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Introduction and objectives

CHAPTER 1 

Introduction and objectives 

Introduction
Chronic maxillary sinusitis is traditionally defined as an inflammatory process within the 
maxillary sinus resulting in patient complaints lasting more than three months (Melén et 
al., 1986). In many patients diagnosed with chronic sinusitis, the natural ostium of the 
maxillary sinus is decreased in size, or even completely blocked, as a result of mucosal 
swelling or anatomical abnormalities. This decreased size or closure causes several 
changes within the sinus. Ventilation is impaired, creating anaerobic conditions; secretions 
are no longer removed from the sinus; and the ciliary function is impaired, due to the 
changed environmental conditions (Kennedy, 1995). Impaired mucociliary clearance is the 
result. The pooled secretions and changed environmental conditions provide excellent 
circumstances for bacteria to colonize the sinus (Carenfelt and Lundberg, 1978). A variety 
of bacteria, the endogenous flora, cover healthy nasal mucosa (Jousimies-Somer et ah, 
1989). In chronic sinusitis, the bacterial infection appears to be either primary, directly 
caused by an infection with pathogenic bacteria, or secondary, occuring when endogenous 
flora colonizes the sinus following impaired mucociliary clearance.

Traditionally, treatment of long-lasting sinusitis was aimed at relieving pressure on the 
infected sinus by removing the pooled secretions (Tange, 1991). Several methods of 
treatment have been developed on the basis of this concept. These include tooth extraction, 
sinus irrigation, and the creation of endonasal fenestrations in the inferior (Claoué, 1904) 
and the middle meatus (Straatman and Buiter, 1981). Mainly because of the ease of access, 
the inferior meatus has long been the preferred place (and in many ENT clinics still is) to 
create fenestrations in the lateral wall of the maxillary sinus. At the end of the 19th century, 
two otolaryngologists, Caldwell and Luc, independently described a new way to surgically 
remove diseased mucosal tissue from the sinus. That method entailed making a large 
opening in the anterior maxillary sinus wall and simultaneously creating a fenestration in 
the inferior meatus of the lateral nasal wall (Caldwell, 1893; Luc, 1897). During the 20th 
century, it became clear that aeration of the maxillary sinus and adequate mucociliary 
clearance are fundamental processes in the normal physiology of the endonasal sinuses. 
The breakthrough in surgical treatment of maxillary sinus disease came with the 
introduction of endoscopic techniques. Messerklinger (1972) first published a description
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of the pathological processes that lead to chronic sinusitis as observed with the endoscope. 
He found ostial closure or anatomic abnormalities in the osteo-meatal region to cause 
impaired aeration and mucociliary clearance of the maxillary sinus. On the grounds of 
these findings, a new surgical treatment was developed. This new method (functional 
endoscopic sinus surgery, FESS) was aimed at restoring aeration of the sinus by widening 
the natural ostium and removing anatomic abnormalities in the osteometal unit (Kennedy, 
1985). Many reports on success rates of FESS, both in adults and children, have been 
published (e.g. Kennedy et ah, 1987; Levine, 1990; Lazar et ah, 1993; Wald, 1995). 
However, only a few of these are comparative studies (Arnes et ah, 1985; Penttilä, 1994; 
Forsgrenn et ah, 1995). Since the introduction of broad-spectrum antibiotics, a course of 
antibiotics in addition to surgical treatment has become standard treatment for chronic 
maxillary sinusitis in many ENT clinics.

Conservative therapy is not always considered suitable for the treatment of chronic 
sinusitis. Theoretically, sinus irrigation to remove pooled secretions, combined with broad- 
spectrum antibiotics to eradicate remaining bacteria, could be sufficient to cure isolated 
maxillary sinusitis. A few publications describe results of this kind of therapy. According 
to these studies, long-term results are satisfactory in one-third of all patients treated (Ritter 
et ah, 1977; Melén et ah, 1986; Bertrand and Eloy, 1993). Many articles have been written 
about the efficacy of surgical treatment of sinus disease. It is very difficult to compare the 
results of those publications, because the patient populations are not always described in 
the same manner (Fairley, 1991). A direct comparison between conservative therapy and 
FESS in a clearly defined patient population with chronic maxillary sinusitis never has 
been published.

Objectives
The main objective of the research presented in this thesis was to compare the efficacy of 
(repeated) sinus irrigation combined with a broad-spectrum antibiotic to the same 
treatment method followed by FESS, in a clearly defined group of adult patients diagnosed 
with chronic maxillary sinusitis. The secondary objectives were: 1) to describe the 
bacteriology of chronic maxillary sinusitis in the Netherlands at present; 2) to assess the 
susceptibility of bacteria isolated from these patients to antibiotics registered for treatment 
of upper respiratory tract infections; 3) to assess agreement between otolaryngologists and 
radiologists in evaluating sinus X-rays for presence of signs of sinusitis; and 4) to 
investigate pitfalls in multi-center clinical investigations in the Netherlands since the
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introduction of the European guidelines for Good Clinical Practice in 1991.
To meet these objectives, a total of 89 patients were identified in 13 ENT clinics in the 
Netherlands in the period 1992-1994. After informed consent had been obtained, all 
patients were randomly assigned to one of two treatment groups and treated according to a 
protocol. Follow-up was done on all patients for a period of one year. Additional studies 
were performed to meet the secondary objectives.

This thesis presents a review of the literature in chapter 2, focusing on work in the anatomy 
and physiology of the nose and paranasal sinuses that is related to chronic maxillary 
sinusitis and to its treatment and diagnosis. Chapter 3 describes the experiences 
encountered with regard to functioning of medical ethical committees in hospitals in this 
multi-center clinical trial. Chapter 4, 5, 6, and 7 contain results of the clinical 
investigations. Finally, chapter 8 offers a general summary, conclusions, and future 
perspectives for the treatment of chronic maxillary sinusitis.
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Chapter 2

1. Anatomy
The internal nose is divided by the nasal septum into two symmetrical cavities. On both 
sides of the nose, shelf-like structures (turbinates or conchae) extend out of the lateral 
nasal wall into the nasal cavity. These turbinates - the inferior, middle and superior - almost 
reach the nasal septum. They subdivide the nasal cavity into three different passageways: 
the inferior, middle and superior meatus (Figure 1).

The nasolacrimal duct drains in the inferior meatus. The natural ostia of the maxillary 
sinus, the frontal sinus, and anterior ethmoid sinuses all are located in the middle meatus. 
The position of the maxillary ostium, high on the medial wall of the sinus, impedes 
gravitational drainage. The natural ostium of the posterior ethmoid cells lies in the superior 
meatus. All three turbinates develop embryonically, directly from the lateral portion of the 
cartilaginous nasal capsule, between the 8th and 16th week of gestation. Formation of the 
turbinates is the primary process and meatal ingrowth (formation of sinuses) is secondary 
(Bingham et al., 1991). 1 2 3 4 5 6 7 8 9 10

1. Middle turbinate (partly resected)
2. Uncinate process
3. Hiatus semilunaris
4. Ethmoidal bulla
5. Ethmoidal sinus, medial wall
6. Roof of ethmoid
7. Inferior turbinate
8. Sphenoidal sinus
9. Frontal sinus

10. Ostium maxillary sinus

Figure 1.
Lateral nasal wall with turbinates and related anatomic structures
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The maxillary sinus and the ethmoid sinuses are present at birth and expand with age. 
Initially, the maxillary sinus is a small cavity running parallel to the middle turbinate. It 
gradually enlarges to form a quadrilateral space with a volume of approximately 15 ml in 
adults. Children with chronic maxillary sinusitis often (17.5%) have hypoplastic sinuses 
with either a laterally deviated uncinate process or an increased orbital volume (Milczuk et 
al, 1993). Normal sinus development in children might be impaired by inadequate sinus 
ventilation, which predisposes them to chronic sinusitis in childhood or at a later age. Early 
correction of anatomic abnormalities might prevent such hypoplastic development 
(Proctor and Naclerio, 1996).

The ethmoidal sinus is made up of a number of air cells (3 to 15 on each side) separated by 
thin, bony partitions. Each air cell drains through an independent ostium (measuring 1 to 
2 mm in diameter) into the middle meatus. The posterior ethmoid cells are an exception; 
they drain into the superior meatus. The narrow caliber of these draining ostia makes 
obstruction likely if the mucosal lining is even moderately inflamed (Wagenmann and 
Naclerio, 1992).

The ostium of the maxillary sinus is not a simple opening into the middle meatus. Rather, 
it is a tunnel-like structure, generally opening into the uppermost posterior part of the 
ethmoidal infundibulum (hiatus semilunaris) (Stammberger and Kennedy, 1995). The 
anatomy of this ostium varies considerably among individuals. The average diameter of the 
ostium is 2.4 mm (range 0.5 to more than 5 mm), or 4.25 mm2 in cross sectional area, and 
the length can range from 1 mm to 22 mm. There is no difference in diameter and length 
between men and women, nor is there any correlation between ostial size and antral 
volume (Aust and Drettner, 1974 a). Oxygen pressure in the maxillary sinus is optimal for 
ostia with a diameter of 5 mm2 or more. If less, the oxygen pressure decreases 
proportionally, creating an environment enhancing bacterial growth (Aust and Drettner, 
1974 (b); Carenfelt and Lundberg, 1977).

The medial wall of the infundibulum is built up by the ethmoid bulla above and the 
uncinate process below. The lower medial wall is built up by a duplication of the mucosa 
only. This latter part, the maxillary hiatus, is located posteriorly in the middle meatus and 
is a defect in the bony lateral nasal wall. The maxillary hiatus is divided into an anterior 
and posterior fontanel by the ethmoidal process of the inferior concha and the dorso-caudal 
part of the uncinate process (Straatman and Buiter, 1981). The infundibulum opens into the
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middle meatus through the hiatus semilunaris. A pneumatized head of the middle 
turbinate, called a ’’concha bullosa”, can increase the size of the turbinate head, eventually 
filling and blocking the entire middle meatus (Clark et ah, 1989). Also the ethmoidal bulla, 
which lies deep in the middle meatus, can affect surrounding ethmoidal fissures and clefts 
by its varying size and configuration. The bulla expands medially into the conchal sinus 
and can completely fill it (Vleming et al., 1993). The anterior face of the ethmoidal bulla 
is the superior margin of the hiatus semilunaris (Stammberger and Kennedy, 1995). 
Naumann (1965) was the first to describe the middle meatus - anterior ethmoid complex 
as the osteomeatal unit (Figure 2). This name was given in recognition of the importance 
of this functional unit in the pathogenesis of maxillary sinus disease.

Figure 2.
The paranasal sinuses and osteomeatal unit

1. Maxillary sinus
2. Ethmoidal bulla
3. Ethmoidal cells

4. Frontal sinus
5. Uncinate process
6. Middle turbinate

7. Inferior turbinate
8. Nasal septum
9. Osteomeatal unit
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Morphology. The nasal cavity and the paranasal sinuses are covered with pseudo-stratified, 
columnar, ciliated epithelium interspersed with goblet cells (mucous-secreting cells). The 
epithelium is highly vascularized and contains both serous and mucous glands. The serous 
glands produce peptide-rich secretions, while the mucous glands produce watery 
secretions. Often a clear distinction between these two types cannot be made; therefore, the 
term seromucous glands is also used. The nasal epithelium can be divided into two regions: 
olfactory epithelium in the upper part of the nose, and respiratory epithelium in the other 
parts. The epithelium of the sinuses contains few seromucous glands and is thin. The 
number of goblet cells is equal within the nose and the ethmoid, frontal, and sphenoid 
sinuses. However, in the maxillary sinus, the number of goblet cells is about 50% higher. 
The total production of mucus within normal sinuses is small and consists mainly of 
mucus from the goblet cells. Production of mucus by glands is minimal. This is very 
different from conditions during chronic sinusitis, when mucus production is mainly 
derived from newly formed glands (Tos and Mogensen, 1984). The epithelium is covered 
by a mucous blanket. The mucous is composed of two layers: an outer layer, referred to as 
the gel layer, with a high viscosity; and an inner layer, the sol layer, which is thin and 
watery. Cilia reach into the gel layer. In all sinuses, mucous is moved by the cilia towards 
the natural ostia (Satir, 1974). Due to the anatomy of the maxillary sinus, this movement 
goes against gravity. The direction is innate and remains unchanged, even after surgery 
(Kennedy and Shaalan, 1989; Yoshitsugu et al.,1994). The process whereby mucus is 
produced and moved towards the nasopharynx is referred to as mucociliary clearance.

2. Physiology
The nose is part of the respiratory tract and serves two basic physiologic functions, both 
related to airflow. The first is the sense of smell. The second is air conditioning.

The sense of smell is a neurologic process. Sensory hairs of neurons extending above the 
surface of the olfactory epithelium in the upper part of the nose can detect olfactory stimuli 
in the mucous blanket. These sensory hairs are cilia-like structures that magnify the 
surface area of the cells. The axons of the olfactory cells bundle and pass through the 
cribriform plate to form the olfactory nerves. For the sense of smell, it is essential that air 
flow can reach the olfactory epithelium and that the mucous blanket is constantly replaced. 
Nasal congestion often results in the loss of smell (anosmia), whereby air flow can no 
longer reach the olfactory epithelium. Anosmia also can be the result of a neurological 
disorder.
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Air conditioning consists of temperature control, humidity control, and filtration of 
particles out of inhaled air. Air flow in the nose is mainly through the middle meatus, to a 
lesser extent through the lower and upper meatus. Experimentally it was found that when 
10 units of air pass through the upper meatus, 20 units pass through the lower meatus at the 
same time and 80 through the middle meatus (Ulyanov, 1995). A consequence of this 
unequal distribution of air flow is the deposition of a majority of inhaled particles at the 
concha media. This can result in very localized pathological processes (e.g. 
adenocarcinomas) (Hadfield, 1970). Air temperature is regulated as inhaled air passes over 
the broad, richly vascularized surface of the turbinates. As a result of the anatomic 
structures within the nose, air flow becomes turbulent. In this way, inhaled air can be 
optimally heated, close to bodytemperature, before reaching the lungs. Regardless of the 
temperature of inhaled air, air temperature within the nasopharynx rarely fluctuates more 
than 2°C from normal body temperature. The dense mucous blanket provided by the large 
number of mucous glands within the nasal mucosa allows constant humidification of 
inspired air. Dehydration of the mucosa is prevented through a mechanism of alternating 
air flow from one side of the nose to the other, as a result of mucosal congestion and 
decongestion. This process is known as the nasal cycle (Anggard, 1977; Malm, 1973). 
Filtration of air is made possible by the typical composition of the mucous blanket 
(mucous produced by submucosal serous glands and mucous glands and epithelial goblet 
cells, lysozyme, and secretory immunoglobulin). This composition, together with the 
mucosal ciliary clearance pattern, provides excellent protective mechanisms against 
inhaled particulate matter. The protection works in two ways: mechanically, whereby 
inhaled particles stick to the gel layer of the mucosal blanket and are removed from the 
nose through mucociliary clearance; and immunologically, whereby compounds within the 
mucous can react with inhaled particles. The rhythmic beating of the epithelial cilia moves 
the mucous blanket at a rate of several millimeters per minute, resulting in regular 
complete replacement (Duchateau et ah, 1985).

Physiology of the sinuses. The physiologic function of the paranasal sinuses is unclear. 
Many functions have been suggested: protecting the skull from trauma; contributing to 
olfaction; lightening the weight of the skull; adding voice resonance; contributing to air 
heating and air humidification; holding air residues; and merely comprising evolutionary 
residual spaces. None of these functions have been proven in controlled research. In light 
of the frequent pathology in the paranasal region, most of which is secondary to pathology 
in the nasal region, and the impact on a person’s well-being, it is conceivable that man
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might be in an evolutionary stage of selecting against paranasal sinuses (Wind, 1981; 
Takahashi, 1983).
The functional processes taking place within the sinuses have been thoroughly 
investigated. Three key elements have been identified in the normal physiologic 
functioning of the paranasal sinuses: 1) patency of the ostia, 2) functioning of the cilia, and 
3) quality of the secretions. Retention of secretions in the paranasal sinuses is an important 
step in the etiology of sinusitis. It can be caused by obstruction of the ostia, reduction in 
the number of cilia or an impairment of their function, or by hypersecretion or a change in 
the viscosity of secretions (Wald, 1988). Often a combination of these factors is found in a 
patient with sinus disease.

Figure 3.
Maxillary sinus in healthy status (left) and inflammatory status (right).
Arrows indicate mucociliary clearance pattern.

The mucosal lining of the sinuses is made up of pseudo-stratified, columnar, ciliated 
epithelium. That epithelium contains both serous and mucous glands and its cells are 
ciliated. The activity of the cilia is influenced by environmental conditions (temperature), 
physiologic conditions (hypoxia, hypercarbia, dehydration), and mechanical conditions 
(polyps, air flow). The cilia sweep in regular patterns (ciliary beating). The pattern consists 
of a quick motion in contact with the gel layer in the direction of mucous propulsion, 
followed by a slow recovery motion through the watery layer in the opposite direction

19



Chapter 2

(Satir, 1974). The beating pattern is very specific within the sinus (star-like pattern). It is 
aimed at getting the mucosal gel layer out of the sinus through the natural ostium towards 
the nasopharynx (Ingels et al, 1991; Knops et al., 1993).
Direct observations of mucociliary clearance patterns have shown that there are clear 
pathways in the sinuses, with secretions always following forced patterns leading through 
the natural ostia (East, 1989). As Kennedy and Shaalan (1989) demonstrated in rabbits, the 
primary mucociliary flow pattern is not anterior to posterior, as suggested by Hilding 
(1941), but originates on the floor of the sinus (Figure 3). As in the maxillary sinus of 
humans, mucociliary clearance observed in rabbits spread out in a star-shaped pattern 
from the floor and then continued up the walls to the ostium. This explains why 
mucociliary drainage can take place through a fenestration made in the lateral wall of the 
inferior meatus, although this is not the normal physiologic route (Mann, 1978).

3. Pathophysiology of maxillary sinusitis
Maxillary sinusitis or inflammation of the maxillary sinus, is a condition in which an 
inflammatory process is taking place within the maxillary sinus. Mucociliary clearance is 
the most essential physiologic process within the maxillary sinus. Patency of the ostia, 
quality of secretions, and ciliary function are the three major functional components of this 
process. Malfunctioning or disturbance of any of these three, individually or in 
combination, can result in disturbed mucociliary clearance and thus to a chain of reactions 
leading to maxillary sinus disease. Closure of the ostium as a result of mucosal congestion 
or anatomic obstruction can block air flow and drainage. Since secretions can then no 
longer be removed from the sinus, they wil therefore pool. Due to the stagnated secretions 
and impaired air flow, mucosal gas metabolism changes and pH decreases, resulting in 
damaged cilia. The pooled secretions, together with the changed environmental conditions, 
cause tissue inflammation. That, in turn, provides excellent circumstances for bacteria to 
colonize the sinus. Mucosal thickening within the sinus as a result of the inflammatory 
process further blocks the ostium (Drettner, 1980; Kennedy et al., 1985; Stammberger, 
1986 (a); Kennedy, 1995).

However logical this vicious cycle appears to be, the etiology of maxillary sinusitis is 
diverse, with many known predisposing factors. Acute sinusitis usually is usually caused 
by unresolved (allergic) rhinitis or upper respiratory tract infections (Slavin, 1986). 
Gwaltney (1994) demonstrated that even a common cold can cause sufficient mucosal 
swelling to block the ostium of the maxillary sinus.
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Author (year of publication) Etiology chronic maxillary sinusitis

Chalmers-Ballantyne and Rowe (1949) permanently impaired drainage and
ventilation of the sinus

Drettner (1965) closure of natural ostium
Messerklinger (1972b) obstruction in osteomeatal region

Drettner (1980) impaired mucociliary transport within sinus

Brook (1981) changed micro-environmental conditions
Jannert et al. (1984) reduced ostial diameter
Lundberg and Engquist (1984) ostial obstruction secondary to tissue edema

Meyers (1984) repeated endonasal infections
Stammberger (1986) anatomical abnormalities in osteomeatal

region

Messerklinger (1987) inadequately treated infection in lateral
nasal wall

Polmar(1992) immunodeficiency
Haugen and Ramlo (1993) complication of untreated or undertreated

infection

Kennedy(1995) osteomeatal region blockage

Abrahams and Glasberg (1996) periodontal disease or osteomeatal unit

Table 1.
Opinions on the etiology of chronic maxillary sinusitis in the past 50 years

Opinions differ on the etiology of chronic sinusitis. Chronic sinusitis can be the direct 
result of underlying disease (immunologic disorders, Kartagener’s and Young’s syndrome), 
but this is relatively uncommon (Godley, 1992; Willett et ah, 1994). For the majority of 
patients with chronic sinusitis the etiology is unclear. Some authors believe it is the result 
of untreated or inadequately treated acute sinusitis or rhinosinusitis (Mélen et al., 1986; 
Messerklinger, 1987). Others state that the origin of chronic sinusitis should be sought in 
the osteomeatal region (Messerklinger, 1972 a, b; Kennedy, 1995). Anatomical abnor
malities influencing aeration or mucociliary clearance within this region, can lead to 
inflammatory processes (Stammberger, 1986 a). Table 1 provides an overview of the 
diverse opinions on the causal mechanism of chronic sinusitis that have been reported in 
the past 50 years.
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The conventional definitions of acute and chronic sinusitis are based on the duration of the 
disease. When symptoms related to sinusitis last longer than 3 months, the disease is 
considered to be chronic (Mélen et al, 1986). Based on an increased understanding of 
etiology and pathophysiology of sinusitis, Kennedy and others (1995) have disputed that 
criterion. Instead of duration, they suggested basing diagnosis on the patient’s response to 
therapy. Their advise was to treat sinusitis as being acute, unless it does not respond to 
appropriate and aggressive medical therapy. Sinusitis only becomes chronic after mucosal 
damage is present. Regardless of the duration of the disease, sinus mucosa always has the 
potential to regenerate after ostial patency and aeration have been restored.

Already in the 1970s, a direct correlation was found between ostial size and oxygen 
content of the maxillary sinus has been reported (Aust and Drettner, 1974 a). A decrease 
in ostial size was shown to result in hypoxia. Carenfelt and Lundberg (1978) demonstrated 
a decreased oxygen content in the maxillary sinus during acute sinusitis and the absence of 
oxygen in chronic sinusitis. Later, it was shown that hypoxia within the maxillary sinus 
could lead to a decrease in the ciliary beating frequency and to failure of mucociliary 
transport (Drettner, 1980; Reimer at al, 1980 b). These studies confirm that there is a 
relation between aeration and mucociliary clearance. However, the primary cause of 
chronic sinusitis is still unclear. Nowadays an impressing number of predisposing factors 
for chronic sinusitis have been identified. While some of these are common, many are 
uncommon. A comprehensive list of predisposing factors is given in Table 2.
During chronic maxillary sinusitis, a reduction in ciliary beating frequency (CBF) and 
abnormal beating patterns have been observed (Ohashi and Nakai, 1983). More recent 
studies show a complete absence of CBF in 23% of the patients with chronic maxillary 
sinusitis, while 77% of the patients still had normal CBF (Nuutinen et ah, 1993). The 
reduction in ciliary beating frequency is closely related to morphological changes in 
mucosal epithelium. These include swelling of the ciliary membrane, formation of 
compound cilia, dropping of epithelial cells, and metaplasia of the squamous epithelium 
(Takasaka et al., 1977; Ohashi and Nakai, 1983). Anything that affects ciliary activity is of 
clinical importance (Geurkink, 1983). It is clear from a number of studies that decreased 
CBF, loss of cilia, or abnormal ciliary beating patterns can result in impaired mucociliary 
clearance (Rautainen et al., 1992; Toskala et al., 1995). It is also clear that loss of ciliary 
action is reversible. In vitro experiments demonstrated that it takes 12 days for cilia to 
reach optimal elongation. That is the same amount of time required for beating frequency 
and intracellular beating coordination to become optimal. It does, however, take up to three
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weeks to establish optimal intercellular coordination (Yoshitsugu et al., 1994). Further 
studies are needed to evaluate whether these ultrastructural changes are a primary cause of 
respiratory disease or secondary findings due to long-standing infections.

