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Introduction
Normal Paranasal Sinus Anatomy and Physiology
Connected to the nasal cavity are four paired sinus cavities: the frontal, maxillary, ethmoid and sphenoid sinus cavities. Anatomy varies widely between individuals, especially
that of the ethmoidal cells.
The lateral nasal wall contains three turbinates (or conchae): the inferior, middle and
superior turbinates. The space lateral and inferior to the middle turbinate, the middle
meatus, is of special interest with respect to the ventilation and drainage of the maxillary, ethmoidal and frontal sinuses. Together, the ostia of maxillary, ethmoidal and
frontal sinuses, the infundibulum, the uncinate process and the middle meatus, form a
functional unit called the ostiomeatal complex (OMC). This ostiomeatal complex plays
a fundamental role in normal functioning of the paranasal sinuses through mucociliary
clearance and ventilation. The frontal sinus drains into the middle meatus through the
frontonasal recess. The boundaries of the frontal recess are the posterior wall of the
agger nasi (the anterior most ethmoid cell) anteriorly, the anterior wall of the ethmoid
bulla posteriorly, the lamina papyracea laterally, and the middle turbinate medially1. The
anterior wall of the frontal recess contains a bony area where the nasal process fuses
with the nasal bones. This area resembles a beak on sagittal CT-scans and surgeons refer
to this area as the “nasofrontal beak”. It is of clinical significance for Draf III or modified
endoscopic Lothrop surgery. The frontal sinus mucosa has its venous drainage through
the diploic veins of Breschet. These veins communicate directly with the dural sinuses
and marrow cavity of the frontal bone, allowing frontal sinusitis to develop into osteomyelitis and intracranial infection.

Acute Rhinosinusitis
Epidemiology of Acute Rhinosinusitis
Acute viral rhinosinusitis (ARS) is a very common condition with prevalence rates reported in literature varying from 6 to 15%. Adults suffer an estimated two to five episodes
of ARS per year, school children seven to ten2,3. ARS is most often caused by viruses (especially rhinoviruses) with 0.5-2.0% of patients developing acute bacterial rhinosinusitis
(ABRS) as a superinfection2,4. The most common bacteria isolated from maxillary sinuses
of patients with bacterial ARS are Streptococcus pneumoniae, Haemophilus influenzae
and Moraxella catarrhalis.
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Definition and Diagnosis of Acute Rhinosinusitis
The diagnosis of ARS in adults is defined by the sudden onset of two or more symptoms,
one of which should be nasal blockage/obstruction/congestion or nasal discharge,
±facial pain/pressure, ±reduction or loss of smell for less than 12 weeks5. In children
ARS is defined as a sudden onset of two or more of the following symptoms in a period
during less than 12 weeks: nasal blockage/obstruction/congestion, discoloured nasal
discharge or cough.
ARS is divided into viral ARS (common cold) and post viral ARS. In viral ARS symptoms
last less than 10 days. Post viral ARS is characterized by an increase in symptoms after
5 days or persistence beyond 10 days. Bacterial ARS is suggested when at least three of
the following signs/symptoms are present: discoloured discharge (with unilateral predominance) and purulent secretion in the nasal cavity, severe local pain (with unilateral
predominance), fever, elevated ESR/CRP or ‘double sickening’ (i.e. deterioration after an
initial milder phase of illness).
Most patients with ARS do not seek medical care. When patients do consult a doctor,
most often a general practitioner. In uncomplicated cases, ARS is diagnosed based on
clinical criteria. Supplementary investigations are not required. Differentiation between
viral and bacterial ARS is difficult and in most cases irrelevant.

Pathophysiology of Acute Rhinosinusitis
Viral infection of the sinonasal mucosa results in hypersecretion of mucus, ciliary
dyskinesia, loss of cilia, and mucosal swelling, thus compromising the patency of the
ostiomeatal complex. In addition, ciliary clearance may be insufficient for the increased
amount of mucus, causing stasis of secretions, reduced removal of pathogens and
further exacerbation of inflammation of the mucosa. Despite this seemingly vicious
circle, ARS is often self-limiting. The immune response involves the innate (non-specific)
immune system, with many cytokines and chemokines including interferon-α and –γ,
(lysyl)bradykinine and TNF-α, and a specific cell-mediated response involving neutrophils, macrophages, eosinophils, dendritic cells, epithelial cells, mast cells, natural killer
cells, B- and T-lymphocytes. Innate immunity is thought to be sufficient in case of viral
infections, while the adaptive immune system is required in case of bacterial infection.

