
postoperatieve verbeteringen bleken statistisch significant: nasale uitvloed (p=0,001), vol 
gevoel (p=0,02) en nasale obstructie (p=0,03). Verminderde reuk en klachten van astma 
verbeterden niet. Radicale bijholte chirurgie lijkt een adequate behandel optie te zijn bij 
patiënten met herhaald falen van endoscopische operaties van de bijholten. 
 
4.2 
Ondanks optimale medicamenteuze therapie en herhaalde bijholtechirurgie in de 
behandeling van chronisch rhinosinusitis, is er toch een kleine groep patiënten zonder 
verbetering van de symptomen. Deze studie evalueert het effect van radicale chirurgie van 
de bijholten op de kwaliteit van leven en pijn bij patiënten met deze hardnekkige ziekte. 
Een prospectieve studie met behulp van vragenlijsten is verricht bij 23 patiënten die een 
Denker operatie ondergingen voor recalcitrante chronische rhinosinusitis. Kwaliteit van 
leven en pijn werden geëvalueerd voor de operatie en 12 en 24 maanden postoperatief 
met behulp van de SF-36 en de McGill Pain Questionnaire. Zeven van de acht scores van 
de SF-36 vragenlijst, verbeterden postoperatief, met statistische significantie voor Role 
Physical (p=0,048). Bodily pain was bijna significant. De resultaten van de McGill Pain 
Questionnaire toonden een significante verbetering in het merendeel van de subscores na 
de operatie, hetgeen vermindering van pijn betekent. Radicale chirurgie van de bijholten 
verbetert de fysieke last van chronische rhinosinusitis en pijnbeleving van patiënten met 
hardnekkige chronische rhinosinusitis.  
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Hoofdstuk 5 
 
In het laatste hoofdstuk worden de resultaten van dit proefschrift besproken en in 
perspectief geplaatst met de huidige literatuur.  
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ABBREVIATIONS 
 
 
ALP  alkaline phosphatase 
ASA  acetyl salicylic acid 
AUC  area under the curve 
AZM  azithromycin 
BMP  bone morphogenetic protein 
BP  bodily pain 
COPD  chronic obstructive pulmonary disease 
CRS  chronic rhinosinusitis 
CT   computed tomography 
ECP  eosinophil cationic protein 
EPOS  european position paper on rhinosinusitis and nasal polyps 
EPS  extracellular polymetric substance 
Eudract  european clinical trials database 
(F)ESS  (functional) endoscopic sinus surgery 
FGF  fibroblast growth factor 
GH  general health 
GM-CSF granulocyte macrophage colony stimulating factor 
GOSS  global osteitis scoring scale 
ICAM  intercellular adhesion molecule  
IgE  immunoglobulin E 
IL  interleukine 
INF  interferon  
LM score lund-Mackay score 
LPS  lipopolysaccharide  
MAC  macrolides 
MACS  macrolides in chronic rhinosinusitis 
MCP  monocyte chemotactic protein 
M-CSF  macrophage colony-stimulating factor 
MH  mental health 
MIC  minimal inhibiting concentration  
MPO  myeloperoxidase 
MPQ  mc gill pain questionnaire 
NP  nasal polyposis 
MRI  magnetic resonance imaging 
NSAID  non-steroidal anti-inflammatory drug 
NWC  number of words chosen 
OPG  osteoprotegerin  
PF  physical functioning 
PGE  prostaglandin-E 
PNIF  peak nasal inspiratory flow 
PTH  parathyroid hormone 
QoL  quality of life 
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RANKL  receptor activator of nuclear factor (NF)-κB ligand 
RCT  randomized controlled trial 
RE  role emotional 
RP  role physical 
RSOM  rhinosinusitis outcome measure  
SF  social functioning 
SF-36  medical outcomes study short form 36 
SNOT-22 sinonasal outcome test 22 
SPECT  single photon emission computed tomography  
SPSS  statistical product and service solutions 
TGF  transforming growth factor 
Th  T helper cell 
TNF  tumor necrosis factor 
TSM  trimethoprim-sulfamethoxazole 
VAS  visual analogue scale 
VT   vitality 
99m Tc MDP 99mTechnetium -Methylene diphosphonate 
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Velen hebben mij bijgestaan op de meest uiteenlopende manieren bij het tot stand komen 
van dit proefschrift. Een ding is mij duidelijk geworden, promoveren doe je en kan je niet 
alleen. Een aantal personen wil ik in het bijzonder noemen. 
 
Beste Wytske, het is gelukt. Zonder jou geen boekje, dat is zeker. Het was in alle 
opzichten een intense en buitengewoon leerzame tijd voor mij. Dank voor de uitdaging en 
je geloof dat het af zou komen.  
 