Common Uncommon

Allergy
Anatomical variation (concha
bullosa, paradoxically bent 
middle turbinate, septal 
deviation)
Bacterial and viral infections
Environmental irritants (e.g.
tobacco smoke)
Nasal polyposis
Unresolved rhinitis

Barotrauma
Benign and malignant neoplasm
Churg-Strauss syndrome (eosinophilic vasculitis)
Cystic fibrosis
Dental infection
Down’s syndrome
Fungal infections
Hormonal factors (puberty, pregnancy)
Iatrogenic factors (Rhinitis medicamentosa,

abuse of cocaine)
Immobile cilia disorder
(Kartagener’s, Young’s syndrome)
Immunodeficiency disorders
(AIDS, immunoglobulin deficiencies, IgA deficiency)
Sarcoidosis
Surgical packing
Trauma or foreign body impaction
Vasomotor disturbances
Wegener’s granulomatosis (necrotizing vasculitis)

Table 2.
Predisposing factors for chronic maxillary sinusitis

Sinus mucosa is hyperactive during chronic maxillary sinusitis. The number of goblet 
cells is significantly lower than in a normal sinus (7350/mm2 vs. 9700/mm2), but the gland 
density (1.2/mm2) is 6 times higher than normal. Different types of glands are formed in 
the course of the disease following basal cell hyperplasia. Mucosa also displays 
hyperplasia and hyperactivity of normal seromucous glands. Increased mucous production
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during chronic sinusitis is the result of newly formed glands (Tos and Mogensen, 1984). 
Jeney et al. (1990) nicely demonstrated the composition of nasal glandular secretion to be 
abnormal in patients with recurrent sinusitis. Especially in response to cholinergic and 
histaminergic provocation, the levels of proteins and immunoglobulins were significantly 
lower in the secretions of patients with recurrent sinusitis as compared to levels of the same 
peptides in healthy volunteers. Other histopathological changes observed during chronic 
sinusitis include basement membrane thickening, mononuclear inflammatory cell 
infiltration, and subepithelial edema. Such local pathogenic factors can influence the 
pathologic process (Stierna and Carlsöö, 1990).

4. Bacteriology
The normal bacterial flora in the nasal cavity embodies several types of aerobic and 
anaerobic bacteria (Savolainen et al., 1986). The mucosal lining of the nasal cavity 
continues into the paranasal sinuses. Several studies have demonstrated the presence of 
similar bacteria in healthy sinuses (Brook, 1981; Cauwenberge et al, 1993). When this 
normal flora is present in sinuses, closure of the ostium can easily lead to bacterial 
infection. Nevertheless, Sobin et al. (1992) found the maxillary sinus to be sterile. The 
environmental changes that occur as a result of blockage of the ostium provide excellent 
growth conditions for bacteria. The presence of endogenous bacterial flora makes it 
difficult to distinguish the bacteria that are directly or indirectly responsible for the 
inflammatory process from non-pathogenic bacteria.

Many studies have been published on the microbiology of sinusitis in both adults and 
children. There is no reason to believe that the bacteria present in sinus disease among 
children are any different from these present in the case of adults. In acute sinusitis, only 
one type of bacteria is generally isolated from sinus fluid, usually one with known 
pathogenic characteristics (e.g. Haemophilus influenzae, Streptococcus pneumoniae, or 
Moraxella catarrhalis). Anaerobic bacteria do not play a major role in acute sinusitis. In 
chronic sinusitis, bacterial infections often are poly-microbial. Anaerobic bacteria are 
thought to be important in the inflammatory process. Studies on the microbiology of 
chronic maxillary sinusitis demonstrated that anaerobic bacteria are present in 0% to 100% 
of all patients. Acute sinusitis is a primary bacterial infection. While chronic sinusitis in 
contrast, is more likely the result of a combination of ostial obstruction, stasis of mucous, 
and impaired ciliary activity. The bacterial infection in chronic sinusitis then can also be 
secondary. The types of bacteria cultured from patients with sinusitis are diverse and differ
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from one study to another. Several reasons have been given for this variation.
The most important reason is the definition of the patient population. Age, geographical 
background, previous treatment, medical history, and duration of disease. The method of 
taking samples, the materials used in transporting the samples, the time between taking the 
sample and starting the culture, the culture methods used, and the interpretation of culture 
results may vary from one study to the next. But it has also been suggested that baceria 
cultured from patients with sinusitis may change over time. This too might explain the 
diversity of bacteria isolated from patients with sinusitis (Cauwenberge et ah, 1976; 
Carenfelt et ah, 1978; Wald, 1983; Berg et ah, 1988 (b); Brook, 1989; Tinkelman and Silk, 
1989; Ylikoski et ah, 1989; Brook, 1992; Hadley-Hoyt, 1992; Simoncelli et ah, 1992; 
Wald, 1992 (b); Brook, 1994; Erkan et ah, 1994; Brook, 1995; Ito et ah, 1995; Brocket ah, 
1996; Cauwenberge and Ingels, 1996).

The method of taking samples is subject to discussion. According to microbiological 
standards, the only acceptable method for taking samples in sinus disease is aseptic 
aspiration of the sinus, the use of sterile transport materials, and processing of the samples 
for culture in a microbiological laboratory within 30 minutes (Bannatyne et ah, 1979; 
Isenberg, 1992). In the studies reported above, samples were obtained in various ways. 
When samples are obtained through sinus irrigation, it is likely that the samples will 
become contaminated with oral or nasal endogenous bacteria. There is some debate on the 
correlation between bacteria present in nasal cavity flora and bacteria cultured from sinus 
fluid samples. It would seem possible to separate the bacteria present in sinus fluid from 
normal flora, based on pathogenicity, growth rate, and the quantity present (Wald, 1981; 
Wald, 1992 a). For some bacteria (Streptococcus pyogenes, Haemophilus influenzae, and 
Streptococcus pneumoniae, but not Moraxella catarrhalis), a clear correlation between 
presence in the nasal cavity and in a sinus fluid sample has been reported in patients 
suffering from acute sinusitis (Savolainen, 1987; Jousimies-Somer et ah, 1989). In these 
situations, contamination of sinus fluid samples is irrelevant. The time between taking the 
sample and culturing it can be extended to 24-48 hours without affecting culture results, as 
long as appropriate transport systems are used. The use of such transport systems is 
essential in multi-center trials when a central laboratory is used for microbiological 
cultures (Brook, 1987; Baron et ah, 1995).

Van Cauwenberge et ah (1976) were the first to suggest that the bacteria present in sinusitis 
might change over time. Since then, many studies have been published describing the
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microbiology of sinusitis, with different results. Some do refer to a change over time 
(Ramadan, 1995), while others report an absence of change (Berg et al, 1988 b). It is quite 
possible that there is a change over time. That change would be similar to or result from the 
development of resistance to antibiotics, which is a growing concern in the management of 
upper respiratory tract infections (Baquero and Loza, 1994; Bartlett and Froggatt, 1995). 
Such a change is very difficult to predict and so far remains impossible to assess, since 
there are no long-term prospective studies describing the microbiology of sinusitis. The 
studies being carried out today differ too much from those conducted in the past to justify 
the assumption of such a change. Until prospective epidemiologic studies are available, 
frequent studies on the microbiology of sinusitis and the susceptibility of isolated bacteria 
to antibiotics will be necessary.

Some bacteria (Pseudomonas aeruginosa and Haemophilus influenzae) have been found 
to release factors that decrease ciliary activity and disorganize the ciliary beating pattern 
(Reimer et al., 1980 (a); Wilson et al., 1985). Bacterial infection in the sinus is primarily 
an infection taking place within or upon retained secretion. It is not invasive. Granulocyte 
proteases found in sinusitis can destroy cilia (Lundberg and Engquist, 1984). An important 
aspect of bacteriology in sinusitis is “indirect pathogenicity”. This occurs when one type of 
bacteria releases factors (e.g. beta-lactamases) to protect other bacteria from antibiotics. In 
this way, bacteria that are known pathogenies are shielded by products released by non- 
pathogenic bacteria (Hoi et al., 1994). This phenomenon has also been described for sinus 
disease (Nord, 1995).
Fungal sinusitis has enjoyed renewed interest. It occurs mainly in immunocompromised 
patients. The mucopurulence present in chronic sinusitis provides an ideal environment for 
fungal growth. Treatment consists of restoring aeration and, if necessary, removing 
infected, devitalized tissue. Medical treatment is regarded as adjunct to invasive and severe 
fungal sinusitis (Khoo and Denning, 1995; Spring and Amedee, 1995). Recently, new 
opportunistic fungal infections have been described, as case reports. So far, these 
infections do not seem to occur in large groups of patients (Singh et al., 1996). 
Immunocompromised patients were excluded from the study described in this thesis. 
Therefore, fungal sinusitis will not be given extensive attention here. 5

5. Diagnosis
Although maxillary sinusitis is a common disorder, it can be hard to diagnose. The 
diagnosis should be based on the patient’s medical history and complaints and then
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confirmed by clinical examination (including endoscopic techniques) and imaging of the 
sinuses (Bertrand and Robillard, 1985; Melén et al., 1986; Fireman, 1992). To assess a 
patient’s health status and quality of life, symptom-based patient questionnaires based on 
duration of symptoms have been developed (Gliklich and Metson, 1995). The diagnostic 
criteria are of utmost importance to clinical research.
Patient medical history reveals details on the duration of disease, previous treatment, and 
other illnesses. The patients may come in with a variety of complaints, such as headache, 
nasal discharge, nasal obstruction, loss of smell, facial pain, fever, dizziness, post-nasal 
drip, snoring, toothache, or less frequently, lethargy. Adults and children may have 
different complaints. Adults with acute maxillary sinusitis typically report facial pain, 
headache, and fever. Children often have less specific complaints: cough, nasal discharge, 
and bad breath. (Wald, 1983; Wald, 1989). Sinusitis with complaints lasting longer than 3 
months is traditionally referred to as chronic sinusitis (Melén et al., 1986). The type of 
complaints may also differ between acute and chronic sinusitis. Adults with chronic 
sinusitis can present the following complaints: nasal congestion/obstruction, loss of smell, 
post-nasal drip, headache, dizziness, nausea and/or vomiting, purulent nasal discharge, 
and lethargy. Although often less severe, these complaints (especially loss of smell) can 
have a serious effect on the quality of life (Deems et al., 1991; Duncan and Seiden, 1995). 
Children with chronic sinusitis can present the following primary symptoms: posterior 
nasal discharge, nasal obstruction, mouth breathing, sore throat in the morning, secretory 
otitis media, and cough. Furthermore, they may report a wide range of less specific 
symptoms: headache, fatigue, general feelings of unwellness, decreased appetite, 
irritability, short attention span, and impaired sleep (Lazar et al., 1993; Wald, 1995). 
Clinical examination. Several techniques are available for clinical examination. Nasal 
endoscopy is an ideal way to inspect the nose for diseased mucosa, type and location of 
discharge, and presence of anatomical abnormalities (septum deviation, nasal polyps, 
tumors) or foreign bodies. The most reliable clinical findings for the diagnosis of sinusitis 
are purulent nasal discharge in the osteomeatal region and facial discomfort, 
predominantly on one side (Berg and Carenfelt, 1988). The decision to perform a sinus 
puncture is made primarily on the grounds of clinical findings; radiological findings can 
only be supplementary. Radiologically abnormal sinuses have been reported to be free 
from fluid in over 40% of a group of 286 patients (Watt-Boolsen and Karle, 1977; 
Kennedy et al., 1985). A puncture serves two purposes. First and foremost, it is a means to 
obtain a fluid sample and/or a mucosal biopsy for bacteriologie culture and histology. 
Histological study of sinus mucosa can be used to determine the grade of disease (Terrier
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et al., 1976). By establishing the presence ofT-cells and intra-epithelial mast cells, allergic 
sinusitis can be differentiated from non-allergic sinusitis. Both types of patients have 
eosinophils and macrophages present in the sinus, although the pathophysiology is 
different (Demoly et al, 1994). Culture of sinus mucosal biopsies is suggested to be a 
better way to isolate pathogenic bacteria than fluid samples (Su et al, 1983). Due to 
adhesion to cellular structures some bacteria might not be cultured from sinus fluid 
samples. The second purpose of performing a sinus puncture is to be able to start 
treatment. Through irrigation of the sinus, it is possible to remove inflammatory products 
and pooled secretions (Ekedahl, 1983; Engquist et al., 1983).
Antroscopy can be performed to reveal abnormalities within the sinus, including the state 
of mucosal inflammation, the character of secretions, the patency of the ostium, and the 
presence of polyps. Antroscopy and antral aspiration are the only ways to distinguish 
purulent sinusitis from its non-purulent form. This distinction is important in selecting a 
treatment. A clear relation exists between the presence of purulent secretion and bacterial 
infection (Berg et al., 1981; Berg et al., 1988). Antroscopy, like sinus puncture, offers the 
possibility to start treatment with sinus irrigation, thereby removing pooled secretions 
from the sinus. Antroscopy of the maxillary sinus can be performed through the inferior 
meatus and through the canine fossa (sub-labial). Contradictory recommendations regard
ing the use of either of these two methods have been published. These two methods have 
never been compared with regard to safety and efficacy in controlled randomized studies 
(Whittet et al., 1989; Bernal-Sprekelsen et al, 1991). An advantage of the approach 
through the inferior meatus is the possibility to create an antrostomy during the same 
procedure (similar to the Claoué technique). This technique has been proven to be safe in 
a very large group of patients (Herms, 1975). The sublabial approach offers a better view 
of the entire sinus and its ostium, due to entry at the bottom of the sinus. It is therefore the 
preferred method among other authors (Ritter and Arbor, 1977). More recently, the latter 
method has been reported to cause more discomfort to patients (e.g. damage to the infra
orbital nerve) than the inferior meatus approach (Bernal-Sprekelson et al., 1991).

Imaging. A variety of imaging techniques are available as diagnostic tools for sinusitis. 
Transillumination and ultrasound. Transillumination of the maxillary sinus is not 
reproducible. It is generally considered not specific enough and is therefore said to be 
unreliable (Spector et al., 1981; Druce, 1992; Sydow et al., 1982). Ultrasound is cheap, 
quick, and easy to use (Jannert et al., 1982). It can be used in follow-up of treated patients, 
since it correlates very well with normal radiographs (Jensen and Sydow, 1987). It can also

28



Chronic maxillary sinusitis: a review

be used for patients whose sinus radiographs show partial or complete opacification as a 
means to predict the presence of fluid (Mann et al., 1977). However, it is not sufficiently 
sensitive and specific compared to X-rays. Therefore ultrasound cannot be used as a 
substitute for X-rays in diagnosing sinusitis (Shapiro et al., 1986; Slavin, 1996).

X-ray and Computed Tomography scan (CT-scan). Sinus X-rays have long been the golden 
standard for diagnosing maxillary sinusitis (Chalmers-Ballantyne and Rowe, 1949; Evans 
et al., 1975; Decreton and Clement, 1981; Williams and Simei, 1993). Despite the good 
reputation of that technique, studies have demonstrated a significant percentage of false 
positive (18-43%) and false negative results (6-41%) when sinus radiographs where 
compared to antroscopy or nasendoscopy findings (Vuorinen et al, 1962; Fascenelli and 
Frederick, 1969; Ilium et al, 1972; Watt-Boolsen and Karle, 1977). Both X-ray and CT- 
scan results are consistent with antroscopy findings in a majority of patients. Nonetheless, 
the sensitivity and specificity of CT-scan are better than those of X-ray (Nass et al, 1989; 
Faranne et ah, 1992; Mafee, 1993; Garcia et al, 1994). Misinterpretation of radiographs 
can easily occur as a result of asymmetric sinus development, overlying soft tissue 
swelling, differences in sinus depth or vault thickness, redundant mucosa, indistinct bony 
margins, and low pneumatization (Wald, 1983). Misinterpretation of a CT-scan (especially 
false positive results in asymptomatic patients) has been reported in up to 42% of all 
patients evaluated (Havas et ah, 1988). Gwaltney et al. (1994) reported that, even in a 
common cold, significant abnormalities could be seen on CT-scans of the nose and 
paranasal sinuses. These abnormalities included occlusion of the sinuses and mucosal 
swelling. Nowadays, a CT-scan of the paranasal sinuses is strongly advised when 
endonasal surgery is planned. Given the difficult anatomy of the endonasal region and the 
inter-individual variations, guidance with anatomic landmarks on a CT-scan is advised 
before and during surgery (Zinreich, 1992). Many protocols for a presurgical CT-scan of 
the paranasal sinuses are available (Kopp et al, 1988; Chow and Mafee, 1989; Mafee, 
1993; Garcia et al, 1994; Roberts et al., 1995). The radiation dose and cost of a CT-scan 
are much higher than for a sinus X-ray (Roberts et al., 1995). Most authors agree that sinus 
X-rays should be used for diagnosing sinusitis (Floyd et al, 1991; Diament, 1992) and that 
a CT-scan should be reserved for pre-operative planning. A single Water’s view (occipito
mental) is sufficient for evaluating the maxillary sinus (Axellson and Jenssen, 1974). A 
series of three or four different views does not contribute significantly in diagnosing 
maxillary sinusitis (Hayward et al., 1990; Williams et al., 1992).
The radiographic findings considered most useful in diagnosing sinusitis are air-fluid
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level, complete opacification, and mucosal swelling of >5 mm (or at least half the 
mediolateral diameter of the sinus) (Wald, 1981; Rossi et ah, 1994). Mucosal swelling may 
represent tissue inflammation without bacterial infection (Wald, 1983). One of the 
difficulties of using a sinus X-ray in diagnosing sinusitis is the inter- and intra-individual 
variation in evaluating radiographs. Variations have been found to occur among 
otolaryngologists, among radiologists and between otolaryngologists and radiologists 
when evaluating the same radiographs (Kay et ah, 1984; Williams et ah, 1992). 
Inter-observer agreement is most important when sinus X-rays are used as part of the entry 
criteria in clinical trials. Minimal intra-observer variation is essential when sinus X-rays 
are used in follow-up of treatment results. Furthermore, when patients are referred to a 
radiologist to obtain a sinus X-ray, and treatment is initiated by their attending physician 
based on the radiologist’s findings, consistency in sinus X-ray evaluation is important. Part 
of the research presented in this thesis was aimed at quantifying the agreement between 
otolaryngologists and radiologists in evaluating sinus X-rays. The agreement was 
quantified within and across the two specialties.

More recent imaging techniques such as magnetic resonance imaging (MRI) are excellent 
for soft tissue imaging but not yet suitable for routine diagnostics (Katz et al, 1995). In the 
future, techniques will become available for routine use of 3-dimensional reconstruction 
of the nasal cavity and paranasal sinuses using CT and MRI data. These techniques look 
very promising, especially for surgical planning and for guiding the surgical procedure. 
But they should also be incorporated in further research on the (patho)physiology of the 
nose and paranasal sinuses.

Clinical chemistry and hematology. Clinical chemistry and hematology findings do not 
contribute significantly to the diagnosis of sinusitis. Only erythrocyte sedimentation rate 
(ESR) and C-reactive protein concentrations are independently associated with the 
diagnosis of acute sinusitis (Hansen et ah, 1995). 6

6. Treatment
Until the late 19th century, chronic maxillary sinusitis was treated surgically in many 
different ways. Some of these were literally barbaric. The methods included tooth 
extraction and the creation of fenestrations in the lateral nasal wall. All methods were 
aimed at relieving the pressure on the inflamed sinus by creating openings through which 
pooled secretions could drain (Tange, 1991). In 1904, Claoué described a procedure for
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creating openings through the inferior meatus, and it is still in use. Caldwell and Luc 
independently described a more radical method for the treatment of sinusitis (Caldwell, 
1893; Luc, 1897). Now referred to as the Caldwell-Luc procedure, this method entails 
making a large opening in the anterior wall of the maxillary sinus to strip the diseased 
mucosa from the maxillary sinus. Subsequently, an antrostomy is created in the inferior 
meatus. A great deal of experience has been gained over the past decades with regard to the 
efficacy of the Caldwell-Luc procedure (DeFreitas and Lucente, 1988). In the 20th 
century, as knowledge about the pathophysiology of sinusitis increased, new, more 
conservative and physiologic methods of treatment have been introduced.

Chalmers-Ballantyne and Rowe (1949) were the first to relate impaired drainage and 
ventilation of the maxillary sinus to the development of chronic sinusitis. Drettner (1965) 
found the ostium to be closed in patients with chronic maxillary sinusitis. At about the 
same time, Proctor (1966) worked out the idea that the osteomeatal unit, as compared to 
the ostium as a separate entity, was the place where sinus disease could originate. The 
introduction of the endoscope was a major step ahead in understanding the 
pathophysiology of sinus disease. It was only then that sinus disease could be located and 
graded on the basis of visualization of the diseased mucosa and the anatomical structures 
involved. Messerklinger (1967,1972 a, b) published many excellent studies on mucociliary 
clearance and the anatomy of the lateral nasal wall in patients with sinus disease. He 
reported that epithelial adhesions in the nose could result in impaired mucociliary 
clearance. Especially the ethmoid region, with its many small ostia, was prone to such 
disturbances. Messerklinger (1978, 1987) also reported that infection in the ethmoid 
region could easily spread to the maxillary sinus. In addition to these findings, Kennedy 
and Shaalan (1989) elegantly demonstrated that sinusitis could come from ostial closure. 
He published results of experiments in rabbits where bone chips were used to close the 
ostium. After closure of the ostium, the secretions pooled and bacterial infections 
developed easily within the sinus. Re-opening of the ostium quickly cured the sinusitis. 
These findings were confirmed by Min et al. (1993) in a study on rabbits with a similar 
setup of induced sinusitis, whereby the sinuses were artificially closed with bone chips. 
Opening of the ostium resulted in a rapid resolution of the sinusitis. This also demonstrates 
the importance of restored aeration.
The introduction of endoscopy has made it possible to operate in the middle meatus with
out the risk of major complications due to lack of sight (Lusk, 1992). Stammberger (1986 
b) developed surgical methods for removal of anatomic abnormalities in the osteomeatal

31



Chapter 2

unit to restore drainage and ventilation of the maxillary sinus. Kennedy (1985) and 
Kennedy et al. (1985) described, in line with Stamberger’s techniques, a more sparing 
surgical protocol. Since then, it has been referred to as functional endoscopic sinus surgery 
(FESS). The primary goal of this technique is to restore drainage and ventilation of the 
maxillary sinus by widening the natural ostium, removal of the uncinate process, removing 
the ethmoid bulla, and depending on the extent of disease, opening the anterior and 
posterior ethmoid cells. Recently, an experimental study in rabbits demonstrated the 
advantage of sparing surgery over radical surgery on regeneration of maxillary sinus 
mucosa (Melgarejo-Moreno et al., 1996). The rabbits that had undergone the most 
conservative operation demostrated mucociliary clearance after three months that was 
identical to sham-operated rabbits. In contrast, the rabbits operated upon radically still had 
disturbed (or absent) mucociliary clearance after three months.