Management of Acute Rhinosinusitis
As ARS is self-limiting in most cases, its management consists of symptomatic treatment
(nasal decongestants, saline nasal douches and/or painkillers) in patients with mild
symptoms. Intranasal corticosteroids can be prescribed for moderate and severe disease. In patients with severe ARS, oral corticosteroids can give short-term relief of acute
symptoms. Antibiotic therapy should be reserved for patients with multiple symptoms
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of severe disease: purulent rhinorrhoea, severe (unilateral) facial pain, high fever and/or
“double sickening” (deterioration after an initial milder illness)5,6.

Complications of Acute Rhinosinusitis
Complications of ARS are rare, but potentially dangerous, and can be categorized in
orbital, intracranial or osseous complications.
Orbital complications are the most frequently encountered complications of ARS.
Sinus-infections can spread directly to the orbita via the thin and often dehiscent
lamina papyracea7 or indirectly via the venous system8. In order of decreasing frequency,
these complications are caused by ethmoidal, maxillary, frontal and rarely sphenoidal
sinusitis7,9-11. According to Chandler’s classification, orbital complications may progress
according to the following steps12: pre-septal cellulitis, orbital cellulitis, subperiosteal
abscess, orbital abscess and cavernous sinus thrombosis. Since the orbital septum is the
anterior limit of the orbit, pre-septal cellulitis is not an orbital complication in the strict
sense of the term. It rather is an infection of the eyelid and is only rarely caused by a
sinus infection. Other possible causes of pre-septal cellulitis are acute dacryocystitis and
trauma. Clinical differentiation between pre-septal and orbital cellulitis is impossible
just by looking at the patient, since both present with (sometimes impressive) edema
and erythema of the eyelid and sometimes fever. Orbital cellulitis, however, causes exophthalmos and impaired, painful ocular movements with diplopia, whereas pre-septal
cellulitis does not13. Mortimore argued in 1997 that cavernous sinus thrombosis is an
intracranial complication and not necessarily the end stage of an orbital infection14.
Moreover, this complication is most often the result of sphenoidal sinusitis15, as opposed
to other orbital complications of (acute) rhinosinusitis.
Intracranial complications are most frequently associated with ethmoidal, frontal or
sphenoidal sinusitis and include epidural or subdural abscesses, cerebral abscess, meningitis, encephalitis, superior sagittal and cavernous sinus thrombosis. Infection can advance from the sinuses to the endocranial compartment via two routes: either through
the valveless diploic veins or by eroding the sinus bones16. The clinical presentation of
intracranial complications can be non-specific (high fever, severe headache) or even
silent. However, the majority of patients presents with signs and symptoms suggesting
intracranial involvement, such as nausea and vomiting, diminished consciousness and
meningitis14,16-19. Intracranial abscesses often proclaim themselves by signs of increased
intracranial pressure, meningeal irritation and focal neurological deficits, such as palsies of the third, sixth or seventh cranial nerve14,17,20. Other symptoms of intracranial
abscesses include subtle behavioural and affective changes, altered consciousness, gait
instability and severe, progressive headache5.
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Osseous complications result from osteomyelitis of the facial bones, most frequently
of the maxillary (typically in infancy) or frontal bones21. Frontal sinusitis is the most
common cause of osseous complications, but any sinus infection can lead to such a
complication18,22. Osteomyelitis of the anterior frontal plate may clinically present as
a dough-like swelling of the skin over the frontal bone. This condition is also called
Pott’s puffy tumour, named after Sir Percivall Pott who described in 1775 a case of local
subperiosteal abscess formation due to frontal bone suppuration caused by trauma. A
Pott’s puffy tumour can be mistaken for a neoplasm, skin or soft tissue infection or an
infected haematoma. Besides a painful swelling of the forehead, Pott’s puffy tumour can
present with bilateral eyelid edema, headache and fever. Osteomyelitis can also affect
the posterior table of the frontal sinus, resulting in an epidural abscess or meningitis.