Veel dank aan de promotiecommissie voor het doorlezen en goedkeuren van het 
uiteindelijke proefschrift. Ik ben buitengewoon vereerd dat jullie bereid zijn om zitting te 
nemen in mijn promotiecommissie.  
 
Veel medeauteurs hebben uiteraard meegeholpen aan dit proefschrift. Allemaal erg 
bedankt. In het bijzonder Nan van Geloven die mij meer dan eens de weg wees in het 
labyrint der statistiek. 
 
Veel bijzondere dank aan alle arts-assistenten KNO in het AMC van 2003-2009 waar ik 
mee mocht samenwerken. Samen sta je sterk! Naast zorg leveren voor de patiënt, heb ik 
met sommigen in de avonduren en weekenden dit boekje telkens weer een stukje 
dichterbij gebracht. Dank voor de collegialiteit en de in alle opzichten onvergetelijke tijd. Tik 
‘m aan! 
 
Iedereen die ooit een status of een artikel voor één van mijn onderzoekjes heeft 
opgezocht: enorm bedankt. Zonder jullie hulp zou ik nu pas op de helft zijn. 
 
Beste Christa en Lot. Op een moeilijk punt in het begin waren jullie er voor me. Dat ben ik 
niet vergeten. Nadat jullie hadden meegelezen met mijn eerste stuk ging het goed. Veel 
dank. 
 
Beste Joost. Wij hebben kamertje Uno, uniek gemaakt. Samen plaatjes draaien, lungootjes 
drinken en Tour de France kijken. Maar ook serieus discussiëren over de zaken die ons 
bezig hielden. Ik waardeer je mening enorm, want vaak leg jij de vinger op de zekere plek.  
 
Beste Guido, beste Bas. Waanzinnig vereerd ben ik dat jullie mijn paranimfen willen zijn. 
Beste Guido, we ontmoetten elkaar tijdens het wadlopen en sindsdien hebben we heel wat 
meegemaakt. Dank voor je vriendschap, de relaxte steun, je humor, het zeilen en het 
sparren dat we deden. Beste Bas, je energie en grappenmakerij hebben me zeer vaak 
opgevrolijkt. Tja en hoe dat gat in het plafond nu is ontstaan tijdens het voetballen op de 
gang, zal wel altijd een mysterie blijven  Heren, wanneer gaan we weer eens duiken?   
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Veel dank aan mijn vrienden voor alle afleiding de afgelopen jaren tijdens goede 
gesprekken, etentjes, feestjes, koehandelavonden, skivakanties, fietstochten en 
squashbattles. Jullie support was onmisbaar! 
 
Beste Marleen, Julie, Jan-Willem, Markus, Jasper en Brechtje, veel dank voor de interesse 
en de ruimte die ik van jullie kreeg om dit boekje af te ronden. 
 
Lieve Maud en Jeroen, lieve Maartje en Rob. Dank voor jullie steun, interesse en nooit 
aflatende begrip. Kom maar op met die verjaardagen en feestjes.  
 
Lieve Boris, Luuk en Bram. Dankzij jullie kan ik af en toe ontsnappen naar een bijzonder 
vrolijke wereld. Jullie zijn mijn super neefjes waar ik beretrots op ben. Laten we veel gaan 
voetballen en tennissen, maar kijk uit voor de “zitstraf”.  
 
Lieve Jos en José, lieve pa en ma. Het boekje is af. Voor iemand met vermeende 
dyslectische trekjes best een hele klus. Jullie hebben me geleerd altijd goed je best te 
doen en hard te werken, maar belangrijker nog om je dromen na te streven en te genieten 
van het mooie leven. Dank voor jullie onvoorwaardelijk steun. Hopelijk heb ik nu meer tijd 
om jullie lastig te vallen. Ik kan me geen lievere, betere en mooiere ouders wensen. Op 
jullie gezondheid! 
 
Als laatste in de rij, maar eigenlijk de belangrijkste, lieve Chantal. We kennen elkaar nu 
bijna 5 jaar en je bent totaal niet meer weg te denken uit mijn leven. Zonder dat je je er zelf 
misschien bewust van bent, bewees jij meer dan eens, één van de belangrijkste drijvende 
krachten te zijn die mij hebben gestimuleerd om dit boekje tot een goed einde te brengen. 
Je bent erg geduldig met me en geeft me vrijheid en steun waar nodig. En door mij op 
cruciale momenten een spiegel voor te houden, blijf ik bij de les. Lief, de klus is af!  
 
Aan iedereen die ik niet persoonlijk heb genoemd: mijn dank is niet minder groot. 
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