Since its introduction, many reports have been published describing results of FESS in 
series of patients. The reported rates of cure ranged from 58% to 100% (Kennedy et al, 
1987; Brenkman, 1988; Levine, 1990; Davis etal., 1991; Lund etal., 1991; Hoffman etal., 
1993; Lazar et al., 1993; Vleming et al., 1993; Fang, 1994 (a); Rosenfeld, 1995; Wald, 
1995). The reported advantages of this new technique include less trauma to the patient 
due to minimal surgery, unparalleled visualization of the sinuses and anatomy of the lateral 
nasal wall, and improved visualization allowing better diagnosis. In combination with a 
CT-scan, the operation can be targeted at precisely the appropriate location (Schaefer et al., 
1989). Symptom relief after FESS is generally good. Significant improvements of nasal 
obstruction, loss of smell, nasal discharge, facial pain, headache, and even ciliary beating 
frequency have been described. The reported cure rates one year after surgery vary across 
studies. This difference is thought to be largely due to pre- and post-operative care and 
patient selection (Lanza and Kennedy, 1992). It is necessary to follow up on patients 
regularly for a period of at least 3 months. This involves cleaning the nose by removing 
crusts and debris in order to prevent relapse as a result of adhesions (Lazar et al, 1992; 
Wald, 1995). There is another reason for prolonged follow-up. This is the finding that, 
although symptom relief occurs within 16 weeks following treatment, it takes longer for 
antral mucosa to heal (Fang, 1994 b).

Serious complications after FESS are rare. However, rupture of the optic nerve, 
obstruction of the lacrimal duct, intracranial complications after perforating the lamina 
cribrosa, and toxic shock syndrome have been reported (Maniglia, 1989; Maniglia, 1991;
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Younis and Lazar, 1996). Among the minor complications, intra-nasal bleeding and 
syncope have been reported (Serdahl et ah, 1990; Bolger et al., 1992). Complications, 
especially as a result of decreased visualization after intranasal bleeding, seem to occur 
more often in smokers and in patients with extended inflammatory disease (O'Reilly et ah, 
1995).

Based on the pathophysiological concept of impaired drainage and ventilation, and due to 
the availability of nasendoscopes, several other techniques have been developed for sinus 
surgery in patients with chronic sinusitis. These techniques include the removal of ethmoid 
structures (Wigand et ah, 1978), the creation of fenestrations in the nasal fontanel 
(Straatman and Buiter, 1981), the creation of fenestrations at several locations in the lateral 
nasal wall, both close and distant to the natural ostium (Wigand, 1981; Kimmelman et ah, 
1988), and combinations of such techniques (Toffel et ah, 1989). Kennedy and Shaalan 
(1989) proved the mucosal clearance pattern within the sinus to be very specific, 
originating from the floor and aimed at the natural ostium in a star-shaped pattern. 
Antrostomies at other places than the natural ostium disturbed this pattern. They resulted 
in pooled secretions, since the clearance pathway went around these antrostomies. These 
findings explain why antrostomies at places in the lateral nasal wall other than the natural 
ostium all result in similar cure rates, which are lower than the results after FESS (Arnes 
et al., 1985).

Few comparative studies have been performed with FESS and other surgical techniques 
(East, 1989; Fairley, 1991). One of the few that has been published demonstrated FESS to 
be superior to Caldwell-Luc with respect to symptom improvement (Penttilä, 1994). 
Caldwell-Luc provided better reduction of inflammatory parameters. Therefore, it was 
recommended for patients with asthma and nasal polyposis (Forsgren et al., 1995).

Sinus irrigation has long been used as a method to clear infected sinuses from pooled 
secretions (Carenfelt and Lundberg, 1977; Carenfelt et al, 1978; Nieder and Bachmann, 
1980). It is only suitable for disease limited to the maxillary sinus, since irrigation does not 
reach the other sinuses. Sinus irrigation can result in the reduction of bacterial growth, the 
reduction of pC02, the increase of p02, improvement in granulocyte activity, the reduction 
of granulocyte proteases, no degradation of opsonin, the increase of bacterial 
phagocytosis, dramatic relief from pain, improvement of oxygenation and blood flow, and 
the restoration of compromised defense mechanisms (Carenfelt and Lundberg, 1977;
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Carenfelt and Lundberg, 1978; Ekedahl, 1983; Sakakura et al, 1985). In chronic sinusitis, 
irrigation is considered to be insufficient, although reports have been published that show 
good results. Melén et al. (1986) reported a cure rate of 39% after 1 year. Bertrand and 
Eloy (1993) achieved non-surgical status in 36% of the patients with chronic sinusitis after 
treatment with repeated sinus irrigation.
Since the introduction of more potent antibiotics that can act upon a broad-range of 
bacteria, sinus irrigation has regained interest in treatment of chronic sinusitis (Maisel and 
Kimberley, 1988; Carenfelt et al., 1990). Sakakura et al. (1985) demonstrated reversibility 
of reduced mucociliary clearance in chronic sinusitis. They concluded that the malfunction 
of the mucociliary system is not the cause of chronic sinusitis, but the result of chronic 
inflammation of the respiratory mucosa. Sinusitis can be considered an empyema where 
closure of the ostium has resulted in stagnation of drainage and thus in pooled secretions 
(Slavin, 1996). Bacteria can colonize this debris and start a bacterial infection. These 
pooled secretions and colonizing bacteria produce inflammatory mediators. In this way 
acute respiratory tract disease can turn into chronic sinusitis. By removal of these 
secretions and elimination of the colonizing bacteria, fuel can be taken away from the 
inflammation, allowing the sinus mucosa to be restored. Interestingly enough, the 
additional efficacy of FESS - on top of restoring aeration and mucociliary clearance by 
removing the pooled secretions and eradicating the bacterial infection - has never been 
investigated.

* * sH * *
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CHAPTER 3

Institutional Review Boards in multicentre trials in The Netherlands: 
experiences in a phase III B clinical trial

’’Ethics Committee: an independent body, constituted by medical professionals and non
medical members, whose responsibility is to verify that the safety, integrity and human 
rights of the subjects participating in a particular trial are protected, thereby providing 
public reassurance.”1

Introduction
A quote from the guidelines for Good Clinical Practice (GCP), valid in the European 
Community as per 19 July 1991 [1], The GCP rules have been implemented in Dutch law 
in the year 1995.
The ethical review of a study protocol is obligatory in every hospital in The Netherlands. 
Therefore, most hospitals in The Netherlands have established their own Medical Ethical 
Committee (MEG) or have the opportunity of using an external MEG. However, the 
current manner of ethical review of a study protocol is subject to discussions at national 
and international levels [2-6]. When a multicentre protocol, of a phase III B clinical trial, 
was evaluated, the authors experienced some of the problems an initiator may face when 
having such a protocol reviewed by several MECs. This article includes several examples 
to illustrate the differences between hospital MECs with regard to the ethical review of 
study protocols, from the initiator’s point of view. Furthermore, a proposal for 
improvements to the present system is included.

Case
The protocol of the study concerned was submitted to 18 MECs, one of which was a 
university hospital's MEC. In most cases, locally valid regulations, according to which the 
MEC carries out its reviews, were obtainable on request. Usually these regulations were 
based on the European GCP guidelines, supplemented by specific review criteria, tuned to 
the local situation. However, these criteria, according to which the MECs work, were 
usually not the same. In one case the same protocol was subject to new, changed criteria 
when reviewed for a second time. Several MECs did not disclose the criteria to the 
initiator. On two occasions, the composition of the MEC was kept secret from the initiator 
in order to prevent its members from being influenced in any way, which is not in
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conformity with the GCP guidelines. The requirements for the patient information were 
quite frequently inconsistent. The required content of the patient information (e.g. the way 
a study person is insured against damage caused by participation) differed between the 
MECs. Furthermore, a number of MECs demanded that the patient information and the 
informed consent be printed on paper bearing the hospital logo, instead of blank paper. 
This means a great deal of extra work for the initiator, with no benefits for the patient.
The volume of information necessary for submission to an MEC varied from a mere 
protocol copy to a file 30 cm thick. The file to be submitted contained, among other things, 
a questionnaire of 20 pages, all information available on the drug to be used and the way 
data should be collected, etc. And all of this in 16-fold. The payments to be made to the 
MEC ranged from nothing to Hfl. 2.000,-. The evaluation period could amount to several 
months. In one case, a period of as long as 8 months was needed to arrive at a definitive 
conclusion. The approval of the protocol by the MEC sometimes depended on the 
evaluation of other committees, such as a drug committee, a scientific committee and an 
anti-infection committee. The question is to what extent the MEC can (or may) function 
independently. For example, should a protocol be tested on its ethical qualities before its 
scientific soundness is established?
In short, it seems that every hospital has arranged for the Medical Ethical Test in its own 
way. A practical consequence is that in a multicentre trial a separate file has to be prepared 
for every hospital participating, in order to obtain approval from the Medical Ethical 
Committee.
The result of the differences as described above became apparent in the advises that were 
given. It ranged from positive, after hearing the investigator or otherwise, to disapproval of 
the protocol in two cases. In one case based on the use of drugs not registered in The 
Netherlands and in the other case on the methodology used.
Lastly, it may be useful to say that before the evaluation, the investigator was not aware of 
the fact that in many hospitals it is possible to appeal against a negative advice.

Consideration
Nowadays, everyone is convinced of the necessity to guarantee the ethical acceptability of 
study protocols by way of testing them before a study is started. A stimulating statement 
may be: ’’Sometimes it seems as though medical-ethical testing is going beyond its origi
nal goal” (protecting the individual and legitimising bona fide research). Examples from 
practice as mentioned above (e.g. a specific file for each MEC) may support the statement. 
There is a need for more clarity among all parties (initiator, MEC, investigator, patient,
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board of directors, etc.). It is of the utmost importance for a study co-ordinator to know 
how long it takes to evaluate a protocol beforehand. A national central test committee for 
clinical trials in the GPs practice (the METOH), located in The Netherlands, has shown 
that the above is not impossible for a Medical Ethical Test procedure [7]. It is desirable 
with regard to duration to standardise a study protocol. A questionnaire, used nationally 
and including questions on subjects essential for the test, may serve as a guideline. The 
duration may be shortened considerably by a standard hearing of the investigator (e.g. by a 
member of the MEC before the meeting, or during a MEC meeting). It may then be 
prevented that a routine activity for a specialist is misjudged by the MEC members, who 
are less acquainted with the activity. All parties should be familiar with the test criteria as 
used (including GCP). If the initiator and the investigator are aware of the criteria 
beforehand, it is obvious that certain protocols, which are not of interest to the hospital 
concerned, do not have to be submitted and tested. Not all MECs had sufficient experience, 
obtained by regular testing of study protocols (e.g. a minimum of 25 protocols a year), and 
sufficient specialist knowledge at their disposal to be able to judge research correctly. In 
the case described above this has led to deviant evaluations by different MECs. 
Furthermore, it has caused unnecessary delays in the evaluation process. The initiator of 
clinical trials needs medical ethical testing of clinical trials carried out in a uniform 
manner and leading to predictable results based on a clear and transparent procedure.
The recently published guideline for GCP in the European Union, including an explanation 
aimed at the situation in The Netherlands, is a step forward. Unfortunately the evaluation 
duration and the consistency between MECs is not laid down sufficiently.

Proposal
Please find below a proposal to shorten the duration and standardise the quality of ethical 
testing:

1) From the initiator’s point of view, a central institute is desirable in the present Dutch 
system, in which virtually each hospital has its own MEC. A main task of the central 
institute would be to fine-tune criteria, necessary for optimum medical ethical testing 
aimed at the actual practice. These criteria could serve as a guideline for all local MECs. A 
protocol might be evaluated faster based on such criteria, which could include the locally 
applicable demands suiting the nature of the hospital concerned.

2) Furthermore, the central institute can look after the quality of study protocol evaluation
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by local MECs and the consistency in evaluation between several committees. Important 
matters to which the central institute might pay attention are: the composition of MECs, 
visits to MECS (during meetings), audit of the system, training of local MEC members, 
meetings held for the chairmen of the local MECs, discussions on crucial problems in 
ethical evaluations (such as changing standards), filing of all nationally submitted study 
protocols and all relevant assessments, guarantee of the expert quality of the MECs (for 
example by demanding a minimum number of protocols to be assessed in a certain period 
- to which the MEC’s right to exist may even be connected), etc.
In the above system, both initiator and investigator could know before submitting a study 
protocol, how it will be evaluated and how long evaluation will take.

We would like to conclude by saying that quality maintenance will be the main task of the 
central institute. We feel that this can have a positive effect on the period of evaluation. It 
is not permissible in this system to re-assess protocols at a central level. We do not intend 
to provide a local MEC or hospital with centrally approved protocols. On the contrary, a 
local MEC is better able to assess the local situation. The final decision as to whether or 
not a clinical trial should be performed in a certain hospital should always be made by the 
board of directors of the hospital concerned.
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CHAPTER 4

The efficacy of sinus irrigation versus sinus irrigation followed by 
functional endoscopic sinus surgery: a randomized prospective trial in 
patients with chronic maxillary sinusitis

Abstract
Sinus irrigation is the traditional treatment for chronic maxillary sinusitis. Functional 
endoscopic sinus surgery (FESS) restores aeration and allows secretions to be removed 
from an infected sinus. This study compares the efficacy of sinus irrigation with that of 
sinus irrigation followed by FESS in 89 patients. We measured the effects by way of sinus 
radiographs, nasendoscopic findings and patient complaints. When we analyzed the data 
in terms of intent to treat, we found significantly favorable results for sinus irrigation fol
lowed by FESS at the endpoint, though only for loss of smell and purulent rhinitis. 
Treatment consisting of sinus irrigation alone prevented additional sinus surgery in 58% of 
all patients for one year. Both treatment methods were combined with a 10-day course of 
loracarbef, which might have contributed to the outcome. We conclude that a good option 
for treatment of chronic maxillary sinusitis seems to be sinus irrigation in combination 
with a broad-spectrum antibiotic prior to FESS.

Introduction
The traditional treatment for chronic maxillary sinusitis is irrigation and removal of 
inflammatory products [1]. Over the last decade functional endoscopic sinus surgery 
(FESS) - as described by Kennedy et al. [2, 3], Stammberger [4, 5], and Schaefer et al.[6] 
- has gained popularity, both in Europe and the United States, as a treatment for chronic 
maxillary sinusitis. This surgical approach is aimed at restoring the so-called “sinus cycle” 
[7, 8]. In a normal healthy sinus, the continual secretion is constantly removed from the 
sinus by cilia on the mucosal epithelia. Mucosal swelling may occur in the ostio-meatal 
region when the mucosa becomes irritated after an allergic reaction or in response to air 
pollution, for instance, or when a viral infection or a rhinitis sets off an inflammatory 
reaction. In any event, the swelling can block the maxillary ostium. Because of anatomic 
variations, especially in the size of the natural ostium, such blockage will occur more often 
in some patients than in others. It leads to pooling of secretion, ciliary dysfunction, a 
decrease in the oxygen content of the sinus, and a simultaneous increase in its carbon 
dioxide content. These conditions allow bacteria to flourish and thus set the stage for an
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inflammatory process. This vicious circle can be broken by restoring aeration and drainage 
of the sinus. This is considered to be the most important therapeutic method. Aeration and 
drainage can both be surgically restored by widening the ostium, e.g. by FESS [2, 3]. This 
technique has been effective in controlled experiments with rabbits9, while patency rates 
of up to 94% have been reported in humans [10-12], Interestingly enough, before the 
introduction of FESS, many other approaches were being used to treat maxillary sinus 
disease, including sinus irrigation [13, 14]. Yet sinus irrigation, one of the most 
fundamental of the “old” techniques, has never been compared with sinus irrigation 
followed by FESS.
Chronic maxillary sinusitis usually includes a poly-microbial bacterial infection [15, 16]. 
Therefore, it seems beneficial to combine surgical intervention with a course of 
antibiotics. If the types of bacteria causing sinusitis are unknown, it is best to use broad- 
spectrum antibiotics. Loracarbef was chosen for this study, since it is a broad-spectrum 
antibiotic with proven efficacy on bacteria isolated from patients with upper respiratory 
tract infections [17, 18].

In this study, we compare the efficacy of sinus irrigation and sinus irrigation followed by 
FESS in adult patients with chronic maxillary sinusitis in a prospective, randomized 
setting.

Materials and methods
This prospective, randomized clinical trial included 89 adult outpatients of 15 
otolaryngologists from the Oto-Rhino-Laryngology departments of 13 hospitals in the 
Netherlands. The trial lasted three years, from March 1992 to April 1995. All patients were 
diagnosed as having chronic maxillary sinusitis but were otherwise healthy. Patients with 
frontal, ethmoidal, or sphenoidal sinus pathology, patients with nasal or ethmoidal polyps, 
patients with other chronic diseases or immunodeficiencies, and patients who had 
previously had surgical treatment for their sinusitis (e.g. Caldwell-Luc procedure or 
ethmoidectomy) were excluded from this study. Furthermore, patients with sinusitis that 
might have been caused by a septal deviation were also excluded. None of the participants 
were allowed to take concomitant medication with anti-inflammatory efficacy. The 
symptoms exhibited at the start of the study included purulent rhinitis, nasal obstruction 
and headache; at least two of these three symptoms were obligatory for entry into the 
study. Participants also reported a loss of their sense of smell, the onset of snoring and a 
dry mouth upon waking up. The clinical diagnosis of maxillary sinusitis had to be
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confirmed on sinus radiographs. For this technique, the ailment was defined by the 
presence of at least one of three features: complete opacity; fluid level; or mucosal 
swelling reaching at least halfway to the medio-lateral line of the maxillary sinus. To 
qualify for entry each patient had to have been ailing for at least 3 months. In addition, all 
patients had to be off antibiotics for at least 4 weeks prior to inclusion. After informed 
consent had been obtained, each patient was randomly assigned to one of two treatment 
groups: sinus irrigation (group A) or sinus irrigation followed by FESS (group B). The 
patient characteristics at baseline are shown in Table 1.

Study procedures
At every visit, the investigators recorded the patients complaints (purulent rhinitis, 
snoring, obstruction of the nose, headache, dry mouth upon waking up, and loss of smell). 
During the visit, nasendoscopy was performed and the nose was cleaned by removing 
crusts and secretion. At the start of the study, a sample of sinus fluid was obtained during 
antroscopy from all patients for aerobic and anaerobic bacterial culture. Each patient was 
seen for follow-up after 1, 2, 6, 12, and 52 weeks. At each visit, nasendoscopy was 
performed and the presence of mucosal swelling and nasal secretion was semi- 
quantitatively assessed on a 4-point scale (l=none, 2=minimal, 3=moderate, and 
4=severe). The investigators also recorded the presence of purulency under the middle 
turbinate. The list of patient complaints was reviewed at each visit and checked off as 
present or absent. Patients assigned to group A could get a second sinus irrigation after one 
week, if deemed necessary clinically. For patients assigned to group B, FESS was 
performed within 3 days after enrollment. After 12 weeks, a second sinus radiograph was 
made. One year after inclusion in the study, the patients were asked to return for a long
term follow-up visit. Antibiotic therapy (loracarbef, 10 days 2dd 400mg) was started for 
each patient on the day they were enrolled in the study. Patients were considered to be 
evaluable when they met the inclusion and exclusion criteria, after completing the 10-day 
course of antibiotics, and after a follow-up of at least 12 weeks had taken place. Evaluable 
patients were classified according to the definitions specified in the note to Table 2.

Surgical procedure
After local anesthesia of the nasal mucosa with cocaine flakes (200 mg) in combination 
with adrenaline drops (1:1000), the lateral nasal wall was injected anterior to the uncinate 
process with a solution of lidocaine 1% and adrenaline 1:100,000. With a small curved 
knife, an incision was made just anterior to the uncinate process, cutting downwards from
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above. Using a biting forceps, the uncinate process was tom out bluntly. The ostium of the 
maxillary sinus was localized. With a biting forceps, the ostium of the maxillary sinus was 
enlarged posteriorly. This maneuver was necessary to open and remove the ethmoid bulla. 
With a back-biting forceps, the ostium of the maxillary sinus was also enlarged in an 
anterior direction. The whole procedure was performed under the control of a rigid nasal 
endoscope.

Statistical methods
The results of this study were statistically analyzed for significant differences between the 
two treatment groups. Fisher’s exact test was used to analyze the differences between 
outcomes according to the set definitions for evaluability and to assess the results of the 
radiographs. The patient complaints and the nasendoscopic findings were analyzed with 
the two-sample F test. This test is used for comparing two-population variances. Outcomes 
in both groups were compared at baseline and after 2, 6, 12, and 52 weeks of follow-up. 
Also an intent to treat (Last Observation Carried Forward) analysis was done for both 
nasendoscopic findings and patient complaints using the two-sample F test.

This study was performed and monitored in accordance with the European guidelines for 
Good Clinical Practice [19]. The study protocol was approved by the local medical ethical 
committees (IRBs) at all participating hospitals. Informed consent was obtained from all 
patients before they were enrolled in the study.

Results
We started this trial with a total of 89 patients: 45 in group A (sinus irrigation only) and 44 
in group B (sinus irrigation followed by FESS). The two treatment groups were 
comparable in size, sex, weight, antibiotic use before study start, known allergies, and 
average duration of complaints (Table 1). Seventy seven (77) patients turned out to be 
evaluable for efficacy analysis according to the criteria mentioned in the note to Table 2. 
The efficacy results of these patients are depicted in Table 2.

A total of 14 patients were lost for follow-up during the study: 6 from group A and 8 from 
group B. Table 3 shows the objective results, as obtained by nasendoscopy, on the efficacy 
of both treatment methods for all patients. The subjective results, as shown by the 
complaints reported by the patients, are depicted in Table 4. Table 3 and 4 show baseline 
values and changes from baseline after 2,6,12, and 52 weeks. The objective and subjective
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results could not always be obtained from all patients at each visit, for several reasons (e.g., 
patient cooperation was needed to perform nasendoscopy). This explains the difference in 
patient numbers in the overview of visits in Table 3 and 4. The results of the intent to treat 
analysis (Last Observation Carried Forward) are shown in these tables. In the first week 
after treatment, one patient of group B required additional treatment for a dentogenic 
sinusitis that might had been present from start. This patient therefore was left out of the 
LOCF efficacy analysis. At diverse points in time, no statistically significant differences 
(p<0.05) were found between the two treatment groups. Only the differences of the patient 
complaints of purulent rhinitis (p=0.027) and the loss of smell (p=0.026) were statistically 
significant in the intent to treat analysis.