Chronic Rhinosinusitis
Epidemiology
Chronic rhinosinusitis (CRS) is one of the most prevalent chronic diseases posing a
significant burden on individuals in terms of diminished quality of life and on health
care systems and society with high medical costs, restricted activity and/or absence
from work23-25. Based on surveys, the estimated prevalence of CRS in US adults is 12%26.
A questionnaire using EPOS criteria sent to a random sample of adults in 19 areas in
Europe rendered a prevalence of 11% (range 7-27%)27. However, since facial pain is often
erroneously attributed to rhinosinusitis28, doctor-diagnosed disease confirmed by nasal
endoscopy or CT is probably less prevalent.

Definition and Diagnosis of Chronic Rhinosinusitis
Definition and pathophysiology
In the EPOS position paper CRS is defined as an inflammation of the nose and paranasal
sinuses lasting more than 12 weeks and characterized by two or more of the following
symptoms: nasal obstruction, nasal discharge, facial pain/pressure and reduction or loss
of smell5. The presence of either nasal obstruction and/or nasal discharge is mandatory
for the diagnosis. The term ‘rhinosinusitis’, in contrast to ‘sinusitis’, reflects the perspective that the nasal mucosa is inflamed first, followed by the sinus mucosa through direct
and indirect effects. In a very small percentage of patients, this pathway is reversed,
for instance in case of a dental or iatrogenic cause. Rarely, intrinsic inflammatory processes within the mucosa (Wegener’s granulomatosis, sarcoidosis), specific genetic host
factors like cystic fibrosis (CF) or systemic immunodeficiency can be the cause of CRS.
However, in the vast majority of CRS cases, the aetiology and pathogenesis remains
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unclear. Several pathogen-driven hypotheses have been proposed, but none of these
have proven themselves valid. The current consensus is that CRS can be explained by
a persistent inflammation of nasal and paranasal mucosa as a result of a dysfunctional
host-environment interaction occurring at their interface29.
Symptoms of CRS and differentiation from non-sinogenic facial pain
Nasal obstruction is reported by around 90% of CRS patients30,31 and is the result of dilatation of venous sinusoids due to inflammation and edema and/or nasal polyps. Topical
decongestants may only partly reverse this symptom. Nasal discharge, either anterior
or posterior, can be watery or thick and purulent and is present in roughly 85% of CRS
patients32.
In contrast to popular belief, studies show that only 1 out of 8 patients with facial
pain with presumed rhinosinusitis actually have rhinosinusitis33 and that the prevalence
of facial pain in CRS patients varies from 18 to 78%28,30,31. It is important to realize that
facial pain is more often than not caused by something other than rhinosinusitis, such
as migraine, tension-type facial pain or midfacial segment pain33,34. Differentiation between the multiple possible causes of facial pain is made on the basis of patient history,
nasal endoscopy and/or CT-imaging and response to treatment. Differentiation on the
basis of history alone is very difficult, since symptoms are often nonspecific. Facial pain
in CRS is typically described as a pressing sensation over non-hairy skin of the forehead
and/or cheeks. Increased pain when bending forward is not seen more often in rhinosinusitis than in other forms of headache. Facial migraine typically presents with severe
throbbing pain in the periorbital and frontal regions. It is usually unilateral, but can be
bilateral in 25% of patients and on alternating sides in another 25%. Other symptoms of
facial migraine include nausea, vomiting, photo- and phonophobia and exacerbation by
exertion35. Tension-type facial pain is usually a symmetrical pressing pain above the nasion or across the whole forehead with often an occipital component. Midfacial segment
pain is also described as a feeling of symmetrical pressure and may involve the nasion,
the external nose, the peri- or retro-orbital regions and/or the cheeks.
Nasal endoscopy
Nasal endoscopy is used to differentiate patients with non-sinogenic pain from patients
with rhinosinusitis with or without nasal polyps. Facial pain with normal nasal endoscopy
is unlikely to be due to rhinosinusitis5. In CRS-patients nasal polyps and/or mucopurulent discharge, primarily from the middle meatus, and/or edema/mucosal obstruction,
predominantly in the middle meatus, can be seen on nasal endoscopy. CRS is divided
into CRS without nasal polyps (CRSsNP) and CRS with nasal polyps (CRSwNP), based on
endoscopic findings. Differentiation between CRSsNP and CRSwNP based on clinical
presentation alone is difficult, because of considerable overlap in symptoms, although
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using the RSOM-31 questionnaire patients with CRSwNP score higher on rhinorrhoea
and decreased sense of taste and smell and patients with CRSsNP have higher scores on
facial pain and pain in the ear30.
Imaging
CT-scanning is the imaging modality of choice in case of CRS because of optimal display
of air, bone and soft tissue. It may show mucosal changes within the ostiomeatal complex
and/or sinuses and provides information about the bony sinus anatomy. Multiple CTstaging systems have been developed, but the Lund-Mackay system is the most widely
used36. This validated outcome measure relies on a numerical score of 0 to 2 dependent
on the opacification of each sinus. The patency of the ostiomeatal complex is also
scored. The maximum score per side is 12 (see Table 1). Findings on CT and endoscopy
have been shown to correlate well, while this is not the case for CT and symptoms37,38.
If the diagnosis of CRS has been confirmed by nasal endoscopy, a CT scan is only
necessary if there is an indication for surgery. Surgery can be considered if medical
therapy has failed or in case of unilateral CRS and/or other ominous symptoms. When
the diagnosis of CRS cannot be confirmed by nasal endoscopy, a CT scan can be used to
determine the extent of opacification of the paranasal sinuses. In case of non-sinogenic
facial pain, showing CT-images with normally air filled sinuses may help in convincing
the patient that sinus disease is not the cause of his or her facial pain.
On CT-scan a clear distinction between bone, air and soft tissue can be made. Differentiating between different types of soft tissue or fluid, however, is not always possible.
Magnetic resonance imaging (MRI) is superior over CT in distinguishing between different types of soft tissues and is therefore useful in diagnosing soft tissue tumours such as
mucoceles, inverted papilloma and malignancies.