Figure 1 shows the severity of mucosal secretion and the presence of purulency under the 
middle turbinate as assessed by nasendoscopic examinations performed at baseline and 
after 2,6,12, and 52 weeks follow-up. Statistical analysis (two-sample F test) of the results 
at the different points in time, and the intent to treat analysis (Last Observation Carried 
Forward) did not show any significant difference between the two treatment methods at the 
p<0.05 level.

Figure 2 shows the results of two patient complaints, namely purulent rhinitis and loss of 
smell recorded at baseline and after 2, 6, 12, and 52 weeks follow-up. Both complaints 
improved after treatment. Statistical analysis of the results at baseline and after follow-up 
did not reveal significant differences between the two treatment groups. The intent to treat 
analysis (Last Observation Carried Forward) showed a statistically significant difference 
between the treatment groups for both purulent rhinitis and loss of smell. The presence of 
purulent rhinitis decreased from 91% to 40% after sinus irrigation and from 86% to 16% 
after sinus irrigation followed by FESS (p=0.027). The incidence of loss of smell 
decreased from 49% to 18% for sinus irrigation and from 51% to 11% for sinus irrigation 
followed by FESS (p=0.026). The results of sinus radiographs taken at baseline and after 
12 weeks follow-up are presented in Table 5.

No major surgical complications were reported. One patient did complain of numbness 
following antroscopy. For this patient, antroscopy was performed through the canine fossa. 
The numbness disappeared after a few weeks. In one case, antroscopy could not be 
performed due to the thickness of the lateral nasal wall. A total of 20 patients reported 
adverse events during the course of antibiotic treatment (6 rash/allergic reactions, 9 gastro
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intestinal complaints, 2 headaches, 1 dizziness, 1 tiredness, and 1 loss of smell). All events 
were mild and transient. The complaints disappeared spontaneously after the end of the 
treatment course. No medical interventions were deemed necessary for treatment of any of 
these events. All patients completed the 10-day course of loracarbef.

In a total of 13 cases in group A, a second sinus irrigation was performed after one week. 
Due to lack of efficacy, additional surgery was necessary in 15 patients. Of these patients, 
13 were from group A. Nine of them underwent FESS: 1 after 2 weeks, 2 after 6 weeks, 2 
after 3 months, and 4 after one year. Two of the 13 had antrostomies under the inferior 
turbinate: one after 6 weeks, and the other after 3 months. And 2 had unspecified surgical 
interventions: one after 6 weeks, and the other after 3 months. The remaining 2 patients of 
the 15 were from group B. Both of them repeated FESS after 3 months.

The results of the bacteriological cultures showed bacterial strains to be present in 81% of 
all samples taken at the start of the study. An average of 1.9 different strains were cultured 
per sample. A total of 29% of all samples contained anaerobic bacteria, 5% pure anaerobic, 
and 24% mixed aerobic/anaerobic. Pure aerobic cultures were found in 52% of all 
samples 18. The two treatment groups did not differ with regard to the results of the 
bacteriological cultures.

Discussion
Functional endoscopic sinus surgery (FESS) has increased in popularity ever since it was 
introduced in the late 1970s [20]. The comprehensive studies and fundamental 
considerations published by Stammberger, Stammberger and Posawetz, and Kennedy et al. 
contributed to its popularity [2-5, 21], FESS is based on the pathophysiology of sinusitis 
where both aeration and drainage through the ostium are impaired, or where the ostium is 
completely blocked. The mucosal clearance pattern in the sinus is highly specific and 
requires effectively functioning cilia [7, 9]. Antrostomy at different locations in the lateral 
wall of the maxillary sinus has been found to disturb this clearance pattern. Experiments 
in rabbits show that FESS in sinuses that are not totally blocked resulted in a typically 
imperfect clearance pattern, even though mucociliary clearance redeveloped [22], Some 
risks associated with FESS have been reported. According to Stammberger and Posawetz 
[21], and Maniglia [23], this technique needs to be kept in the hands of well trained 
physicians; it should not be used on all patients in just any clinical setting. Many results of 
this technique have been published with patency rates between 80% and 98% [10-12, 24].
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According to the definitions of cure and late cure, as given in the note to Table 2, a total 
cure rate of 32% was found in patients treated by sinus irrigation followed by FESS, 
compared to 22% in the other group. The number of patients who could not be evaluated 
due to lack of efficacy was much lower in the group on which FESS was performed (1 
compared to 6). These findings seem to indicate a better efficacy for sinus irrigation 
followed by FESS, although the figures are not statistically significant. The total cure rate 
of 22% for patients treated by only sinus irrigation cannot be explained by the possibility 
of spontaneous cure in chronic sinusitis, as described by Mann and Jonas [25]. The 
population they described consisted of 15 patients with “a long-lasting sinusitis”, 
headache, secretion, and abnormal radiographic findings. Based on this description, it is 
difficult to compare this population with the group of patients we studied. All patients in 
our study had been suffering from sinusitis for a long time (on average more than 30 
months) and most of them had been treated by antibiotics before. A spontaneous cure 
would therefore be unlikely. The efficacy of sinus irrigation might be explained by the 
regenerating capacity of the sinus mucosa, in combination with the reported finding that 
bacteria are located in sinus secretion and not in the mucosa [26], Sinus irrigation to clear 
the sinus of secretions would thus remove the bacteria from the sinus. The antibiotic that 
was given to all patients in our study could have killed any remaining bacteria. This might 
have been sufficient for a number of patients to allow the sinus mucosa to restore itself and 
thus relieve the patients of the signs and symptoms of sinusitis.

As far as we know, no comparison between FESS and sinus irrigation has ever been 
reported. In our study, all patients showed good overall improvement after 12 weeks of 
follow-up. Improvements in nasal obstruction, headache, rhinitis, loss of smell, dry mouth 
upon waking up, and snoring were reported by a majority of patients in both treatment 
groups. Nasendoscopic findings improved in both treatment groups during the one-year 
follow-up. It is unclear why the intent to treat analysis of two patient complaints - purulent 
rhinitis and loss of smell - shows statistically significant differences between the two 
treatment groups. These findings are not supported by the other measurements, e.g. 
obstruction of the nose and mucosal swelling. The sinus radiographs confirmed the 
observed and reported improvement of signs and symptoms of sinusitis. After 12 weeks of 
follow-up in the group of patients treated by only sinus irrigation, opacity and fluid level 
were no longer visible on the sinus radiographs. The incidence of opacity and fluid level on 
sinus X-rays in the group of patients treated by sinus irrigation + FESS was much lower 
after 12 weeks of follow-up. The presence of mucosal swelling on the sinus X-ray
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decreased in both treatment groups, although the swelling did not disappear after 12 weeks 
of follow-up. Seven (7) of the 8 patients who were treated by sinus irrigation only and who 
fulfilled the criteria for cure and late cure had normal radiographs after 12 weeks of 
follow-up; the remaining patient still had mucosal swelling. There were 13 patients who 
were treated by sinus irrigation followed by FESS and fulfilled the criteria for cure and late 
cure. Of these 8 had normal radiographs after 12 weeks of follow-up, 4 still had mucosal 
swelling and 1 showed complete opacity. It has been demonstrated in previous studies that 
the correlation between radiographic findings and the presence of clinical signs and 
symptoms is less than 100%. Our results are in line with these findings [27, 28],

In this study, a total of 20 patients reported adverse events during the course of the anti
biotic. A meta-analysis of clinical trials comparing safety and efficacy of loracarbef with 
several other antibiotics has shown that one or more adverse events had been reported by 
26% of all patients treated with loracarbef and by 29% of all patients treated with 
comparator antibiotics [17], The number of adverse events reported during the course of 
loracarbef taken by all patients in this study (20/89 = 22%) is in line with the numbers 
reported in previous studies.

The patients treated by sinus irrigation only (group A) needed additional surgical 
interventions in 13 out of 45 cases, compared to 2 out of 44 in the other group. The other 
32 patients in group A required no further treatment for their sinusitis (22) or were free of 
the signs and symptoms of sinusitis after one year of follow-up (4). Six (6) patients were 
lost for follow-up. Thus, in 26 out of 45 cases (58%), sinus irrigation proved to prevent the 
need for additional sinus surgery within one year. This figure is much higher than the 36% 
of all patients treated by repeated sinus irrigation for whom additional surgery was not 
necessary, as reported by Bertrand and Eloy [29], This difference might be due to the 
combined treatment by sinus irrigation and antibiotics that we used in our study. In the 
study reported by Bertrand and Eloy the patients were treated by repeated daily sinus 
irrigation for 21 days, while no antibiotics were prescribed. The antibiotic might be 
essential in destroying any bacteria left after sinus irrigation. This, in turn, would remove 
the inflammatory stimuli raised by the presence of bacteria in the sinus.

The long-term efficacy of both treatment methods does not seem to differ much from the 
short-term (12-week of follow-up) results. In the group of patients treated by sinus 
irrigation and FESS, 4 of the 13 cured patients suffered from a clinical relapse during the
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one-year follow-up. After one year of follow-up the 8 patients who were considered cured 
after treatment by sinus irrigation alone still did not show any signs or symptoms related 
to sinusitis. However, the 4 cases of recurrence after endoscopic sinus surgery clearly 
demonstrate the need for long-term follow-up, even when a total cure has been achieved 
within 3 months after treatment.

Conclusions
Sinus irrigation and sinus irrigation followed by FESS both lead to overall improvement in 
the signs and symptoms of chronic sinusitis in this clinical trial. Direct comparison of the 
results of both treatment methods shows a tendency toward favorable results after sinus 
irrigation followed by FESS. This tendency can be seen in the intent to treat analysis on all 
endpoints, although it is only statistically significant (p<0.05) for improvement in purulent 
rhinitis and loss of smell. However, given the risks associated with endoscopic surgery and 
in light of our finding that treatment by sinus irrigation only prevented additional surgery 
in 58% of all patients in this study, we conclude that sinus irrigation is still a suitable treat
ment for patients with sinus disease that is limited to the maxillary sinus. Simultaneous 
antibiotic therapy seems to be beneficial in both treatment methods. Our recommendation 
for treating patients with chronic maxillary sinusitis would therefore be to take a two-step 
approach. The first step would be to treat patients by performing sinus irrigation and 
prescribing a course of a broad-spectrum antibiotic. If the results of this treatment are 
unsatisfactory, the second step would be to perform additional sinus surgery, specifically 
FESS.
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Table 1. Patient demographics at baseline.

Sinus irrigation Sinus irrigation
+ FESS

Sex male 22 22
female 23 22

Age (years) average 38 35
SD 13.5 13

Weight (kg) average 71 75
SD 10.4 16.3

Antibiotic prescribed before study No 11 12
Yes 34 31

time before study (months) (1-24) (1-18)

Patients with known allergies No 32 34
Yes 13 10

Duration of complaints (months) average 31 38
SD 43.2 63.6
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Table 2.
Results of sinus irrigation and sinus irrigation followed by FESS according to definitions.

Total number of patients

Sinus irrigation

45

Sinus irrigation + FESS

44

Non-Evaluable 9 3
early drop-out due to treatment failure 6 1 (p = 0.110)*
other reason 3* 2®

Evaluable 36 41
cure 4 6
late cure 4 7

Total Cure 8 (22%) 13(32%) (p = 0.444)*

Relapse 2 1

Failure 28 28

Recurrence at wk 52 0 4
lost to follow-up at wk 52 2 4

* 2 patients lost to follow-up after wk 6, 1 patient missed visit at wk 12.
® 2 patients lost to follow-up after wk 6.

Fisher’s exact test

Note:
Evaluable: Adherence to inclusion and exclusion criteria; 10 days of antibiotic therapy completed; 
visit at wk 12 completed.
Cure: Completely recovered 6 weeks after treatment. Elimination of clinical signs and symptoms of 
chronic sinusitis with no recurrence within 12 weeks post therapy. No extra medical help is given 
(pain medication was allowed during the first 2 weeks).
Late cure: Improvement 6 weeks after treatment. Elimination of clinical signs and symptoms of 
chronic sinusitis and no recurrence within 12 weeks post therapy. No extra medical help is given 
(pain medication was allowed during the first 2 weeks).
Relapse: Completely recovered 6 weeks after treatment. Worsening of clinical signs and symptoms 
of chronic sinusitis within 6 weeks after complete recovery. Medical intervention is necessary. 
Failure: Partial or no improvement 6 weeks after treatment. Extra medical help (including antibiotic 
therapy) is given within 12 weeks after therapy.
Recurrence: After complete recovery within 12 weeks new signs and symptoms of sinusitis are 
diagnosed.
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Table 3. Nasendoscopic findings, results of all patients at baseline, and changes from baseline 
after 2, 6,12, and 52 weeks of follow-up.

Sinus irrigation Sinus irrigation + FESS

Mucosal swelling
n* mean SEM‘ n mean SEM p value* avg.scores

Baseline 45 2.82 0.10 43 2.86 0.09 0.306 l=none
A2 42 -1.02 0.14 41 -1.02 0.14 0.453 2=minimal
A 6 41 -0.90 0.17 41 -1.27 0.14 0.134 3=moderate
A 12 35 -1.06 0.16 40 -1.25 0.13 0.194 4=severe
A 52 30 -1.10 0.20 34 -1.47 0.15 0.092

LOCF 45 -0.91 0.16 43 -1.43 0.13 0.097
endpoint'

Secretion
n mean SEM n mean SEM p value avg.scores

Baseline 45 3.02 0.13 43 2.91 0.12 0.322 1=none
A2 42 -1.36 0.15 41 -1.10 0.16 0.352 2=minimal
A 6 41 -1.17 0.17 41 -1.10 0.19 0.279 3=moderate
A 12 35 -1.31 0.19 40 -1.35 0.18 0.477 4=severe
A 52 30 -1.27 0.21 34 -1.44 0.16 0.166

LOCF 45 -1.09 0.17 43 -1.40 0.14 0.132
endpoint

Purulencv under middle turbinate
n mean SEM n mean SEM p value % of all pts

Baseline 45 82% 6% 43 81% 6% 0.452
A2 42 -69% 7% 41 -73% 7% 0.395
A6 41 -63% 8% 41 -71% 8% 0.380
A 12 35 -71% 8% 40 -63% 9% 0.074
A 52 30 -53% 10% 34 -71% 8% 0.120

LOCF 45 -56% 8% 43 -74% 7% 0.085
endpoint

* number of patients
+ Standard Error of the Mean
* two-sample F test sinus irrigation versus sinus irrigation + FESS 

Last Observation Carried Forward
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Figure 1. Nasendoscopy findings, mucosal swelling and purulency under middle turbinate, 
results of all patients at baseline, and after 2, 6, 12, and 52 weeks follow-up.
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Figure 2. Patient complaints (purulent rhinitis and loss of smell) reported at baseline and 
after 2, 6, 12, and 52 weeks follow-up.
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Table 4. Patient complaints reported at baseline and changes from baseline after 2, 6,12, and 
52 weeks follow-up, as % of all patients.

Sinus irrigation Sinus irrigation + FESS

Purulent rhinitis
n* mean SEM* n mean SEM p value’

Baseline 45 91% 4% 43 86% 5% 0.099
A 2 42 -71% 7% 41 -49% 9% 0.114
A6 42 -57% 9% 41 -63% 8% 0.115
A 12 37 -76% 7% 40 -60% 8% 0.214
A 52 31 -52% 12% 35 -71% 8% 0.015

LOCF
endpoint~

45 -51% 9% 43 -70% 7% 0.027

Snorins
n mean SEM n mean SEM p value

Baseline 45 33% 7% 43 47% 8% 0.354
A2 42 -24% 7% 41 -29% 8% 0.138
A6 42 -17% 8% 41 -34% 9% 0.334
A 12 37 -19% 9% 40 -35% 9% 0.251
A 52 31 -19% 9% 35 -37% 9% 0.226

LOCF
endpoint

45 -16% 6% 43 -35% 8% 0.074

Obstruction of the nose
n mean SEM n mean SEM p value

Baseline 45 89% 5% 43 91% 5% 0.306
A2 42 -71% 7% 41 -63% 8% 0.341
A 6 42 -48% 9% 41 -68% 8% 0.205
A 12 37 -57% 9% 40 -65% 8% 0.199
A 52 31 -68% 9% 35 -71% 8% 0.417

LOCF
endpoint

45 -56% 8% 43 -72% 7% 0.116

Fleadache
n mean SEM n mean SEM p value

Baseline 45 89% 5% 43 81% 6% 0.081
A2 42 -52% 8% 41 -51% 9% 0.147
A6 42 -60% 8% 41 -56% 9% 0.260
A 12 37 -78% 7% 40 -55% 9% 0.046
A 52 31 -65% 10% 35 -74% 8% 0.111

LOCF
endpoint

45 -64% 8% 43 -72% 7% 0.160
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Table 4. (continued).

Sinus irrigation Sinus irrigation + FESS

Drv mouth unon wakine un
n mean SEM n mean SEM p value

Baseline 45 53% 8% 43 65% 7% 0.385
A2 42 -38% 9% 41 -32% 9% 0.435
A 6 42 -26% 8% 41 -42% 10% 0.094
A 12 37 -14% 9% 40 -45% 10% 0.145
A 52 31 -48% 10% 35 -40% 10% 0.376

LOCF 45 -38% 9% 43 -42% 10% 0.448
endpoint

Loss of smell
n mean SEM n mean SEM p value

Baseline 45 49% 8% 43 51% 8% 0.498
A2 42 -43% 8% 41 -39% 9% 0.159
A6 42 -21% 10% 41 -46% 8% 0.062
A 12 37 -38% 10% 40 -45% 8% 0.157
A 52 31 -39% 11% 35 -40% 8% 0.115

LOCF 45 -31% 10% 43 -40% 8% 0.026
endpoint

* number of patients
+ Standard Error of the Mean
* two-sample F test sinus irrigation versus sinus irrigation + FESS 
~ Last Observation Carried Forward

72



The efficacy of sinus irrigation

Table 5. Sinus radiograph evaluations of all patients at baseline and after 12 weeks follow-up, 
as % of all patients and (number of total).

Sinus irrigation Sinus irrigation + FESS

baseline wk 12a baseline wk 12b

Complete opacity 56%
(25/45)

0%
(0/35)

50%
(22/44)

11%
(4/37)

p=0.115*

Fluid level 31%
(14/45)

0%
(0/35)

27%
(12/44)

5%
(2/37)

p=0.493*

Mucosal swelling* 62%
(28/45)

37%
(13/35)

68%
(30/44)

41%
(15/37)

p=0.812

Normal X-sinus 0%
(0/45)

63%
(22/35)

0%
(0/44)

51%
(19/37)

p=0.351*

# mucosal swelling was defined as a swelling of at least half of the medio-lateral 
diameter of the maxillary sinus.

a sinus X-rays were obtained after 12 weeks for 35 of the 36 evaluable patients. 
b sinus X-rays were obtained after 12 weeks for 37 of the 41 evaluable patients.
* Fisher’s exact test wk 12 sinus irrigation versus sinus irrigation + FESS.

73





CHAPTER 5

Microbiology of chronic maxillary sinusitis in adults: 

isolated aerobic and anaerobic bacteria and their 

susceptibility to twenty antibiotics

Acta Otolaryngologica (Stockholm) 1995; 115: 672-677 
B. Hartog, XE. Degener, REG. van Benthem and GJ. Hordijk



Chapter 5



Microbiology of chronic maxillary sinusitis in adults

CHAPTER 5

Microbiology of chronic maxillary sinusitis in adults: isolated aerobic 
and anaerobic bacteria and their susceptibility to twenty antibiotics

Abstract
In a comparative study on the efficacy of two surgical treatment procedures 90 patients 
diagnosed with chronic maxillary sinusitis received antimicrobial prophylaxis. Maxillary 
sinus fluid samples were taken from these 90 patients before the initiation of antimicrobial 
prophylaxis, and were cultured for aerobic and anaerobic bacteria. In 81% of all samples 
bacterial growth was present. Anaerobic bacteria were present in 29% of the cases (5% 
pure anaerobic and 24% mixed aerobic and anaerobic). Predominant aerobic bacteria were 
staphylococci, in 42% of all samples (mainly coagulase negative-), and streptococci 
(32%). Predominant anaerobic bacteria were Propionibacterium species (18%) and gram 
negative rods (9%). The antimicrobial susceptibility was determined for 20 antibiotics and 
the ß-lactamase production was investigated. The prevalence of ß-lactamase producing 
bacteria was unexpectedly high (isolated from 36% of all patients). The findings in this 
study indicate that not all antimicrobial agents used for upper respiratory tract infections 
are suitable for treatment of this group of patients when the susceptibility of bacteria 
present in sinus fluid is taken into account. The high prevalence of ß-lactamase producing 
bacteria could be of influence to the course of the disease, due to the breakdown of 
antibiotics by such strains. Recommendations are given for criteria to use when choosing 
antimicrobial agents to treat the bacterial infection in patients with chronic maxillary 
sinusitis.

Introduction
Though it has been shown that spontaneous cure rates can be found of up to almost 80% in 
acute sinusitis and of up to more than 60% in chronic sinusitis [1], the role bacteria play in 
chronic sinusitis remains subject of many investigations. Antimicrobial agents are an 
important tool in the treatment of maxillary sinusitis. Overviews of bacteria found in 
patients suffering from chronic maxillary sinusitis have been given by several authors [2- 
6]. In most of these studies between 70 and 90% of patients have bacteria present in their 
sinus fluid samples. The importance of anaerobic bacteria is currently considered to be 
high. Previous investigations report that the number of patients with anaerobic bacteria in 
their sinuses varies from 6 to 100 %, depending on the methods used to collect, transport
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and culture the sinus fluid samples [4]. The predominant pathogens found in patients with 
chronic maxillary sinusitis are different in all studies described. The results vary from 
aerobic staphylococci, streptococci, and Haemophilus influenzae, to anaerobic 
Bactewides species, streptococci and peptostreptococci. [2-5, 7-10], The definition of 
patient groups is very important in clinical investigations of chronic maxillary sinusitis 
[6]. There is a clear difference in the types of bacteria that can be isolated from patients 
with acute vs. chronic sinusitis with a shift to more resistant strains and enterobacteriaceae 
being isolated from patients with chronic sinusitis [ 11 ]. It is not clear from previous studies 
whether the prevalence of certain types of bacteria in sinus fluid samples actually changed 
during the past decades, as suggested by van Cauwenberge et al. [3]. It is also possible that 
regional differences exist between bacteria isolated from patients with sinusitis. This could 
explain the different results reported in several studies from around the world.
In the past decade many new antibiotics have been introduced for the treatment of sinusitis. 
These antibiotics are either more specific for certain groups of bacteria (’’small spectrum”) 
or they are ’’broad spectrum” and suitable for the treatment of many different types of 
bacteria.
The aim of this study is to describe the current situation in the Netherlands with regard to 
bacteria present in sinus fluid from patients with chronic maxillary sinusitis, and the 
susceptibility of the isolated bacteria to twenty antimicrobial agents commonly available 
for upper respiratory tract infections.

Materials and methods
For this study 90 adult outpatients were included by 15 investigators from the Ear, Nose 
and Throat outpatient departments of 13 hospitals in the Netherlands in the period from 
March 1992 to March 1994. All patients were diagnosed with chronic maxillary sinusitis 
and otherwise healthy. These patients were included in a comparative clinical trial on two 
surgical procedures for the treatment of chronic maxillary sinusitis. In order to be eligible 
for this trail patients had to be 18 years of age or older. The average age was 36, (median 
36, range 18-71). Patients with other chronic diseases or immunodeficiencies were 
excluded. Symptoms present included purulent rhinitis, nasal obstruction and headache (at 
least two of these three had to be present), loss of smell, snoring and dry mouth at wake- 
up. The diagnosis of maxillary sinusitis was confirmed on sinus X-rays, as defined by the 
presence of at least one of the following features: complete opacity of the maxillary sinus; 
fluid level in the maxillary sinus or mucosal swelling covering at least half the mediolateral 
size of the maxillary sinus. Patients with frontal sinus pathology were excluded. The
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course of the disease for each patient had to be at least 3 months in duration. In addition to 
this, all patients had to be without any antibiotic treatment for a period of at least 4 weeks 
prior to the inclusion date of the study. Samples of maxillary sinus fluid were collected 
from 89 patients fulfilling these criteria, while performing maxillary antroscopy. 
Antroscopy was performed either through the fossa canina or through the inferior meatus. 
In one case a sample could not be taken due to thickness of the lateral nasal wall.
The study was performed in accordance with the European Guidelines for Good Clinical 
Practice [12],

The sinus fluid samples were sent to the Public Health Laboratory, dept, of medical 
microbiology, Leeuwarden, the Netherlands, for microbiological assessment in Port A 
Cul® transport tubes. These tubes have been shown to preserve both aerobic and anaerobic 
strains in good condition for at least the first 48 h [13]. All samples were received by the 
laboratory within 24 h after being obtained, except for one that was lost. Microbiological 
assessments were started on the day of arrival of the sample at the laboratory.

All samples were cultured for the growth of aerobic and anaerobic specimens using 6 
different types of media (blood-, Saponine blood-, McConkey- and Schaedler-agar plates 
for aerobic cultures, Schaedler- and vancomycin-laked-agar plates for anaerobic cultures) 
and two types of broth (Serum broth for aerobic- and Schaedler broth for anaerobic 
cultures) according to standard methodology [14]. The microbial strains in the aerobic 
cultures were identified after an incubation period of 24 and 48 h. The anaerobic cultures 

were examined every 48 h for a period of 7 days.
The isolated strains then were stored at -70°C until all samples were collected and cultured. 
MIC determination was done at one time for all strains collected using the agar dilution 
method according to standard methodology [15], The antibiotics tested for were 
amoxicillin, amoxicillin/clavulanic acid (4:1), co-trimoxazol, cefaclor, doxycycline, 
cefuroxim, cefixim, loracarbef, cefdinir, and cefpodoxim, the macrolides erythromycin, 
clarithromycin, azithromycin, roxythromycin, and dirithromycin, and the quinolones 
norfloxacin, ofloxacin, ciprofloxacin, fleroxacin and lomefloxacin. The macrolides and 
quinolones were tested at concentrations of 0.06, 0.125, 0.25, 0.5 and 1.0 mg/1. The other 
antibiotics (penicillin- and cephalosporin type) were tested at concentrations of 0.03, 0.06, 
0.125, 0.25, 0.5, 1.0, 2.0, 4.0, 8.0 and 16.0 mg/1. For the different species the range of the 
MIC’s, and the MIC50 and the M1C90 were calculated. The MIC50 and the MIC90 are 
defined as the MIC inhibiting growth of 50% and 90% of the strains, respectively.
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Results
Sinus fluid samples of 88 patients arrived at the laboratory for culture. In 71 samples 
(81%) bacterial growth was present (Table 1). A total of 165 strains were isolated (average 
1.9 specimens per sample). Anaerobic bacteria were isolated in 29% of all samples, either 
alone (5%) or in combination with aerobic bacteria (24%). Only 23% of the patients had 
more than 2 different bacteriological strains present in their sinus fluid sample. All isolated 
aerobic and anaerobic bacteria are listed in Table 2. Predominant bacteria found were 
staphylococci in 42% of all patients (mainly coagulase negative-), streptococci (32%, 
mainly Streptococcus pneumoniae) and Propionibacterium species (18%). Furthermore 
Haemophilus influenzae was cultured from 14% of all samples and Moraxella catarrhalis 
in 7%. In 36% of all patients ß-lactamase producing strains were cultured.
The susceptibility of all isolated strains to the various antibiotics is shown in Tables 3a, b.

Most antibiotics tested, show different MICs to specific groups of bacteria. The penicillin- 
and cephalosporin-type antibiotics show on average low MICs for most groups of bacteria, 
except for the enterobacteriaceae. Most of the analysed antibiotics, have a low MIC50 and 
a high upper range and MIC90 for the Enterobacteriaceae. This means that for more than 
half of the Enterobacteriaceae growth is inhibited at low concentrations of these anti
biotics, while less than half need high concentrations for growth inhibition or are not 
sensitive to these antibiotics at all. The MIC90 of doxycycline for streptococci is much 
higher than the MIC50, this is mainly caused by the group of a-haemolytic streptococci, 
which are less sensitive to doxycycline than other streptococci.

Discussion
The results of this study are grossly consistent with the literature. A predominance of 
coagulase negative staphylococci has previously only been described by Maisel [10]. The 
presence of anaerobic bacteria in 29% of all patients as found in this study seems to be in 
mid range when compared to previous studies. The rather high prevalence of ß-lactamase 
producing bacteria found in this study (36%) has never been described before. Two studies 
have been published describing the bacterial flora in the maxillary sinuses of healthy 
volunteers. According to Sobin [16] non-inflamed sinuses are sterile and according to 
Brook [8] non-inflamed sinuses contain the same type of flora as infected sinuses. Brook 
found in this same study ß-lactamase producing strains in 3 out of 12 patients (25%). 
Although 2/3 of the ß-lactamase producing bacteria found in our study are coagulase
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negative staphylococci, which are considered to be part of the normal nasal flora and non- 
pathogenic, this could cause antibiotic failure. Even though the causative micro-organism 
might be sensitive to the antibiotic in vitro. If an antibiotic is broken down by the ß- 
lactamases produced by these bacteria in vivo, other bacterial strains could overgrow the 
sinus flora or, as recently described by Hoi et al. [17] pathogenic bacteria could be 
protected from the antibiotic by the ß-lactamase producing bacteria.

It might be interesting to stratify the results of this study based on X-ray findings 
“complete opacity”, “fluid level” or “mucosal swelling”. Although before this can be done 
the validity of sinus X-ray findings needs to be confirmed. As a result of this study we are 
currently performing a study on inter-rater variability in evaluating sinus X-rays.

The main reason for the variability in microbiological species cultured from patients 
diagnosed with sinusitis, as reported in previous studies, is supposed to be the result of the 
different inclusion criteria used. A clear difference in bacterial growth has been described 
for patients with acute vs. chronic sinusitis [11]. The many conflicting results described in 
previous studies (probably due to both different patient populations and different isolation 
methods used) make it difficult to analyse a change in prevalence of certain types of 
bacteria in history. The high prevalence of Haemophilus influenzae strains and the 
increased prevalence described by Van Cauwenberge et al. in 1976 [3] could not be 
confirmed in our population. The number of patients with polymicrobial-infections in our 
population is rather low. Only Simoncelli et al. [7] reported polymicrobial infections in 
18% of patients with chronic maxillary sinusitis. The average number of specimens per 
culture (1.9 in our study) seems to be much lower than the average 2.8 specimens per 
culture reported by Brook and by Erkan et al. [2, 5]. This again could be the result of a 
different definition of the patient population since Brook included patients with sinusitis 
lasting for a minimum of only 3 weeks and excluded patients who used antibiotics in the 
week before the date of inclusion in the study. Erkan et al. included patients with a course 
of disease that lasted at least 4 weeks and who had not been using antibiotics prior to the 
start of the study. These criteria are not consistent with the current definition of chronic 
sinusitis as used in our study and as recently described by Melén [6].

The high number of staphylococci found in this study requires further investigations. We 
consider this unlikely to be caused by contamination of the samples, since these strains 
were found in patients with maxillary sinus fluid samples taken through the fossa canina
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and through the inferior meatus. In addition to this some of the samples contained 
staphylococci in too high numbers to be caused by contamination only.

The bacteria isolated from the patient population described in this study were, on average, 
most susceptible to penicillin- and cephalosporin-type antibiotics. This is most likely the 
result of the different modes of action of the four categories of antibiotics analysed in this 
study. The penicillin- and cephalosporin-type antibiotics inhibit a final step in bacterial 
cell wall synthesis in both gram positive and gram negative bacteria. The macrolides 
inhibit the formation of new peptide chains in most gram positive species and in only a few 
gram negative species. The quinolones inhibit DNA replication in gram negative bacteria 
and only the newer quinolones also affect some gram positive species. It seems therefore 
reasonable to conclude that, given the broad spectre of bacteria that can be isolated from 
patients with chronic maxillary sinusitis at this moment, penicillin- or cephalosporin-type 
antibiotics are preferable for this kind of patients.

Lundberg [18] reported that bacterial species encountered in sinusitis could only be found 
in the maxillary sinus fluid and not in sinus mucosa. This is an important finding, since 
there are some remarkable differences in penetration of antibiotics from plasma through 
sinus mucosa into sinus fluid. All antibiotics tested in this study achieve acceptable plasma 
concentrations. The sinus mucosa concentration is not always known for each of these 
antibiotics. There are not many data available on sinus fluid concentrations of antibiotics, 
although this might be the important clinical parameter to look for when deciding which 
antibiotic agent can best be used. For example cefaclor and azithromycin show sinus fluid 
concentrations of up to 0.41 mg/1 when administered at therapeutic dosages [19,20], while 
loracarbef can achieve sinus fluid concentrations of up to 1.1 mg/1 [21] and doxycycline 
even up to 2.3 mg/1 [22], It is not clear from previous reports whether there is a relation 
between plasma level, sinus mucosa level and sinus fluid level of antibiotic agents.

A wide variety of bacteria can be isolated from maxillary sinus fluid samples, taken from 
patients diagnosed with chronic maxillary sinusitis, with the following characteristics: (i) 
The number of Haemophilus influenzae strains is rather low as compared to previous 
reports. It could well be that Haemophilus influenzae is a strain to be found more in 
patients diagnosed with acute sinusitis, (ii) The number of staphylococci is high and not 
consistent with most of the previous studies. The clinical impact of this finding is not yet 
clear, (iii) The number of ß-lactamase producing strains is unexpectedly high. Especially
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many strains that are considered to be saprophytic were found to produce ß-lactamase. (iv) 
The number of enterobacteriaceae cultured from this group of patients (11%), together 
with the other pathogens isolated, indicates that the population described in this study is a 
selection of the more difficult patients to treat.

Two clinical approaches to treat the bacteriological infection of patients with chronic 
maxillary sinusitis seem to be possible. One would be to culture sinus fluid samples and 
use a small spectre antibiotic aimed at the isolated strain(s). The other would be to use a 
broad spectre antibiotic to make sure all possible pathogens (and saprophytics) are among 
the sensitive spectre. Based on the data reported in this study suitable candidates for the 
broad spectre treatment seem to be amoxicillin/clavulanic acid, cefdinir, cefpodoxim, 
cefuroxim and loracarbef. Given the facts that these patients suffer from a chronic illness 
and the pluriformity of the microbiology in this kind of patients we would recommend to 
be as precise as possible in both diagnosis and therapy. This would mean that one needs to 
culture sinus fluid samples first and aim antimicrobial therapy at the isolated strains. For 
the population described in this study, with on average almost 2 different bacterial species 
per sample, this would have resulted in the use of “broad spectrum” antibiotics.
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Table 1. Presence of bacteria, and number of strains, in maxillary sinus fluid samples taken 
from patients diagnosed with chronic maxillary sinusitis

Number of patients %

Bacterial growth present 71/88 (81%)
Mixed aerobic and anaerobic 21/88 (24%)
Pure aerobic 46/88 (52%)
Pure anaerobic 4/88 (5%)
No growth 17/88 (19%)

Number of strains per sample
none 17/88 (19%)

1 33/88 (38%)
2 18/88 (20%)

>2 20/88 (23%)

86



Microbiology of chronic maxillary sinusitis in adults

Table 2. Bacteria isolated from maxillary sinus fluid obtained trom patients diagnosed with 

chronic maxillary sinusitis

Total % samples 
(total = 88)

Staphylococci (total) 
Staphylococcus aureus <l0 

ß-lactamase pos. 
ß-lactamase neg. 

coagulase negative staphylococci 
ß-lactamase pos.(b) 
ß-lactamase neg.

Haemophilus influenzae (total)( 
ß-lactamase pos. 
ß-lactamase neg.

Actinomyces species 
Peptococcus species 
Peptostreptococcus species 
Propionibacterium species 
Eubacterium species 
Anaerobic Gram negative rods 
Veillonella species ______

37
9

6
4

9
20
7

29

12

1
1
1
16
2

10

42%
10%

7%
5%

33%
23%
8%

Streptococci (total)(0) 28 32%
1%
1%
13%
3%
1%
5%
7%
1%
1%

T/o

Streptococcus pyogenes
Streptococcus milleri
Streptococcus pneumoniae
Streptococcus oralis

1
1
11
3

Streptococcus viridans
Streptococcus sanguis
Streptococcus mitis
Streptococcus salivarius
Streptococcus equisimilis

Other Gram pos. cocci

1
4
6
1
1

6

Aerobic Gram pos. rods 10 11%

Neisseria species 4 5%

Moraxella catarrhalis (total) 6 7%
ß-lactamase pos. 
ß-lactamase neg.

Escherichia coli

4
2

2

5'
2'

2%

Klebsiella (total) 2 2%
1%
1%

2%
1%
1%

5%

Klebsiella oxytoca
Klebsiella pneumoniae

Enterobacter (total)

1
1

2
Enterobacter aerogenes
Enterobacter cloacae

Proteus mirabilis

1
1

4
14%

1%

1%

1%

18%
2%

9%
5%

1%
11%

One sample contained two biochemically different strains of S aureus, one beta-lactamase neg, one -pos 
lb) Two coagulase negative staphylococcus strains were not viable for beta-lactamase production test 
lcl One sample contained two different types of streptococci 
* One H influenzae strain was not viable for beta-lactamase production test
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CHAPTER 6

Validation of the use of sinus fluid samples in the clinical and 
microbiological diagnosis of maxillary sinus disease

Abstract
This study investigates the validity of needle aspirates of the maxillary sinus and sinus 
lavage fluid as indicators of maxillary sinus disease. Sinus lavage fluid samples (77) and 
needle aspirates (22) were obtained from 77 adults diagnosed with purulent maxillary 
sinus disease. Bacteriological cultures and Gram stained smears of all samples were 
analyzed. Smears of needle aspirates were indicative for the bacteriological culture result 
in 86% of all aspirates. Cultures of sinus lavage fluid matched needle aspirates in 73%. 
Presence of bacteria and leukocytes, or absence of bacteria and/or leukocytes, in smears of 
sinus lavage fluid matched positive, or negative, bacteriological cultures of needle 
aspirates in 86%. Gram stained smears proved useful to identify contaminating flora in 
sinus lavage fluid. We conclude that sinus lavage fluid can be used for diagnosing 
maxillary sinus disease. Bacteriological culture of sinus lavage fluid bears clinical 
relevance when the smear is indicative for an infection.

Introduction
The bacteriology of paranasal sinus disease is diverse. Many studies report a wide variety 
aerobic and anaerobic bacteria cultured from sinus fluid samples. Several reasons have 
been given for this variation: sampling, transport, and culture methods; patient selection; 
previous medical treatment; and duration and extent of disease. In most cases, bacteria 
cultured from sinus fluid in acute sinusitis in most cases are known pathogenic organisms 
(Haemophilus influenzae, Streptococcus pneumoniae and Moraxella catharrhalis). Yet in 
chronic sinusitis, the type of bacteria present in sinus fluid, is not usually limited to known 
pathogenic species. Many opportunistic species (e.g. anaerobic bacteria and many 
streptococci and staphylococci), are found in the cultures. The nasal cavity contains a great 
number of bacterial species that together form the endogenous flora of the nose [1]. These 
bacteria can colonize the maxillary sinus after closure of the maxillary ostium, usually as 
a result of mucosal swelling. This changes the environmental conditions to favor the 
growth of normally harmless bacteria [2-7]. In up to 91% of all patients suffering from 
maxillary sinus disease, pathogens cultured from sinus aspirates can also be cultured from
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endonasal samples of the same patient [8, 9]. Furthermore, it has been reported that 
endonasal flora of patients with verified sinusitis differs from endonasal flora of healthy 
subjects. The main difference is the increased presence of potential pathogens, namely 
Streptococcus pneumoniae, Streptococcus pyogenes, Haemophilus influenzae, and 
Moraxella catarrhalis [9].
In clinical practice, antral punctures performed to collect sinus fluid of patients with 
purulent sinus disease, often yield no positive results. In these cases sinus irrigation is the 
preferred way to obtain sinus fluid for a clinical and microbiological diagnosis. Sinus 
irrigation is performed by rinsing fluid (usually saline 0.9%) through the maxillary sinus. 
Sinus lavage fluid is collected through the nasal cavity and can be used for bacteriological 
culture. This method is likely to cause contamination with endogenous nasal flora, making 
interpretation of culture results difficult. The instructions for the collection of sinus fluid 
samples are very explicit in standard microbiological practice: “the only adequate 
specimen for proper laboratory diagnosis is a needle aspirate of the sinus cavity” and 
“sinus lavage fluid or swabs of the nares or nasopharynx should be rejected for culture” 
[10, 11]. Several authors recently identified antral puncture as the method of choice for 
sinus fluid collection [6, 12]. Yet no study on the correlation between bacteriological 
culture results of needle aspirates and sinus lavage fluid has ever been published. Nor has 
the use of Gram stained smears of sinus fluid to improve the validity of sinus fluid samples 
ever been investigated.

This report presents ways to improve the validity of sinus fluid samples in the clinical and 
microbiological diagnosis maxillary sinus disease. First, we study the relation between 
bacteriological culture results and the presence of bacteria and leukocytes in Gram stained 
smears of needle aspirates. This relation would make the presence of bacteria and 
leukocytes an indicator for bacterial growth in culture. If such a relation exists, smears of 
needle aspirates can be used for diagnosis and treatment selection. Next, we investigate the 
correlation between bacteriological culture results of needle aspirates (the golden 
standard) and the presence of bacteria and leukocytes in Gram stained smears of sinus 
lavage fluid samples of the same patient. If this relation can be demonstrated, it will be 
possible to use sinus lavage fluid samples in clinical practice. When the presence of 
leukocytes and bacteria in the smear of a sinus lavage fluid sample correlates with 
bacteriological growth in needle aspirates, culture results of samples without bacteria 
and/or leukocytes in the smear will most likely denote contamination of the sample. This 
could result in a different selection of treatment. As far as we know, Wald was the first and
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the only one to report a good correlation between Gram stained smears and bacteriological 
cultures of sinus aspirates in a study on acute sinusitis in children [13]. In this study a 
match between smears and culture results was found in 43 of 47 cases (91%). Wald 
reported two false-positive and two-false-negative smears, as compared to bacteriological 
culture results of needle aspirates. At that time this result had no clinical implications for 
the use of Gram stained smears in diagnosing sinus disease.

Materials and Methods
Two groups of patients were included in this study. Maxillary sinus fluid samples were 
obtained from 55 outpatients, 25 male and 30 female, in the age range of 15 to 81 years 
(average 43). These patients had been referred to the hospital for complaints related to 
purulent maxillary sinus disease. All 55 samples were obtained by means of sinus 
irrigation, 43 through the inferior meatus, 7 through the canine fossa, and 5 by an 
unrecorded route. Sinus irrigation was performed by rinsing fluid (saline 0.9%) through 
the maxillary sinus and collecting sinus lavage fluid via the nose. In the week preceding 
antral puncture, 17 patients had used antibiotics, and 23 patients had not; for the remaining 

15 patients this was unknown.
A second series of sinus fluid samples was obtained from another 22 patients, ranging in 
age from 29 to 62 years (average 44). They too had been referred for complaints related to 
purulent maxillary sinus disease. Two samples were obtained from each of these patients. 
One needle aspirate of the maxillary sinus was taken after decontamination of the lateral 
nasal wall. The other sample was taken by way of sinus irrigation. In total 77, sinus lavage 

fluid samples and 22 needle aspirates were obtained.
All samples were cultured in the same microbiological laboratory (FGCH). To exclude 
bias in the interpretation of culture results, the laboratory personnel was blind to the 

method of sampling.

Microbiological methods
Watery samples were centrifuged for 5 minutes at 3000 rpm (standard desktop centrifuge) 
prior to inoculation on the media. The samples were inoculated on the following aerobic 
media: blood agar, containing 6% defibrinated horse erythrocytes and 1 (g/ml aztreonam, 
chocolate agar (Oxoid CM 367), enriched with yeast extract and cysteine supplement, 
CLED-agar (Oxoid CM301); TSB (Oxoid CM129), when Gram positive rods were present 
in the Gram stains, the samples were also inoculated on fastidious anaerobic agar (LAB 
M90). Furthermore, the samples were inoculated on the following anaerobic media: NAY-
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agar (Oxoid CM619+supplement Oxoid SR107); NAT-agar (Oxoid CM619+supplement 
Oxoid SR 108); Wilkins Chalgren anaerobic broth with gentamicine 20(g/ml. The media 
were incubated aerobically for 48 hours in 5% C02 atmosphere and for 1 week 
anaerobically (Anaerocult, Merck) in both instances at 35 (C. All colony morphologies 
were subcultured and determined by routine bacteriological methods. A quantification was 
made as: +/- only growth in broth; + growth in first segment; ++ growth in two segments; 
+++ growth in three segments. In the first series of samples, all colonies observed in 
culture were determined. In the second series of samples, only colonies present in 
significant numbers (single isolate in first segment or growth in second/third segment) 
were determined.

Gram stained smears of the samples were made immediately following arrival in the 
laboratory and examined microscopically (magnification 10x100, oil immersion). 
Leukocytes and micro-organisms were recorded in numbers per field. If Gram positive 
rods were present in the Gram stains, a fastidious anaerobic agar was inoculated and 
cultured for 7 days.

Results
The two groups of patients were similar with regard to age range, extent of disease, and sex 
distribution. The presence of bacteria and leukocytes in the smear matched the bacterial 
growth in culture in 5 of 22 aspirates, while the absence of bacteria and/or leukocytes 
matched the absence of the bacterial growth in 14 of 22 aspirates. Thus, a match between 
smear and culture results was observed in 19 of 22 (86%) needle aspirates (Table 1). 
Culture results of sinus lavage fluid matched culture results of needle aspirates in 16 of 22 
cases (73%). A significantly higher proportion of bacterial growth was found in sinus 
lavage fluid samples than in needle aspirates (10/22 vs. 6/22) (Table 2a). The presence of 
bacteria and leukocytes in Gram stained smears of sinus lavage fluid, matched the culture 
results of needle aspirates from the same patients in 19 of 22 (86%) samples (Table 2b). In 
3 smears of sinus lavage fluid, the presence of bacteria and leukocytes in the smear 
matched the bacterial growth in culture of the needle aspirate. In another 16 smears of 
sinus lavage fluid, the absence of bacteria and/or leukocytes in the smears matched the 
absence of bacterial growth in culture of the needle aspirate.
The sensitivity and specificity of the different methods, as compared to the bacteriological 
culture results of needle aspirates, are shown in Table 3.
A correlation between bacterial growth in culture and the presence of bacteria and
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leukocytes in the smear, or absence of bacterial growth in combination with absence of 
bacteria and/or leukocytes in the smear, was found in 34 (10+24) of the 77 sinus lavage 
fluid samples. The bacteriological cultures of all sinus lavage fluid samples showed a large 
number (42/77) of samples with bacterial growth in culture, while bacteria and/or 
leukocytes were absent in the smears (Table 4).