Table 1 – Lund-Mackay staging system36
Sinus system

Right

Left

Maxillary

0-2

0-2

Anterior ethmoidal

0-2

0-2

Posterior ethmoidal

0-2

0-2

Sphenoidal

0-2

0-2

Frontal

0-2

0-2

Ostiomeatal complex

0-2

0-2

Total

0-12

0-12

For all sinus systems:		
0 = no abnormalities		
1 = partial opacification
2 = total opacification

For ostiomeatal complex:
0 = not occluded
1 = occluded
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management of chronic rhinosinusitis
In EPOS, evidence-based guidelines for the treatment of CRS are provided, based on a
meta-analysis of randomized, controlled clinical studies (see figures 1, 2 and 3). Topical
corticosteroids, either in spray or droplet form, are the most common treatment. These
agents suppress the inflammatory response that causes nasal congestion, blockage and
facial pain, improve OMC drainage and sometimes the sense of smell. Nasal saline irrigation is another important pillar in the treatment of CRS. It enhances mucus clearance,
ciliary beat activity, removal of antigen, biofilm, or inflammatory mediators and has a
protective role on sinonasal mucosa. In case of insufficient improvement with topical
treatment, long-term antibiotics (macrolides) and/or systemic corticosteroids can be
prescribed. Short-term courses of oral corticosteroids can be given two to three times a
year. Short-term courses of antibiotics and intranasal decongestant should be reserved
for acute exacerbations of CRS. In case of allergy, antihistamines can relieve allergic
(nasal) symptoms. Antifungal treatment has not shown to be effective in patients with
CRS39,40.