Discussion
The nasal flora in healthy subjects is diverse and contains only small numbers of presumed 
sinus pathogens [1], There is still some debate on whether maxillary sinuses in healthy 
subjects are sterile or not [14, 15], but the general opinion now seems to be that the 
maxillary sinus is not sterile in a healthy state [6, 16], In patients with upper respiratory 
tract disorders, mucosal swelling can easily result in blockage of the maxillary ostium [17]. 
This causes environmental changes within the sinus, giving opportunistic bacteria the 
chance to colonize the sinus. Several studies have demonstrated a wide variety of bacterial 
species that can be cultured from mucopurulent sinus fluid samples [2, 4, 5]. This variety 
includes both known “pathogenic” and “non-pathogenic” organisms. The results of our 
present study are in line with such findings. Given the fact that the lining of mucosal 
epithelium of the nose continues into the maxillary sinus, such known “non-pathogenic” 
bacteria might well be the cause of bacterial infection in the maxillary sinus and thus be 
clinically relevant [8, 9],

In 86% of the needle aspirates obtained in our study, the presence of bacteria and 
leukocytes in Gram stained smears - or the absence of bacteria and/or leukocytes - matched 
bacteriological culture results. These results are comparable to the 91% match reported by 
Wald [13]. The clinical implication of this finding is that, for sinus fluid samples obtained 
by way of needle aspiration, it is possible to use Gram stained smears for diagnosis and 
empirical treatment selection. We found a 73% match between bacteriological culture 
results of sinus lavage fluid and culture results of needle aspirates of the same sinus. In 5 
out of 10 sinus lavage fluid samples with bacterial growth in culture, the bacteriological 
cultures of needle aspirates of the same sinuses were sterile (5 false-positive cultures). 
Since bacteriological culture of needle aspirates is the standard, this implies that 
bacteriological culture of sinus lavage fluid as single endpoint is not reliable for the clinical 
and microbiological diagnosis of maxillary sinus disease. The correlation between smears 
of sinus lavage fluid and culture results of needle aspirates (86%) was comparable to the 
correlation between smears of needle aspirates and cultures of needle aspirates (86%).
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Furthermore the presence of bacteria and leukocytes in smears of sinus lavage fluid 
matched bacterial growth in the needle aspirates in all cases (no false-positive smears). The 
absence of bacteria and/or leukocytes in the smears of sinus lavage fluid matched the 
absence of bacterial growth in the needle aspirates in 16 of 19 cases (3 false-negative 
smears). On the basis of these small numbers, the sensitivity of Gram stained smears of 
sinus lavage fluid is 50%, and the specificity is 100%.
These are interesting findings. It seems possible to use sinus lavage fluid for the clinical 
and microbiological diagnosis of sinusitis. The presence of bacteria and leukocytes in a 
smear of sinus fluid is indicative of a bacterial infection. Bacteriological culture results can 
thus be used for microbiology and rational treatment selection. In this case however, the 
presence of both bacteria and leukocytes in a smear, in combination with the absence of 
bacterial growth in culture may have been the result of recent antibiotic treatment. The 
presence of only leukocytes in a smear is indicative of an active infection. Culture results 
then have to distinguish a bacterial infection from a non-bacterial infection. The presence 
of leukocytes in a smear of sinus fluid, combined with the absence of bacterial growth in 
culture, is indicative of a non-infectious immunological reaction (e.g. allergic or viral 
rhinitis). The absence of leukocytes or the absence of both bacteria and leukocytes in a 
smear of sinus lavage fluid is indicative of the absence of a bacterial infection. Bacterial 
growth in cultures of such samples is most likely due to contamination of the sample. In 
many sinus lavage fluid samples (42/77, Table 4) we found bacterial growth but no bacteria 
and/or leukocytes in the smears. Given the number of such findings, it might have been 
sufficient to culture sinus lavage fluid only when bacteria and leukocytes are present in the 
smear. In all other cases the value of the bacteriological culture of sinus lavage fluid is 
arbitrary.
These results are in line with what has been described for sputum samples over the past two 
decades. Methods to distinguish contaminating oral flora in expectorated sputum from 
bronchial flora by making use of Gram stained smears have been used for some time [18], 
Furthermore, methods to clear expectorated sputum of contaminating flora have been 
described [19, 20], Such clearing methods are not yet available for sinus fluid samples, 
however.

In conclusion, we found a significant match between Gram stained smears and the results 
of bacteriological cultures of needle aspirates of sinus fluid. Therefore, smears of needle 
aspirates can be used for diagnosis and empirical treatment selection. We also found a 
significant match between Gram stained smears of sinus lavage fluid and bacteriological
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cultures of needle aspirates (86%). Gram stained smears proved indicative for the 
identification of contaminating flora in sinus lavage fluid. Bacteriological culture of sinus 
fluid samples from patients suspected for sinusitis, might only be necessary when bacteria 
and leukocytes are present in the Gram stained smear of the sample. Thus, sinus lavage 
fluid can be used for the clinical and microbiological diagnosis of maxillary sinus disease.
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Table 1. Results of Gram stained smears* and bacteriological cultures of 22 needle 
aspirates of the maxillary sinus from patients with purulent maxillary sinus disease

bacteria in culture
(+, ++ or +++)

no bacteria
in culture total

bacteria in smear
leukocytes in smear 5 2 7

no leukocytes 0 0 0

no bacteria in smear
leukocytes in smear 1 9 10

no leukocytes 0 5 5

6 16 22

*examined through lightmicroscope, 10x100, oil-immersion

Table 2a. Results of bacteriological cultures of 22 sinus lavage fluid samples obtained 
from patients with maxillary sinus disease, compared to bacteriological culture 
results of needle aspirates of the maxillary sinus from the same patients

needle aspirate
bacteria in culture no bacteria

sinus lavage fluid (+, ++ or +++) in culture total

bacteria in culture 5 5 10

no bacteria in culture 1 11 12

6 16 22
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Table 2b. Results of Gram stained smears* of 22 sinus lavage fluid samples, compared 
to bacteriological culture results of needle aspirates from the same patients.

needle aspirate

sinus lavage fluid
bacteria in culture

(+, ++ or +++)
no bacteria
in culture

total

bacteria in smear
leukocytes in smear 3 0 3

no leukocytes 1 3 4
no bacteria in smear

leukocytes in smear 2 5 7
no leukocytes 0 8 8

6 16 22

*examined through lightmicroscope, 10x100, oil-immersion

Table 3. Sensitivity and specificity of different techniques compared to the standard 
bacteriological culture of needle aspirates

sensitivity specificity

smear needle aspirate 83% 88%
smear sinus lavage fluid 50% 100%
culture sinus lavage fluid 83% 69%
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Table 4. Results of Gram stained smears*, compared with results of bacteriological 
cultures of sinus lavage fluid samples from 77 patients with maxillary sinus disease

bacteria in culture
(+, ++ or +++)

no bacteria
in culture total

bacteria in smear
leukocytes in smear 10 1 11

no leukocytes 6 2 8

no bacteria in smear
leukocytes in smear 13 6 19

no leukocytes 23 16 39

52 25 77

*examined through lightmicroscope, 10x100, oil-immersion
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CHAPTER 7

Value of sinus radiographs in the diagnosis of maxillary sinus disease: 
interobserver agreement on sinus radiographs by otolaryngologists 
and radiologists

Abstract
Variability between observers and specificity of sinus radiographic findings are subject to 
discussion. The aim of this study was to assess interobserver variability, between four 
physicians, two otolaryngologists and two radiologists, in the evaluation of 100 maxillary 
sinus radiographs. Equal agreement was found within the specialities when rating 
radiographs as normal or abnormal (80%). Kappa values for interobserver agreement were 
0.45 for otolaryngologists and 0.58 for radiologists, both representing fair to good 
agreement. Otolaryngologists reported more abnormalities (67 vs. 57). Agreement on 
specific findings (complete opacity, fluid level and mucosal swelling) was fair to good 
(kappa values between 0.38-0.83). Agreement between four physicians was lower on all 
outcomes. It is concluded that interobserver variability is within acceptable limits to 
continue the use of conventional sinus radiographs for confirmation of maxillary sinus 
disease.

Introduction
Already in the 1940’s it was found that indicators for maxillary sinusitis on plain sinus 
radiographs correlated well with clinical findings. Chalmers [1] reported positive clinical 
findings for (muco)purulent maxillary sinusitis in more than 80% of patients with opaque 
maxillary sinuses on radiographs. Later it was shown by several authors that complete 
opacity, a fluid level and/or mucosal thickening of more than 6 mm correlated well with 
the antroscopy findings for sinusitis [2, 3]. Apart from this, Williams and Hayward [4, 5] 
demonstrated the sufficiency of only one sinus projection (Occipito-Mental, according to 
Tschebull or Waters), for the diagnosis of maxillary sinus disease, instead of a full series 
of 3 or even 4. The reported correlation rates for sinus radiographic findings and clinical 
symptoms varied from 72-96%. However, none of the published studies contained data on 
interobserver agreement. Therefore, it is difficult to interpret the reported data since these 
only represent the opinion of single investigators. Consequently the value of radiographs 
in the evaluation of a patient with signs of maxillary sinusitis is still subject to discussion
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[6]. The main issues in this discussion are: 1) the specificity of findings on sinus 
radiographs, especially since CT-scans have become more widely available, and 2) the 
interobserver variability in reported evaluations. Before anything can be said about the 
specificity of radiographic findings in diagnosing maxillary sinus disease there needs to be 
clarity on interobserver variability. Until now only one study has been published 
summarising the results of comparing sinus radiographic evaluations of a clinician and a 
radiologist [7]. In the latter no evidence was found that either the clinician or the 
radiologist was overall more pessimistic in the diagnosis than the other was.
In the past 40 years three general approaches for the interpretation of sinus radiographs 
have been used (Table 1). In the present study all three abnormalities, complete opacity, 
fluid level and mucosal swelling, were evaluated as indicators for maxillary sinus disease. 
This is in line with the current clinical opinion on radiological abnormalities, indicative of 
maxillary sinus disease.

Table 1. Historical assumptions of indicators for sinusitis on maxillary sinus 
radiographs in adults

Assumption:

Radiographic findings:
A B C

complete opacity Yes * Yes
fluid level Yes Yes Yes

mucosal swelling
* * Yes'

Vuorinen 1962 Kay 1984 Evans 1994,
Williams 1993

* finding cannot be used as predictor for sinusitis
# at least 6 mm

In the period 1992-1994 a multi-centre clinical trial was performed investigating the 
clinical efficacy of two different surgical procedures for the treatment of chronic maxillary 
sinusitis. One of the criteria for patients to be eligible for participation in this trial was the 
presence of at least one abnormality on the sinus radiograph. Either complete opacity, a 
fluid level or mucosal swelling had to be present. Since this was a multi-centre trial where 
several physicians in different hospitals included patients based (among other things) on
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the presence of radiological abnormalities, we were interested in interobserver agreement 
on sinus radiographs.
In the present study we evaluated interobserver variability, in the evaluation of sinus 
radiographs for signs of maxillary sinus disease, for two otolaryngologists and two 
radiologists.

Materials and methods
One hundred maxillary sinus radiographs, from 57 adult patients (age 18-71 y, median 36 
y, average 36 y), taken in an occipito-mental projection (according to Tschebull or Waters), 
were evaluated in a blinded and independent manner by four physicians (two 
otolaryngologists and two radiologists), on the same day and in the same order. All 
radiographs had been taken from patients who had participated in a clinical trial, 
investigating two surgical procedures for the treatment of chronic maxillary sinusitis, 
during the period 1992-1994. The maximum number of radiographs taken from one 
particular patient was 4, with a minimum interval of 4 months between each. All patients 
were, or had been, diagnosed with chronic maxillary sinusitis, based on clinical symptoms 
of at least three months duration, with concomitant indications for sinusitis on the 
radiographs. The patients were otherwise healthy. All patients had given informed consent. 
The study was approved by the local Ethics Committees.

The radiographs were evaluated for the presence or absence of any of the three specific 
abnormalities: complete opacity, a fluid level, and mucosal swelling of at least 50% of the 
distance between the medial- and lateral maxillary sinus wall. A sinus radiograph was 
classified as abnormal when at least one of these was present.

Statistical methods
Interobserver variability was assessed by calculating kappa (k) values for the three specific 
abnormalities and for radiographs classified as either normal or abnormal. The calculation 
of kappa values is a statistical method to measure agreement between two observers. This 
method is used to assess the difference between observed and expected agreement, 
expressed as a fraction of the maximum difference. The calculation of kappa values is as 
follows. The results of two observers are put in a 2x2 table.
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Observer 2
Observer 1 Present Absent

a + b 
c + d

a + c b + d n

Next I0 is defined as the observed measure of agreement, and Ie as the corresponding 
expected measure of agreement.

Present
Absent

Then

I0
a + d 

n

and

(a + c)(a + b) + (b + d)(c + d) 
n-

Secondly, kappa is defined as the difference between observed and expected agreement 
expressed as a fraction of the maximum difference.

Io-Ie

The range for K is 0 -1, with values between 0.4 - 0.75 representing fair to good agreement 
and values above 0.75 representing excellent agreement [9].

Results
This study shows almost equal agreement between otolaryngologists and radiologists on 
radiographs being normal or abnormal (Table 2). The otolaryngologists agreed on 80 out 
of 100 while the radiologists agreed on 81 out of 100. However the radiologists rated fewer 
radiographs (57 versus 67) as abnormal. The kappa values for agreement on normal and 
abnormal indicate fair to good agreement between both the two radiologists and the two 
otolaryngologists.

110



Value of sinus radiographs in the diagnosis of maxillary sinus disease

Table 2. Sinus radiographic evaluations as normal or abnormal

Otolaryngologist 1
Otolarvneoloeist 2

Normal Abnormal
Normal 13 16 29

Abnormal 4 67 71
17 83 100 K = 0.45

Radiologist 1
Radioloeist 2

Normal Abnormal
Normal 24 13 37

Abnormal 6 57 63
30 70 100 K = 0.58

The three specific abnormalities complete opacity, fluid level and mucosal swelling all 
indicated fair to good agreement between the two radiologists. Agreement on complete 
opacity was fair to good between the two otolaryngologists, while agreement on fluid level 
was excellent and agreement on mucosal swelling was just below fair to good (Table 3-5).

Table 3. Sinus radiographic evaluations for presence of complete opacity

Comolete Ooacitv

Otolarvneoloeist 2
Otolaryngologist 1 Present Absent

Present 19 4 23
Absent 5 72 77

24 76 100 K = 0.75

Radiologist 2
Radioloeist 1 Present Absent

Present 11 4 15
Absent 7 78 85

18 82 100 K = 0.60
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Table 4. Sinus radiographic evaluations for presence of fluid level

Fluid Level
Otolarvneoloeist 2

Otolarvngolosist 1 Present Absent
Present 15 3 18
Absent 2 80 82

17 83 100 K = 0.83

Radiologist 2
Radiologist 1 Present Absent

Present 12 0 12
Absent 17 71 88

29 71 100 K = 0.50

Table 5. Sinus radiographic evaluations for presence of mucosal swelling

Mucosal Swelling
Otolarvnsolosist 2

Otolaryngologist 1 Present Absent
Present 46 10 56
Absent 20 24 44

66 34 100 K = 0.38

Radiologist 2
Radiologist 1 Present Absent

Present 41 7 48
Absent 19 33 52

60 40 100 K = 0.48

The kappa values on complete opacity and fluid level were somewhat higher for the 
otolaryngologists, while the kappa values on mucosal swelling were slightly higher for 
radiologists. In total the two otolaryngologists reported more specific abnormalities than 
the radiologists did.
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The agreement between all four physicians was best on the specific abnormalities 
complete opacity and fluid level (Table 6). Non-agreement in this table meant one or two 
physicians did not agree with the three or two other physicians.

Table 6. Agreement and non-agreement between all four physicians on normal/ 
abnormal sinus radiographs and on specific abnormalities
(R/L = Right/Left, Yes = Present, No = Absent)

Agreement between 
all 4 physicians:

Non-agreement: *

Normal 10 35
Abnormal 55

Complete opacity R/L Yes 10 19
Complete Opacity R/L No 71

Fluid Level R/L Yes 12 19
Fluid Level R/L No 69

Mucosal Swelling R/L Yes 35 48
Mucosal Swelling R/L No 17

* split decisions 3-1 or 2-2.

The poorest agreement between all four physicians was on the presence or absence of 
mucosal swelling; they agreed on only 52 of 100 radiographs. The agreement on sinus 
radiographs being normal or abnormal between all four physicians was less good than 
between either the otolaryngologists or the radiologists (65 out of 100 versus 80 and 81 out 
of 100).
Kappa values could not be calculated for agreement between the combined results of the 
two otolaryngologists and the combined results of the two radiologists, due to the 
possibility of 3 different outcomes. The evaluation by two physicians within their 
speciality could result in agreement on 1) the presence of an abnormality, or 2) the absence 
of an abnormality or 3) disagreement. This would result in a 3x3 table, and since kappa 
values can only be calculated for 2x2 table this statistical method could not be used for 
assessment of interobserver agreement between all four physicians.
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Discussion
Sinus radiographs taken in the occipito-mental projection are considered to produce an 
adequate view of the maxillary sinuses in patients suspected of maxillary sinus disease [5]. 
The radiologists and otolaryngologists in the present study agreed, within their speciality, 
on 81/100 and 80/100 respectively, of the sinus radiographs, when evaluated for being 
either normal or abnormal. However there was a difference in the reported ratio of normal 
versus abnormal between the two specialities. The otolaryngologists classified 13 
radiographs as normal and 67 as abnormal (ratio 13/67) while the radiologists classified 24 
radiographs as normal and 57 as abnormal (ratio 24/57). This is a finding we cannot 
explain. The highest number of abnormal radiographs was reported by the 
otolaryngologists. Since these specialists always see the patient as well as the radiograph 
this does not have to implicate unnecessary treatment.

The number of radiographs with equal evaluations by all four physicians was lower as 
compared to the percentage of agreement within either one of the specialities. All four 
physicians agreed on radiographs being normal or abnormal in 65 out of 100 cases, 
furthermore 3 of these 4 physicians agreed on another 27 being normal or abnormal. 
According to Fleiss [10] no statistical methods suitable for general use are available to 
assess interobserver agreement of these data. As far as we know since then no appropriate 
method has become available either. Also Armitage [9] does not mention any. Still, an 
agreement between four physicians on 65 out of 100 radiographs being either normal or 
abnormal, seems acceptable for clinical use. Especially since patients will always be seen 
by a physician who can use both clinical symptoms and the results of the radiographic 
evaluation.

The findings in our study showed mucosal swelling to be the most frequently reported 
abnormality on the sinus radiographs of this group of patients. Mucosal swelling also 
turned out to be the parameter with the greatest interobserver variability (lowest 
agreement) between both otolaryngologists and radiologists. Mucosal swelling of at least 
6-8 mm for adults and 5 mm for children is considered to be predictive of maxillary sinus 
disease [2, 6]. Often in current clinical practice a working definition is used of mucosal 
swelling of at least 50% of the distance between the medial- and lateral wall of the 
maxillary sinus. However the asymmetrical anatomical shape of the maxillary sinus 
creates a problem for the proper evaluation of this feature. A better definition of mucosal 
swelling will be needed to improve interobserver agreement on this parameter. Two
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approaches seem to be possible. The first would be to measure the thickness of the mucosal 
lining of the maxillary sinus at the point where it is thickest. This would be possible for 
maxillary sinuses where mucosal swelling is regular and around most of the, or the entire, 
maxillary sinus wall. With mucosal swelling at specific parts of the maxillary sinus wall 
only, one ought to consider abnormality other than sinusitis (e.g. mucoceele, cyst). 
However it is not always easy to distinguish thickening of the mucous membrane from 
sinus fluid. Especially purulent, highly viscous fluid can spread around the sinus and make 
it difficult to distinguish it from mucous membrane. Therefore, the second approach would 
be to measure the size of the aerated space in the maxillary sinus. This size is related to the 
amount of mucosal swelling and fluid. Both mucosal swelling and fluid are indicators of 
different stages of maxillary sinus disease. The main advantage of this approach is that the 
size of the aerated space is much easier to measure than the thickness of the mucous 
membrane. This would also have advantages in children, whose maxillary sinuses are not 
fully developed. However, before this parameter can be used it needs to be validated for 
specificity in a well defined patient population.
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General summary, conclusions, and perspectives for future research

General summary
Normal physiology makes the epithelial lining of the upper respiratory tract prone to 
infections. As a result of nasal breathing, exogenous agents, e.g. dust particles, air 
pollution, bacteria, and viruses, constantly challenge the epithelium covering the nasal 
wall and paranasal sinuses (Wagenmann and Naclerio, 1992). The human defense 
mechanism against this hazard works in two ways: mechanically, by way of mucociliary 
clearance; and immunologically. Mucociliary clearance is the continuous process of 
mucus production by epithelial cells and glands within the nose and the sinuses and the 
transport of this mucus blanket by ciliary beating out of the sinuses into the nose and 
towards the nasopharynx. Inhaled particles stick to the mucus and thus are removed from 
the sinuses and the nose (Duchateau et ah, 1985; Ingels et al., 1991; Knops et ah, 1993). 
Humoral factors, e.g. immunoglobulins, proteases, and lymphocytes, are excreted into the 
mucus and together form an immunological barrier against inflammatory agents (Stierna 
andCarlsöö, 1990).
The anatomy of the maxillary sinuses makes these areas especially sensitive to 
inflammatory stimuli. Normal clearance of the maxillary sinus takes place through the 
natural ostium. The ostium is a tunnel-like structure located at the top corner of the sinus. 
Since the diameter of the ostium is only a few millimeters, minimal mucosal swelling can 
already result in obstruction of the ostium. The efficacy of mucociliary clearance is 
influenced by the patency of the ostium, the composition of the mucus (e.g. viscosity), and 
the quality of ciliary beating. Disturbance of any of these three factors can be the starting 
point of sinusitis, eventually leading to chronic sinusitis (Drettner, 1980; Kennedy et al, 
1985; Stammberger, 1986).
Currently, treatment of sinusitis is aimed at restoring physiologic mucociliary clearance 
(Kennedy, 1995). The most important aspects of treatment are aeration of the maxillary 
sinus and removal of the inflammatory processes or stimuli (Kennedy et al., 1985; 
Stammberger, 1986). The main objective of the study presented in this thesis was to 
compare the efficacy of sinus irrigation to the efficacy of sinus irrigation followed by 
Functional Endoscopic Sinus Surgery (FESS) in patients diagnosed with chronic 
maxillary sinusitis. Sinus irrigation is performed to clean the sinus of inflammatory 
mediators, allowing the mucosa to become restored after treatment (Carenfelt and
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Lundberg, 1977; Carenfelt et al., 1978; Nieder and Bachmann, 1980). LESS is performed 
to artificially widen the natural ostium, thereby creating space for physiologic drainage 
and aeration of the sinus (Kennedy et ah, 1985; Kennedy, 1985). A comparison between 
these two treatment methods in a randomized prospective setting had never been made 
before.