Two or more symptoms one of which should be either nasal
blockage/obstruction/congestion or
nasal discharge: anterior/post nasal drip;
±facial pain/pressure,
±reduction or loss of smell;
examination: anterior rhinoscopy
X-ray/CT not recommended

Endoscopy not available

Endoscopy available

Examination: anterior rhinoscopy
X-ray/CT not recommended

Follow ENT scheme for
CRSsNP or CRSwNP

Topical steroids
Nasal irrigation

Refer to ENT-specialist if
operation is considered

Consider other diagnoses:
Unilateral symptoms
Bleeding
Crusting
Cacosmia
Orbital symptoms

Peri-orbital
edema/erythema

Displaced globe

Double or reduced vision

Ophtalmoplegia
Severe frontal headache
Frontal swelling
Signs of meningitis
Neurological signs

Urgent investigation
and intervention

Re-evaluation after 4 weeks

Improvement

No improvement

Continue therapy

Refer to ENTspecialist

figure 1 – CRS in adults management scheme for Primary Care and non-ENT-specialists5
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Two or more symptoms one of which should be either nasal
blockage/obstruction/congestion or
nasal discharge: anterior/post nasal drip;
±facial pain/pressure,
±reduction or loss of smell;
ENT-examination
including
Two or more symptoms
one endoscopy
of which should be either nasal
Consider
CT-scan
blockage/obstruction/congestion
or
Check
for allergyanterior/post nasal drip;
nasal discharge:
Consider
diagnosis and treatment of co-morbidities eg. asthma
±facial pain/pressure,
±reduction or loss of smell;
ENT-examination including endoscopy
Consider CT-scan
Check for allergy
Consider diagnosis and treatment of co-morbidities eg. asthma
Mild
Moderate/severe
VAS 0-3
VAS >3-10
No serious mucosal disease
Mucosal disease on
on endoscopy
endoscopy
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Mild
VAS 0-3
Topical
steroidsdisease
No serious
mucosal
Nasalonsaline
irrigation
endoscopy

No improvement
after 3 months

Improvement
Topical steroids
Nasal saline irrigation

No improvement
after 3 months

Follow up +
NasalImprovement
saline irrigation
Topical steroids
Consider long term antibiotics
Follow up +
Nasal saline irrigation
Topical steroids
Consider long term antibiotics

Moderate/severe
VAS >3-10
Topicaldisease
steroids
Mucosal
on
Nasalendoscopy
saline irrigation
Culture
Consider long term antibiotics
(if IgE not elevated)
Topical steroids
Nasal saline irrigation
Culture
not
ConsiderCT-scan
long termif antibiotics
done
(if IgE
not before
elevated)

CT-scan
if not
No
improvement
done before

Consider surgery
No improvement

Consider surgery

Consider other diagnoses:
Unilateral symptoms
Bleeding
Crusting
Cacosmia
Consider other diagnoses:
Orbital
symptoms
Unilateral
symptoms
Bleeding
Peri-orbital
edema/erythema
Crusting
Cacosmia
Displaced globe

Double or reduced vision
Orbital
Ophtalmoplegia
symptoms

Peri-orbital
Severe
frontal headache
edema/erythema
Frontal
swellingglobe

Displaced
Signs
of meningitis

Double
or reduced vision
Neurological
signs

Ophtalmoplegia
Severe frontal headache
Frontal swelling
Signs
of meningitis
Urgent
investigation
Neurological
signs
and intervention

CT-scan
Urgent investigation
and intervention
Consider
surgery
CT-scan

Followsurgery
up +
Consider
Topical steroids
Nasal saline irrigation
Culture
Consider long term antibiotics
Follow up +
Topical steroids
Nasal saline irrigation
Culture
Consider long term antibiotics

figure 2 – CRSsNP in adults management scheme for ENT-specialists5

Medical treatment should be optimized before considering surgical intervention. If
medical therapy fails, functional endoscopic sinus surgery (FESS) is the next step. Main
reason for surgery is thought to be the opening of sinus for application of local pharmacotherapy29. The extent of surgery should be tailored to the extent of the disease.
Nasal obstruction, facial pain and postnasal discharge are the symptoms most likely to
improve after FESS. Hyposmia and headache are the least likely to improve. Following
surgery, approximately 20 % of patients report insufficient improvement of symptoms
despite concomitant medical therapy and eventually require revision surgery41. Possible
complications of FESS include haemorrhage, cerebrospinal fluid leakage, meningitis,
impairment of eye movement, decrease in vision and blindness. In revision surgery
complication rates are higher and approximate 1%, but may be as high as 7%42,43. Radical
sinus surgery, such as Draf III (modified endoscopic Lothrop) procedure or frontal sinus
obliteration, can serve as a last resort if previous medical treatment and functional sinus
surgery fail.
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Consider other diagnoses:
Unilateral symptoms
Bleeding
Crusting
Cacosmia
Orbital symptoms