The anatomy and physiology of the nose and paranasal sinuses are described in detail in 
chapter 2. Special attention is given to mucociliary clearance and to the pathophysiology 
of maxillary sinusitis. Maxillary sinusitis can be seen as the result of a chain of reactions 
starting a vicious circle that can keep an infection going. Closure of the ostium blocks 
drainage and prevents a flow of air into the sinus. The combination of pooled secretions 
and altered gas composition can cause tissue inflammation and provides excellent 
conditions for bacteria to colonize the sinus (Kennedy, 1995). These bacteria may have 
been inhaled or have been part of the endonasal flora. Bacteriological studies of sinus fluid 
samples from patients with sinusitis often reveal non-pathological bacteria (Cauwenberge 
and Ingels, 1996). These findings could represent the contamination of the samples by 
endogenous flora. Alternatively, these bacteria could be endonasal flora that flourished in 
a closed sinus and then caused a bacterial infection in the altered environment. A 
comprehensive list of predisposing factors for chronic sinusitis is given in chapter 2. 
Chronic sinusitis can be the result of several factors, including unresolved acute sinusitis 
as well as uncommon congenital disorders (e.g. cystic fibrosis). Regardless of the cause, 
disturbed mucociliary clearance is part of the disease in all patients. Several methods for 
diagnosing sinusitis are available. A diagnosis has to be based on a patient’s medical 
history and complaints and must be confirmed by either antroscopy or radiological 
imaging of the sinuses (Melén et ah, 1986). Whereas sinus X-ray is sufficient for 
confirmation of the diagnosis, CT-scan is the preferred imaging method when endonasal 
surgery is planned (Lloyd et ah, 1991; Zinreich, 1992). Finally, this chapter gives an 
overview of available treatment methods for maxillary sinusitis. Today, normal aeration 
and drainage of the sinus through the natural ostium are regarded as primary factors for a 
healthy sinus (Kennedy, 1995). Treatment should be aimed at restoring these two 
functions. FESS has won enormous popularity since it was introduced in the late 1980s. It 
has replaced many Caldwell-Luc and Claoué operations and created possibilities for 
earlier surgical intervention in patients diagnosed with maxillary sinusitis. In general, the 
efficacy seems to be good, although not many comparative, randomized studies have been 
published so far.
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The study described in this thesis was performed in several hospitals. Due to the rigid 
inclusion and exclusion criteria, obligatory to get a well-defined study population, it was 
necessary to recruit patients simultaneously in several ENT clinics. In line with the 
European guidelines for Good Clinical Practice (GCP), most hospitals in the Netherlands 
now have operational Medical Ethical Committees (MECs). One of their tasks is to review 
study protocols for eligibility to be carried out in their hospital. The decision is based on 
the required expertise and the capacity of the departments involved as well as on 
considerations of ethical standards and burden placed on the patient. The advantage of 
their ethical evaluation is an optimal protection of the patient’s well-being and of the 
patient’s right to optimal treatment in the local situation. The drawback to so many 
individual ethical committees is that for multicenter trials, the same study protocol is 
reviewed independently by each participating hospital. Chapter 3 describes the author’s 
experiences in this regard. Besides a duplication of work, it can lead to the situation 
whereby a protocol is approved in one hospital and rejected at another for reasons of 
scientific merit. Some ways to improve this situation are suggested. In some regions of the 
Netherlands, improvements can already be seen. For instance, certain hospitals now jointly 
undertake the ethical review of study protocols in which they participate. In this procedure, 
one MEC reviews the proposed study, and the other hospitals adopt their 
recommendations. This makes it much easier to initiate and carry out multicenter clinical 
trials.

Chapter 4 contains the results of the clinical trial comparing the efficacy of sinus 
irrigation versus sinus irrigation followed by FESS. It is clear from this study that both 
treatment options are effective in the population studies, although FESS tended to be 
better. Considerable improvement was seen in both treatment aims, and on all endpoints, 
both objective and subjective. The analysis of intent to treat demonstrated a difference in 
improvement between the two treatment aims in favor of sinus irrigation followed by 
FESS. However, only the difference for the subjective endpoints purulent rhinitis and loss 
of smell was statistically significant. Treatment with sinus irrigation alone could prevent 
sinus surgery in 58% of all patients. All patients received a 10-day course of antibiotics. 
This might have contributed to the efficacy of both treatment methods. Studies in the 
literature investigating the efficacy of sinus irrigation in maxillary sinusitis without 
additional antibiotic treatment showed less good results.

The patients studied for this thesis were diagnosed with purulent sinus disease. In most
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patients, this is indicative of a co-existing bacterial infection. That indication was 
confirmed by the finding of bacterial growth in cultures of 81% of all sinus fluid samples. 
Chapter 5 describes the results of bacteriological cultures, both aerobic and anaerobic, of 
sinus fluid samples obtained from patients diagnosed with chronic maxillary sinusitis. A 
wide variety of bacteria were isolated, including many that are not normally pathogenic. 
These could have been opportunistic bacteria, coming from endogenous nasal flora, that 
colonized the maxillary sinus after ostial closure. The high incidence of ß-lactamase- 
producing bacteria (36%) was striking. The average number of different bacterial strains in 
patients with confirmed bacterial inflammations was high as well (>2). Both findings have 
implications for treatment, ß-lactamase-producing bacteria can be co-pathogens, 
protecting more pathogenic bacteria from antibiotic action. The occurrence of more than 
one bacterial strain in sinus fluid samples is characteristic of chronic sinusitis. It 
necessitates treatment with broad-spectrum antibiotics.

To confirm the diagnosis of sinusitis, sinus X-rays were made of all patients before they 
were enrolled in the study. Three deviations that can show up on sinus X-rays are indicative 
of maxillary sinusitis. These are: air-fluid level within the sinus, complete opacity of the 
sinus, and mucosal swelling of more than half the medio-lateral diameter of the sinus. In 
normal practice, sinus X-rays are often made to confirm the diagnosis of sinusitis, to rule 
out sinusitis, or as part of routine follow-up after treatment. General practitioners have to 
refer patients to radiologists to have X-rays taken. On the basis of a radiologist’s evaluation 
of the X-rays, the general practitionar can initiate treatment. Part of the work presented in 
this thesis was an assessment of interobserver agreement on evaluating sinus X-rays. The 
specialists studied were otolaryngologists and radiologists (Chapter 6). In general, the 
agreement between specialists in the same field was good. Across specialties, agreement 
was less good, although still acceptable according to criteria for statistical analysis. How
ever, a clear difference between otolaryngologists and radiologists was observed: the 
former found significantly more abnormalities on X-rays than the latter, in fact, the 
radiologists considered those X-rays to be normal. This was a remarkable finding, and it 
has never been published before. The implications for clinical practice, e.g. over-treatment, 
are not great, however. Otolaryngologists will always see the patients in person and thus do 
not have to start treatment on the basis of sinus X-rays alone. On the basis of the level of 
agreement between specialists and between specialties, we conclude that sinus X-rays can 
still be used to confirm the diagnosis of maxillary sinusitis and can also be used in 
multicenter clinical trials.
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The use of sinus lavage fluid for the clinical and microbiological diagnosis of maxillary 
sinus disease remains controversial. Needle aspirates are considered to be the golden 
standard. As a result of the methodology of sinus lavage, sinus fluid samples obtained by 
this method can easily become contaminated with endonasal bacteria. The relevance of 
such contamination is difficult to assess. Chapter 7 presents some methods to validate the 
quality of bacteriological cultures of sinus lavage fluid. Sinus lavage fluid and needle 
aspirates were obtained from a group of patients. Bacteriological cultures and Gram 
stained smears of that material were studied. The outcome suggests that sinus lavage fluid 
can be used for the clinical and microbiological diagnosis of maxillary sinus disease when 
the culture results are combined with the results of Gram stained smears. A clear relation 
was found between the presence of bacteria and leukocytes in the smear and bacterial 
growth in culture. Culture results of sinus lavage fluid seemed to bear clinical relevance, 
only when indicators of an active infection can be seen in a Gram stained smear.

Conclusions
The work presented in this thesis leads to the following conclusions with regard to 
diagnosis and treatment of chronic maxillary sinusitis:

1. Treatment of chronic maxillary sinusitis should start with a combination of sinus 
irrigation and broad-spectrum antibiotics. This treatment is efficacious in most patients 
and can prevent surgery in up to 58% of all patients treated. An improvement in the signs 
and symptoms related to sinusitis can be seen in the first two weeks. After this period, most 
patients show no further improvement.

2. Functional endoscopic sinus surgery (FESS) can be performed when initial treatment 
with sinus irrigation and antibiotics has failed. Two weeks after the initial treatment, it is 
clear for most patients whether additional surgery is necessary or not. FESS proved to be 
a safe and efficacious procedure.

3. The microbiology of chronic maxillary sinusitis is diverse. It consists of a variety of 
anaerobic and aerobic bacterial species. Our findings provide additional arguments for the 
concept of primary and secondary bacterial infection in patients diagnosed with sinusitis. 
Primary infection is a direct result of bacterial inflammation. Secondary infection occurs 
when changed circumstances within a closed maxillary sinus allow normally harmless 
bacteria to colonize the sinus and start (or continue) an inflammatory process.
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4. Sinus lavage fluid can be used for diagnosis and microbiology of purulent sinus disease. 
Provided that bacterial culture is combined with microscopic examination of a Gram 
stained smear, it is possible to distinguish contaminating flora from bacterial flora 
originating from the infected sinus. Gram stained smears of needle aspirates are sufficient 
material for diagnosing maxillary sinusitis.

5. In multicenter clinical trials, sinus X-rays can be used to confirm the diagnosis of 
maxillary sinusitis. Agreement between otolaryngologists, between radiologists, and 
across specialties was statistically acceptable. It is worth noting that otolaryngologists tend 
to report more abnormalities on sinus X-rays than radiologists do.

6. According to current procedures, Medical Ethical Committees (MECs) increase the 
amount of work involved in the preparation and start-up of multicenter clinical trials. In 
this sense, they cause delays. To improve the situation, MECs should collaborate with the 
other participating hospitals and perhaps agree to accept each other’s evaluations of 
clinical trial protocols.

Perspectives for future research
Several conclusions may be drawn from the work presented in this thesis. Nonetheless, 
future research will be necessary on a number of topics related to chronic maxillary 
sinusitis.
First of all, studies will be needed to distinguish the efficacy of FESS from the efficacy of 
antibiotic treatment alone or sinus irrigation alone. Only then will we know whether the 
bacterial infection, either primary or secondary, that is seen in the majority of patients 
diagnosed with chronic maxillary sinusitis actually keeps the inflammatory process going 
or not, as suggested by van Cauwenberge and Ingels (1996). In addition, it will be 
interesting to study the efficacy of repeated sinus irrigation at different frequencies and for 
different durations of treatment. Bertrand and Eloy (1993) demonstrated that sinus 
irrigation once daily produced optimum results after 23 days of treatment. It is conceivable 
that the optimum might be reached earlier with different treatment schedules. Research 
along these lines will have to be done on the point in time at which antibiotic treatment 
should be started prior to performing sinus surgery. In our study, sinus surgery was 
performed within three days after starting antibiotic treatment. It might be better to wait 
longer. For instance, surgery could wait until the bacterial infection is resolved or even 
until mucociliary clearance is restored. By waiting, the epithelium would be in a better
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condition when surgery is performed. This could lead to fewer intra-operative (e.g. 
bleeding) or post-operative (e.g. bleeding or synecchias) complications and thereby to 
increased efficacy. One very important methodological aspects in performing this type of 
studies is the composition of the study population (e.g. homogenicity). In order to draw 
conclusions on the benefit of certain types of treatment it is important to study the right 
type of patients. Pang and Willett (1996) very recently argued that sinus irrigation in 
patients with chronic maxillary sinusitis is not beneficial. This argument was based on 
research in a heterogenous group of patients diagnosed with chronic maxillary sinusitis, 
including patients with sinusitis caused by septal deviation.

Toskala et al. (1995) used scanning electron microscopy to demonstrate a correlation 
between ciliary functioning and mucociliary transport. In light of our findings, it would be 
interesting to apply similar electron microscopic techniques to study the results of sinus 
irrigation and antibiotic treatment, either combined or alone, on mucosal regeneration and 
ciliary functioning. Recent publications report on ciliotoxic properties of several 
antibiotics, especially of clavulanic acid (Ahrens et al, 1994). These results are 
fascinating, since they could explain the inefficacy of result of antibiotic treatment, despite 
bacterial susceptibility, in some patients. However, the means by which antibiotics can 
have such ciliotoxic effects has not yet been determined.

Finally, it is time to start taking the economics of health into account. There is a need to 
study how the various methods of treating chronic maxillary sinusitis affect healthcare 
resources and costs. From that perspective, an optimal regime for follow-up after treatment 
can be considered. Controversial reports have been summarized recently (Ryan et al., 
1996). In light of our finding that most improvement is seen in the first two weeks after 
treatment, it might be possible to focus follow-up on that period. Alternatively, it might be 
possible to define follow-up periods for patients with a specific extent of disease or res
ponse to treatment. Another reason to study the result of treatment is patient benefit and 
quality of life. Scales have been developed for otorhinolaryngological interventions 
(Robinson et al., 1996). It would be interesting to use such scales to assess the efficacy of 
treatment in clinical trials as well as in a natural setting.
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Algemene samenvatting

Het slijmvlies van de bovenste luchtwegen is gevoelig voor infecties. Neus-ademhaling 
veroorzaakt een voortdurende blootstelling van het slijmvlies in de neus en neusbijholten 
aan stofdeeltjes, luchtvervuiling, bacteriën en virussen en andere rondzwevende deeltjes. 
De mens heeft een dubbel afweermechanisme tegen deze blootstelling. Het 
afweermechanisme werkt mechanisch en immunologisch. De mechanische afweer vindt 
plaats door zogenoemde mucociliaire klaring. In het slijmvlies van de neus en 
neusbijholten wordt voortdurend slijm (mucus) geproduceerd. Deze mucus vormt een 
slijmlaag die op het epitheel ligt. De cellen waaaruit het slijmvlies is opgebouwd zijn aan 
de buitenkant bekleed met trilhaartjes. De slijmlaag wordt door zwiepende bewegingen 
van deze trilhaartjes uit de neus-bijholten, door de neus in de richting van de keel 
getransporteerd. Deze cyclus van slijmaanmaak en afvoer wordt mucociliaire klaring 
genoemd. Ingeademde deeltjes blijven kleven aan de slijmlaag en worden door 
mucociliaire klaring uit de neus-bijholten en de neus verwijderd. De immunologische 
afweer wordt gevormd door factoren afkomstig uit het bloed, zoals antistoffen, 
eiwitsplitsende enzymen en witte bloedcellen. Deze worden uitgescheiden in de mucus en 
vormen tezamen een immunologische barrière tegen ontstekings mediatoren.

Een kaakholte (sinus maxillaris) raakt snel ontstoken. Dit is met name het gevolg van de 
bijzondere anatomie. Normale reiniging van de kaakholte vindt plaats door het natuurlijk 
ostium. Dit ostium is een tunnel-achtige structuur in de bovenhoek van de kaakholte. 
Mucociliaire klaring zorgt voor transport van de slijmlaag uit de kaakholte door het ostium 
naar de neus. De diameter van dit ostium is slechts enkele millimeters. Aangezien dit os
tium ook is bekleed met slijmvlies, kan een geringe slijmvlieszwelling al leiden tot 
afsluiting van de kaakholte. Afsluiting blokkeert de mucociliaire klaring waardoor de 
kaakholte niet meer gereinigd wordt. De effectiviteit van mucociliaire klaring wordt 
bepaald door de doorgankelijkheid van het ostium, door de samenstelling van de mucus 
(o.a. de stroperigheid) en de kwaliteit van de trilhaar bewegingen. Een verstoring van één 
of meerdere van deze drie factoren kan het begin zijn van een kaakholte ontsteking en kan 
uiteindelijk resulteren in een chronische kaakholteontsteking.
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Tegenwoordig is de behandeling van sinusitis (kaakholte ontsteking) gericht op het 
herstellen van de mucociliare klaring. De belangrijkste onderdelen van deze behandeling 
zijn het herstellen van de beluchting van de geïnfecteerde sinus en verwijdering van het 
ontstoken weefsel of de ontstekingsproducten. Het doel van de studie die wordt beschreven 
in dit proefschrift was het vergelijken van de effectiviteit van kaakspoeling met de 
effectiviteit van kaakspoeling gevolgd door functionele bijholten chirurgie, bij patiënten 
met chronische kaakholteontsteking. Kaakspoeling wordt uitgevoerd om de kaakholte te 
reinigen. Door het spoelen met een vloeistof, bijvoorbeeld fysiologisch zout, worden 
opgehoopte ontstekingsprodukten verwijderd, zodat het slijmvlies weer kan herstellen. 
Functionele bijholtenchirurgie is een techniek om operatief het natuurlijk ostium te 
verwijden. Op deze manier wordt ruimte gecreeerd zodat mucociliare klaring en 
beluchting van de kaakholte weer kunnen plaatsvinden. Deze twee behandel- 
mogelijkheden zijn nooit eerder in een gerandomiseerd vervolg onderzoek met elkaar 
vergeleken.

In hoofdstuk 2 wordt, aan de hand van de literatuur, de anatomie en fysiologie van de neus 
en de neusbijholten beschreven. Speciale aandacht is besteed aan de mucociliaire klaring 
en de pathofysiologie van sinusitis maxillaris. Sinusitis maxillaris kan gezien worden als 
het resultaat van een kettingreactie die geleid heeft tot een vicieuze cirkel die een infectie 
in stand houdt. Obstructie van het ostium maakt drainage en luchtverversing in de sinus 
onmogelijk. De combinatie van opeenhopend secreet en een veranderde lucht 
samenstelling kan weefselontsteking veroorzaken en biedt op die manier een ideale 
omgeving voor bacteriën om in de sinus te groeien. Deze bacteriën kunnen afkomstig zijn 
van ingeademde lucht, maar ook van de normaal flora van de neus. Vaak worden uit 
sinusvloeistof afkomstig van patiënten met sinusitis niet-pathogene bacteriën gekweekt. 
De aanwezigheid van dergelijke bacteriën kan wijzen op besmetting van de 
vloeistofmonsters. Deze bacteriën kunnen ook afkomstig zijn van de normaal flora in de 
neus en zijn gaan groeien in de sinus nadat de omstandigheden waren veranderd. Op deze 
manier kunnen normaal aanwezige bacteriën wel degelijk een infectie veroorzaken. 
Chronische sinusitis kan het resultaat zijn van een groot aantal oorzaken, waaronder veel 
voorkomende als een niet genezen acute sinusitis, maar ook minder vaak voorkomende als 
aangeboren afwijkingen (bijv. taai-slijm ziekte). Voor het stellen van de diagnose sinusitis 
zijn vele methoden beschikbaar. Een diagnose moet altijd gebaseerd zijn op de 
voorgeschiedenis en klachten van de patient en moet bevestigd kunnen worden aan de 
hand van antroscopie (kijken in de sinus) of op radiologische afbeeldingen van de sinus.
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Röntgen foto’s van de sinus zijn geschikt voor de bevestiging van de diagnose. Als 
voorbereiding op chirurgische behandeling is CT-scan meer geschikt. Tenslotte wordt in 
hoofdstuk 2 een overzicht van de mogelijke behandelmethoden bij sinusitis gegeven. De 
primaire factoren voor een gezonde sinus zijn een goede beluchting en drainage door het 
natuurlijk ostium. Een behandeling dient derhalve altijd gericht te zijn op het herstellen 
van deze twee. Functionele bijholtenchirurgie heeft enorm aan populariteit gewonnen 
sinds het eind jaren 80 werd geïntroduceerd. Het is in de plaats gekomen van veel 
Caldwell-Luc en Claoué operaties. Bij de Caldwell-Luc operatie wordt het aangedane 
slijmvlies uit de sinus verwijderd. Bij de Claoué operatie wordt een opening van de sinus 
naar de neus gemaakt in de onderste neusgang. Dit is iets lager dan het natuurlijk ostium. 
Over het algemeen lijkt de effectiviteit van functionele bijholtenchirurgie goed te zijn, 
hoewel vergelijkend onderzoek met andere behandelmethoden nog vrijwel niet is 
uitgevoerd.

De studie die wordt beschreven in dit proefschrift is uitgevoerd in een aantal ziekenhuizen. 
De omschrijving van de patiëntengroep die mocht deelnemen aan het onderzoek was 
strikt, zodat een uniforme groep kon worden onderzocht. Om met zulke strikte criteria 
binnen redelijke tijd een voldoende grote groep patiënten te vinden is het noodzakelijk 
meerdere ziekenhuizen deel te laten nemen aan een studie. Alle ziekenhuizen in Nederland 
hebben een Medisch Ethische Commissie (MEC). Dit is ook vereist, zoals beschreven in 
de Europese richtlijnen voor Good Clinical Practice. Eén van de taken van de MEC is het 
beoordelen van onderzoeksvoorstellen op geschiktheid voor uitvoering in het ziekenhuis. 
Een beslissing hierover wordt onder andere genomen aan de hand van ethische 
standaarden en de belasting voor de patient die deel zou kunnen nemen aan het 
voorgestelde onderzoek. Maar ook aan de hand van de beschikbaarheid van gevraagde 
ervaring en capaciteit op de bij het onderzoek betrokken afdelingen. Het voordeel van een 
dergelijke lokale, ethische beoordeling is optimale bescherming van het welbevinden van 
de patient en van het recht van de patient op optimale gezondheidszorg. Een nadeel van al 
deze individuele medisch ethische commissies is dat bij multicentrisch onderzoek 
hetzelfde protocol door elke commissie apart wordt beoordeeld. Hoofdstuk 3 beschrijft de 
ervaringen van de auteur op dit vlak. Naast een vermenigvuldiging van de hoeveelheid 
werk, kan de huidige situatie ook resulteren in verschillende uitkomsten van de 
beoordeling. Dit werkt vertragend bij de start van multi-centrisch onderzoek. Een aantal 
mogelijkheden om deze situatie te verbeteren worden voorgesteld.
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Hoofdstuk 4 beschrijft de resultaten van het onderzoek waarin de effectiviteit van een 
kaakspoeling wordt vergeleken met de effectiviteit van kaakspoeling gevolgd door 
functionele bijholtenchirurgie bij patiënten met chronische kaakholtenontsteking. Uit dit 
onderzoek blijkt dat beide behandelmethoden goede resultaten geven en veilig zijn. 
Duidelijke verbeteringen werden waargenomen na beide behandelingen, zowel op 
objectieve als op subjectieve eindpunten. Bijholtenchirurgie lijkt een iets beter resultaat te 
geven. Echter dit was alleen statistisch significant voor de subjectieve eindpunten 
purulente rhinitis en reukverlies. Behandeling met kaakspoeling en antibiotica maakte 
aanvullende bijholtenchirurgie bij 58% van de patiënten overbodig. In dit onderzoek 
kregen alle patiënten een 10-daagse kuur met het breed-spectrum antibioticum loracarbef. 
Dit heeft mogelijk positief bijgedragen aan het resultaat van de studie. Vergelijkbare 
onderzoeken uit de literatuur die de effectiviteit van kaakspoelingen bij sinusitis maxillaris 
beschrijven, waarbij geen antibiotica werden voorgeschreven, laten minder gunstige 
resultaten zien.

Alle patiënten die deelnamen aan dit onderzoek hadden een chronische kaakholte 
ontsteking. Vaak gaat dit samen met een bacteriële infectie. Dat was bij dit onderzoek ook 
het geval; bij 81% van de patiënten werden uit de sinusvloeistof bacteriën gekweekt. In 
hoofdstuk 5 worden de resultaten van deze bacteriologische kweken beschreven. Een 
grote variëteit aan bacteriën werd geïsoleerd, waaronder veel normaal niet-pathogene 
bacteriën. Opvallend was het grote aantal patiënten met ß-lactamase producerende 
bacteriën in de sinusvloeistof (36%). Het gemiddelde aantal bacteriesoorten per 
sinusvloeistof monster uit dit onderzoek was hoog, meer dan 2. Beide resultaten hebben 
consequenties voor de behandeling. Beta-lactamase producerende bacteriën kunnen 
antibiotica afbreken en daardoor zichzelf, maar ook andere bacteriën bescherming bieden 
tegen de werking van antibiotica. Het vóórkomen van meer dan één bacteriesoort in 
sinusvloeistof is karakteristiek voor chronische sinusitis. Het noodzaakt behandeling met 
breed-spectrum antibiotica.

De diagnose sinusitis werd in het onderzoek bevestigd aan de hand van afwijkingen op een 
sinus röntgen-foto. Drie afwijkingen op een sinusfoto zijn indicatief voor sinusitis; een 
vloeistofspiegel in de sinus, complete sluiering van de sinus en een slijmvlieszwelling van 
tenminste 50% van de diameter van de sinus. In de dagelijkse praktijk wordt veelvuldig 
gebruik gemaakt van sinusfoto’s om de diagnose sinusitis te bevestigen, om sinusitis uit te 
sluiten, of als onderdeel van de controle na behandeling van sinusitis. Huisartsen
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verwijzen patiënten doorgaans naar een radioloog om een sinusfoto te laten maken. Aan de 
hand van de uitslag van de foto kan de huisarts vervolgens een behandeling starten. 
Hoofdstuk 6 is gewijd aan een onderzoek naar de overeenkomst tussen KNO artsen en 
radiologen in het beoordelen van sinusfoto’s. In het algemeen was de overeenkomst tussen 
specialisten binnen hun eigen specialisme goed. Tussen de specialismen was de 
overeenkomst minder goed, hoewel statistisch acceptabel. Echter één opvallend verschil 
tussen KNO artsen en radiologen kwam duidelijk aan het licht. KNO artsen beoordeelden 
een sinusfoto vaker als afwijkend dan radiologen. Dit was een opmerkelijk resultaat dat 
nooit eerder is beschreven. De gevolgen voor de praktijk hoeven echter niet groot te zijn. 
De KNO arts ziet namelijk altijd de patient en de sinusfoto en hoeft dus nooit een 
behandeling te starten op basis van uitslagen van sinusfoto’s alleen. Gegeven de goede 
overeenkomst tussen specialisten en specialismen hebben wij geconcludeerd dat 
sinusfoto’s nog steeds kunnen worden gebruikt ter bevestiging van de diagnose sinusitis, 
ook bij multicentrisch onderzoek.

Het gebruik van sinus spoelvloeistof in de diagnostiek van sinusitis is controversieel. 
Naald aspiraten worden beschouwd als de gouden standaard. Als gevolg van de techniek 
van kaakspoelen kan sinus spoelvloeistof besmet raken met neusflora. Het is niet 
eenvoudig de mate en relevantie van een dergelijke besmetting vast te stellen. In 
hoofdstuk 7 wordt een aantal methoden beschreven waarmee de bruikbaarheid van 
bacteriologische kweken van sinus spoelvloeistof verbeterd kan worden. De uitkomst van 
dit onderzoek lijkt te wijzen op de mogelijkheid om sinus spoelvloeistof te gebruiken in de 
diagnostiek van sinus maxillaris aandoeningen. Voorwaarde is dat niet alleen de resultaten 
van een bacteriologische kweek worden gebruikt, maar ook de resultaten van 
microscopisch onderzoek van de monsters. Wij vonden een duidelijke relatie tussen de 
aanwezigheid van bacteriën en leukocyten in het microscoop preparaat en de aanwezigheid 
van bacteriën in de kweek van hetzelfde monster. Het lijkt zo te zijn dat de kweekresultaten 
van sinuspoelvloeistof alleen waarde hebben wanneer in het microscoop preparaat 
duidelijk aanwijzingen kunnen worden gezien voor een actieve infectie.
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Conclusies
De resultaten van dit onderzoek leiden tot een aantal conclusies met betrekking tot de 
diagnostiek en behandeling van chronische kaakholteontsteking:

1. Het lijkt zinvol de behandeling van chronische kaakholtenontsteking te starten met 
kaakspoeling(en) gecombineerd met een breed-spectrum antibioticum. Deze behandel
methode is effectief en veilig en voorkwam in ons onderzoek aanvullend chirurgisch 
ingrijpen bij 58% van de patiënten.

2. Functionele bijholtenchirurgie hoeft slechts dan te worden uitgevoerd wanneer initiële 
conservatieve therapie, bestaande uit kaakspoeling(en) en antibiotica, niet tot het gewenste 
resultaat heeft geleid. Twee weken na conservatieve behandeling is het bij de meeste 
patiënten duidelijk of aanvullende chirurgie noodzakelijk is of niet.

3. De microbiologie van chronische kaakholtenontsteking is divers. Een grote variëteit aan 
anaerobe en aerobe bacteriesoorten kan worden aangetroffen in de sinusvloeistof van 
patiënten. Twee typen bacteriële infecties lijken voor te komen; primaire en secondaire 
infecties. Primaire infecties worden direct veroorzaakt door een pathogene bacteriesoort. 
Secondaire infecties kunnen optreden wanneer door veranderde omstandigheden in de 
kaakholte, normaal onschadelijke bacteriën de kans krijgen te gaan koloniseren en op die 
manier een ontstekingsproces kunnen starten of aan de gang houden.

4. Sinus spoelvloeistof kan gebruikt worden in de diagnostiek en microbiologie van 
purulente sinus ontstekingen. Op voorwaarde dat de bacteriologische kweek wordt 
gecombineerd met microscopisch onderzoek van het monster. Op deze manier is het 
mogelijk besmetting van het monster met neusflora, te onderscheiden van bacteriën 
afkomstig uit de geïnfecteerde sinus.

5. Bij multicentrisch onderzoek kunnen sinus röntgenfoto’s worden gebruikt ter 
bevestiging van de diagnose sinusitis. De overeenkomst tussen KNO artsen en radiologen, 
binnen de specialismen en tussen de specialismen, is statistisch voldoende goed. Een 
interessante bevinding is dat KNO artsen eerder dan radiologen de neiging hebben een 
sinusfoto als afwijkend te beschouwen.

6. Medisch Ethische Commissies (MECs) kunnen een belangrijke hindernis bij het
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voorbereiden en starten van multicentrisch onderzoek vormen. Ingegeven door de huidige 
wetgeving heeft elk ziekenhuis een eigen MEC die onderzoeksvoorstellen beoordeelt. Het 
gevolg hiervan is met name vertraging in de aanloop van multicentrisch onderzoek. 
Teneinde deze situatie te verbeteren zou een grotere mate van samenwerking tussen MECs 
in ziekenhuizen die deelnemen aan multicentrisch onderzoek nuttig zijn.

Mogelijkheden voor toekomstig onderzoek
Als vervolg op de resultaten van dit onderzoek is het interessant zijn om onderscheid te 
kunnen maken tussen het effect van kaakspoeling en functionele bijholtenchirurgie met en 
zonder toegevoegde antibiotica. Op deze manier kan duidelijk worden wat de rol van 
bacteriën nu werkelijk is bij chronische sinusitis. Of die rol opportunistisch is of primair. 
Verder is het nog niet duidelijk wat het effect van herhaalde kaakspoelingen is en of er een 
optimum aantal herhalingen bestaat. Ook het meest geschikte moment om behandeling 
met antibiotica te starten is onbekend. Het is nog nooit onderzocht of antibiotica beter 
kunnen worden gegeven voorafgaand aan kaakspoeling of chirurgie (en hoe lang vooraf), 
of gelijktijdig, of na afloop. Antibiotica gegeven voorafgaand aan verdere behandeling 
zouden wel eens verbeteringen op weefselniveau kunnen geven waardoor het resultaat van 
kaakspoeling of chirurgie nog beter kan worden. Het is belangrijk bij al dit soort studies de 
samenstelling van de studiegroep goed te definiëren. Met name de homogeniteit van de 
studiegroep bepaalt de waarde van conclusies die getrokken worden naar aanleiding van de 
uitkomsten van onderzoek.
Met behulp van elektronenmicroscopische technieken is onlangs de relatie tussen het 
functioneren van trilharen en mucociliair transport zichtbaar gemaakt. Met soortgelijke 
technieken zou het effect van de verschillende behandelmethoden op cellulair niveau 
kunnen worden bestudeerd. Dit kan leiden tot een beter begrip van de resultaten van 
bepaalde behandelingen, waardoor betere keuzes kunnen worden gemaakt als het gaat om 
de beste behandeling voor een patiënt. Recent onderzoek lijkt te wijzen op cel- 
beschadigende effecten van sommige antibiotica. Dit is buitengewoon interessant. Dit zou 
wel eens de oorzaak kunnen zijn van therapiefalen, ondanks bacteriële gevoeligheid, van 
sommige antibiotica. Echter over de manier waarop deze celschade ontstaat is nog niets 
bekend.

Tenslotte wordt het steeds belangrijker om de kost-effectiviteit van de behandeling van 
chronische kaakholtenontsteking te gaan onderzoeken. Veel vragen over de directe en 
indirecte kosten van ziekte en behandeling kunnen nog niet beantwoord worden. In de
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huidige situatie van schaarste in zorg kunnen aan de hand van antwoorden op deze vragen 
behandelkeuzen, maar bijvoorbeeld ook behandelschema’s, op een optimale wijze worden 
gemaakt. Een andere manier om naar het resultaat van behandeling te kijken is het effect 
op het welzijn en de kwaliteit van leven van de patient. Er zijn methoden ontwikkeld om 
deze twee aspecten specifiek voor KNO ingrepen te beoordelen. Het zou interessant zijn 
om met behulp van dergelijke eindpunten de effectiviteit van de verschillende 
behandelingen, niet alleen in klinisch onderzoek, maar ook in een naturalistische 
omgeving, te bestuderen.
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ratten. Dit laatste onderzoek vond plaats bij de vakgroep nefrologie en hypertensie in het 
Academisch Ziekenhuis Utrecht (Hoofd: Prof. H.A. Koomans). In oktober 1991 voltooide 
hij de studie Medische Biologie.
Sinds januari 1992 is hij werkzaam op de medische afdeling van Eli Lilly Nederland te 
Nieuwegein. Eerst als Clinical Research Associate, op dit moment als Manager Clinical 
Research. Gedurende deze periode heeft hij aan het onderzoek gewerkt dat heeft 
geresulteerd in dit proefschrift. Het onderzoek is uitgevoerd op de poliklinieken KNO in 
verschillende ziekenhuizen in Nederland, in de Streeklaboratoria voor de Volksgezondheid 
in Deventer en Leeuwarden en in het Academisch Ziekenhuis Utrecht bij de afdelingen 
Keel-Neus-Oorheelkunde en Radiologie.
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APPENDIX I

Technique Functional Endoscopic Sinus Surgery ’’Infundibulotomy”

After local anesthesia of the nasal mucosa with cocaine flakes 200 mg, in combination 
with adrenaline drops (1:1000), the lateral nasal wall is injected anterior of the uncinate 
process with a solution of lidocaine and adrenaline 1:100,000. With a small curved knife 
an incision is made just anterior of the uncinate process from above downwards. With a 
biting forceps the uncinate process is tom out bluntly. The ostium of the maxillary sinus is 
localized. With a biting forceps the ostium of the maxillary sinus will be enlarged 
posteriorly. With this maneuver the ethmoid bulla is opened and removed. With a back 
biting forceps the ostium of the maxillary sinus is also enlarged in anterior direction. The 
whole procedure is done under control of a rigid nasal endoscope.
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APPENDIX II-A

Core Informed Consent document

Two surgical methods combined with loracarbef to treat chronic maxillary sinusitis
You are invited to take part in a study in which two common surgical techniques are 
compared. Both surgical techniques will be combined with a new antibiotic.
Your doctor has diagnosed, by the sinus x-ray and the sinusscopy, that you suffer from a 
chronic sinusitis which probably has been caused by a germ, and by obstruction of the 
maxillary sinus and nose. A culture has been taken out of your maxillary sinus. You need 
to be treated by an antibiotic and a small surgical intervention (sinuslavage or opening of 
the sinus opening to the nose). Two randomly divided groups have been made who will 
undergo either sinuslavage or widening of the sinus opening to the nose. After your 
approval to participate in this study your doctor will be told by the clinical trial monitor to 
which group you belong. 200 patients will be entered into this study. The aim of this study 
is to determine how effective these two treatments are, in chronic sinusitis, for the short 
and long-term follow-up. A good long-term follow-up study has not been performed yet.

Procedures

During the 10 days antibiotic treatment one of the two surgical interventions will be 
performed in the outpatient clinic. During 3 months you will need 3 follow-up assessments 
by your doctor. At the last visit a control sinus x-ray will be performed. After one year you 
will be asked to evaluate the long term follow-up of this treatment.

Risks

More than 5000 patients have been treated over the world with loracarbef. No serious side 
effects have been seen. When you take any medication, there is a small chance that it may 
have an adverse effect on you. The side effects which are most likely to occur with the 
antibiotic used in this study are: rash, gastrointestinal effects and possible changes in some 
of your blood tests. In addition, it is possible that side effects occur that have never been 
seen before. You are asked to tell your doctor about any side-effects that you notice. If you 
have been allergic to either penicillin or cephalosporin antibiotics, you should not enter 
this study.
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Compensation

If injury occurs to you as a result of your participation in this study, Eli Lilly and Company 
will pay the expenses for the treatment of that injury, unless these are covered by your own 
insurance.

Voluntary participation

Your participation in this study is completely voluntary and if you decide at any time that 
you do not wish to participate in the study any longer, this will in no way jeopardize your 
treatment. Your otolaryngologist or Eli Lilly may stop your participation at any time.
You will be notified of significant new findings, that develop during the course of this 
research and may relate to your willingness to continue your participation.

Benefits

The potential benefit of entering this study is the improvement or cure of your infection. In 
addition, this study may help physicians treat future patients with infections similar to 
yours.

Confidentiality

You give your doctor permission to provide the information about yourself, obtained in this 
study and from your medical records, to Eli Lilly and Company, and to regulatory 
authorities. Any medical records which reveal your identity will remain confidential unless 
they are required by law.

If you need any additional information or help please contact your doctor.
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APPENDIX II-B

Translation into Dutch Core Informed Consent document
(adapted according to requirements of the local Medical Ethical Committee in Dutch 
language, to be used in local hospital only)

Patienten informatieformulier

Behandeling van chronische kaakholte-ontsteking met twee, met elkaar te 
vergelijken, poliklinische chirugische ingrepen en loracarbef

U bent uitgenodigd om deel te nemen aan een studie waarin twee gangbare chirurgische 
technieken worden vergeleken. Uw dokter heeft met een kaaholte-foto en een kaakholte- 
kijkoperatie vastgesteld, dat u aan een chronische kaakholte-ontsteking lijdt. Deze wordt 
waarschijnlijk veroorzaakt door een ziektekiem, een kaakholte- en neusverstopping. Er is 
een kweek afgenomen uit uw kaakholte om vast te stellen welke ziektekiem in uw 
kaakholte aanwezig is.
Op dit moment zijn er twee eenvoudige, chirurgische behandelmethoden beschikbaar 
waarmee een chronische kaakholte-ontsteking kan worden behandeld. Dit zijn, methode 1: 
Kaakspoeling, waarbij via een in de kaakholte aangebrachte naald een zoutoplossing 
wordt gespoeld. En methode 2: waarbij met behulp van kleine tangetjes, onder zicht door 
een endoscoop (kijker), de opening van de kaakholte naar de neus wordt vergroot. Het is 
gebruikelijk dat beide behandelingen worden gecombineerd met een antibioticumkuur, ter 
bestrijding van de aanwezige infectie. Beide behandelingen zijn kleine chirurgische 
technieken die poliklinisch worden uitgevoerd. Beide chirurgische technieken worden 
gecombineerd met een 10 daagse kuur met loracarbef, een nieuw, nog niet in Nederland 
geregistreerd antibioticum. In de Verenigde Staten is dit antibioticum al wel geregistreerd 
als medicament voor de behandeling van luchtweginfecties. In Nederland zal het 
antibioticum waarschijnlijk medio 1993 verkrijgbaar zijn.

Het doel van de studie is het vaststellen van de effectiviteit (op korte en lange termijn) van 
elk van deze twee methoden bij de behandeling van een chronische kaakholte-ontsteking. 
Een goede follow-up studie waarbij de effectiviteit van elk van deze twee 
behandelmethoden wordt vergeleken op korte- (3 maanden) en lange-termijn (1 jaar) is 
nooit eerder uitgevoerd.
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Twee willekeurig verdeelde groepen zijn gemaakt die worden behandeld met ofwel: 
kaakspoeling gecombineerd met een antibioticumkuur, ofwel: vergroting van de opening 
van de kaakholte naar de neus gecombineerd met een antibioticumkuur. Nadat u heeft 
toegestemd om aan deze studie deel te nemen krijgt uw dokter van de clinical trial monitor 
te horen bij welk van deze twee groepen u gaat behoren. En derhalve met welke methode 
u zult worden behandeld.

In totaal zullen in Nederland 200 patiënten aan deze studie meedoen.

Handelingen

Een van de twee chirurgische ingrepen zal op de polikliniek bij u worden uitgevoerd, 
ondersteund door een 10 daagse antibioticum kuur. Gedurende 3 maanden zijn er 4 
controle bezoeken bij de arts nodig, ter beoordeling van de genezing van uw chronische 
kaakholte-ontsteking. Tijdens deze controle bezoeken zal de arts een normaal KNO 
onderzoek uitvoeren. Na 3 maanden wordt er een controle kaakfoto gemaakt. Na een jaar 
wordt u nogmaals benaderd om te beoordelen hoe het verdere verloop is gegaan.
Tijdens de eerste visite, na 6 en na 12 weken en na een jaar krijgt u van uw arts een enquete 
uitgereikt waarop u een aantal vragen wordt gesteld die betrekking hebben op uw ziekte. 
Tevens krijgt u 2x een dagboekkaart waarop u gedurende 12 weken na de start van uw 
behandeling dagelijks uw klachten kunt aangeven. Enquete en dagboekkaart zijn bedoeld 
om een indruk te kunnen krijgen van het verloop van uw ziekte tijdens en na de 
behandeling.

Risico

Meer dan 5000 patiënten over de hele wereld zijn behandeld met loracarbef. Er zijn geen 
ernstige bijwerkingen aangetoond. Er is altijd een kleine kans dat een medicijn nadelige 
bijwerkingen voor u heeft. De bijwerkingen die het meest voorkomen bij dit antibioticum 
zijn huiduitslag en maag-darm bijwerkingen. In minder dan 1% van de behandelde 
patiënten zijn voorbijgaande veranderingen van bloedcelaantallen waargenomen. 
Bovendien is het mogelijk dat bijwerkingen voorkomen die nog niet eerder zijn 
aangetoond. U wordt gevraagd alle mogelijke bijwerkingen aan uw dokter mede te delen.
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Als u allergisch bent voor een penicilline- of cephalosporine-antibioticum mag u niet 
meedoen aan deze studie.

Vrijwillige deelname

Uw deelname aan deze studie is volledig vrijwiillig en als u besluit om niet meer mee te 
doen, op welk moment dan ook, zal dit uw behandeling niet in gevaar brengen. Uw KNO- 
arts mag besluiten u uit de studie te halen indien dit uit medisch oogpunt gewenst is. Indien 
er nieuwe informatie over de studie beschikbaar komt, zal dit aan uw arts worden 
meegedeeld. U zult hierover door uw arts geinformeerd worden.

Voordelen

U zult worden behandeld volgens een strak, voorafgesproken behandelprotocol. Deze 
studie kan bijdragen om op den duur te weten bij welke patient, met chronische 
kaaholteontsteking, welke behandelmethode het beste kan worden toegepast.

Vertrouwelijk

U geeft toestemming aan uw dokter om de informatie over u die verkregen wordt uit uw 
medische rapporten aan Eli Lilly and Company door te geven (anoniem).

Indien u nog aanvullende informatie of hulp wilt, kunt u contact opnemen met uw eigen 
KNO-arts.
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Stellingen behorend bij het proefschrift:

Diagnosis and Treatment of Chronic Maxillary Sinusitis

Results of a Randomized Clinical Trial, Supplemented with 
Epidemiological and Methodological Research

1. Kaakspoeling in combinatie met antibiotica kan aanvullende 
bijholtenchirurgie bij veel patiënten met chronische kaakholte 
ontsteking voorkomen.

2. De classificatie “niet-pathogeen” als typering voor een bacterie- 
soort sluit niet uit dat een als zodanig getypeerde bacterie
een ontsteking kan onderhouden.

3. Het begrip “breed-spectrum” antibioticum verdient een bredere 
beschouwing gezien de diversiteit van bacteriesoorten die wordt 
aangetroffen bij chronische kaakholte ontsteking.

4. In combinatie met een Gram-preparaat kan het kweekresultaat 
van sinus spoelvloeistof gebruikt worden voor microbiologische 
diagnostiek bij purulente sinusitis.

5. Kaakspoeling bij chronische kaakholte ontsteking zou wellicht een 
grotere populariteit genieten wanneer het bekend stond als 
“Functionele Fysiologische Bijholte Reiniging”.

6. De aandacht voor herstel van reukverlies na behandeling van 
bovenste luchtweginfecties is omgekeerd evenredig aan het effect 
van reukverlies op het welzijn van de patient.

7. Het opmerkelijke reukherstel na FESS wordt mogelijk veroorzaakt 
door veranderde luchtstromen in de neus ten gevolge van deze 
ingreep.



8. KNO artsen zien meer afwijkingen op sinus röntgen foto’s dan 
radiologen.

9. Een ogenschijnlijk achterwaartse beweging kan leiden tot een 
efficiëntere manier om het einddoel te bereiken; roeien is hier 
een praktisch voorbeeld van, hernieuwd introduceren van 
kaakspoelen bij chronische kaakholte ontsteking eveneens.

10. Medisch Ethische Commissies lopen het gevaar een doel op 
zichzelf te worden.

11. Evidence based medicine: het nieuwste credo in de strijd om de 
magie uit de geneeskunde weg te halen.

12. Groene vruchten zijn niet geschikt om ijs van te maken.

13. Bevlogenheid is een aangename manier om zaken van grotere 
hoogte te aanschouwen.

14. Problemen worden niet opgelost door de gevolgen ervan te bestrijden.

Bert Hartog, januari 1997