Peri-orbital
edema/erythema

Displaced globe

Double or reduced vision

Ophtalmoplegia

Two or more symptoms one of which should be either nasal
blockage/obstruction/congestion or
nasal discharge: anterior/post nasal drip;
±facial pain/pressure,
±reduction or loss of smell;
ENT-examination including endoscopy (size of polyps)
Consider CT-scan
Consider diagnosis and treatment of co-morbidities

Mild
VAS 0-3
No serious mucosal disease
on endoscopy

Topical steroid spray

Severe frontal headache
Frontal swelling
Signs of meningitis
Neurological signs

Moderate/severe
VAS >3-7
Mucosal disease on
endoscopy

Severe
VAS >7-10
Mucosal disease on
endoscopy

Topical steroid spray
Consider increased dose
Consider drops
Consider doxycycline

Topical steroids
Oral steroids
(short course)

Review after 3 months

Improvement

Continue topical steroids

Urgent investigation
and intervention

Review after 1 month
No improvement
Improvement
rovement

No improvement

CT-scan

Review every 6 months

Follow up +
Nasal irrigation
+ topical ±oral steroids
±long term antibiotics

Surgery

figure 3 – CRSwNP in adults management scheme for ENT-specialists5

outline of this thesis
Complicated rhinosinusitis: a title chosen for its multi-interpretable nature. In the
Oxford dictionary ‘complicated’ is defined as ‘consisting of many interconnecting parts
or elements’ and ‘involving many different and confusing aspects’ as well as ‘involving
complications’ in medicine.
It is the last definition that is applicable to chapter 2 which focuses on the medical
complications of acute rhinosinusitis. Chapter 2.1 describes the incidence and management of orbital and intracranial complications of acute rhinosinusitis in The Netherlands.
Chapter 2.2 concentrates on Pott’s puffy tumour, a rare complication of acute frontal
sinusitis. We present a series of six cases in which this complication is treated by minimally invasive surgery.
As stated earlier, rhinosinusitis is considered a multifactorial disease with different
potential pathophysiological mechanisms, which are not fully understood. Indeed a
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complicated disease with many interconnecting parts and confusing aspects, making
its treatment a challenge to the physician. This challenge is the subject of chapter 3. In
chapter 3.1 we report the results of a randomized clinical trial investigating the efficacy
of corticosteroid nasal spray delivered by a new device, while chapters 3.2 and 3.3 address radical sinus surgery for recalcitrant chronic rhinosinusitis as a last resort option. In
chapter 3.2 we report the results of Draf type III frontal sinus surgery in 122 patients and
in chapter 3.3 the results of frontal sinus obliteration in 40 patients.
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Abstract
Background Despite the evidence demonstrating that antibiotics are of little benefit
in acute rhinosinusitis (ARS), general practitioners continue to prescribe them, possibly
in an attempt to prevent potentially dangerous complications. In this study, we present
epidemiological data about the incidence, course and severity of such complications in
the Netherlands.
Methods This retrospective cohort study included all patients hospitalized in the Netherlands in 2004 with a complication of ARS. Records were made of the symptoms of
ARS and the complication, demographics, medical history, medical treatment preceding
hospitalization, diagnostic techniques, therapeutic management, course and outcome.
Results Forty-seven patients with 48 complications (16 intracranial and 32 orbital) were
included. In the intracranial group (mean age 35.9 years), six patients had been treated
with oral antibiotics prior to hospitalization. While hospitalized, all patients were treated
with intravenous antibiotics and 15 underwent surgery. Eight patients recovered fully
after treatment, three patients had residual symptoms and three patients died (missing
data: 2). Of the 31 patients with orbital complications (mean age 17.4 years), 14 received
oral antibiotics before admission. While hospitalized, all patients were treated with intravenous antibiotics and 13 underwent surgery. Twenty-seven patients recovered fully
and two had residual symptoms (missing data: 2).
Conclusion Severe ARS complications occur in an otherwise healthy population in an
estimated 1:12 000 paediatric and 1:32 000 adult cases in the Netherlands. Our study
suggests that antibiotic treatment of ARS in general practice does not play a role in
preventing complications.
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Introduction
Acute rhinosinusitis (ARS) is one of the commonest diagnoses made in primary care,
and its management has significant implications for both public health and costs: multiple meta-analyses 1–3 have shown the limited benefits conferred by routine antibiotic
prescription in the general population. Interestingly, despite the evidence of the lack
of benefit of blanket antibiotic use in ARS, prescribing patterns vary widely between
countries, ranging from 70%4 to 99%5. The Netherlands has one of the lowest (if not the
lowest) antibiotic prescription rates in primary care in Europe6 (and correspondingly,
one of the lowest rates of bacterial resistance).7 To manage patients with rhinosinusitis,
GPs in The Netherlands generally use the guideline from the Dutch College of General
Practitioners. The treatment is based on the severity of the symptoms and the risk of developing complications. It advises to start with symptomatic treatment. This guideline
states that antibiotics are not indicated for the normal course of ARS.8 A recent questionnaire based study showed that 34% of Dutch GPs (consider to) prescribe antibiotics
for moderate ARS. In case of severe ARS, this percentage increases to 84%.9 However,
informed decision about the risk of using antibiotics (or not) must also take into account
the potential effect of antibiotics as well as the incidence of rare but potentially serious sequelae of ARS, including orbital and intracranial complications. Box 1 lists early
symptoms of complications of ARS justifying immediate referral to specialist care.10 A
balanced cost/benefit analysis requires accurate epidemiological data that documents
the incidence, course and severity of these complications. This study presents data of
this kind from the Netherlands.
•
•
•
•
•
•
•
•

Periorbital edema
Displaced globe
Double vision
Ophthalmoplegia
Reduced visual acuity
Severe unilateral or bilateral frontal headache
Frontal swelling
Signs of meningitis or focal neurological signs

Box 1 - Symptoms of complications of ARS justifying immediate referral/hospitalization

Methods
This retrospective cohort study looked at the medical files of patients hospitalized in
Dutch hospitals in 2004 with a complication of ARS. We used hospital data from the
National Medical Register (Landelijke Medische Registratie, LMR). The Prismant research
institute provided all the data. The LMR contains data about admissions in general and
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academic hospitals in the Netherlands. This information includes medical data such as
diagnoses, as well as patient-specific data, including age, gender and date of admission.
The LMR is based on the International Classification of Diseases-9 classification and
procedures from the Dutch Classification System of Procedures. There were no major
changes to these classification systems between 1991 and 2006. Participation in the
LMR is voluntary. In 2004, the participation percentage of hospitals in the LMR was 98%.
We requested data about all patients admitted to a hospital in 2004 with a possible complication of ARS. To ensure we would not miss certain complications, we selected a wide
range of diagnoses that could represent ARS complications (Appendix 1). On the basis of
this database, hospitals were visited to hand search patient files for additional data. The
symptoms of both ARS and the complications were recorded, as well as demographics,
medical history, medical treatment preceding hospitalization, diagnostic techniques,
therapeutic management, course and outcome.

Results
The Prismant database provided us with hospitalization data relating to 488 patients
with a possible complication of ARS in 2004. After excluding 69 duplicate cases, the
number was reduced to 419 cases. In 94 cases, it was not possible to assess the medical
file, either because the hospital did not cooperate with this study or because the patient
could not be identified due to incorrect identification numbers or for other reasons. As
a result, 324 patient files were available and studied. In 278 of these 324 potential cases,
there was no clinical or radiological evidence of ARS in the patient either before or during
hospitalization. The most frequently encountered diagnosis in these 278 patients was
meningitis (86 cases). The second most common diagnosis was intracerebral abscess
with a non-sinogenic focus, for example otitis media. In some patients, an obvious focus
of infection was not identified, but these patients had no symptoms of ARS on clinical or
radiological examination. These patients were therefore excluded from this study (see
Figure 1 for a flowchart). The reader is referred to Appendix 2 for the characteristics of
the excluded patients. Forty-seven patients were identified, with 48 complications of
ARS. The observed complications were divided into two groups: intracranial and orbital
(see Table 1). These two groups will be discussed separately in the remainder of this
article.

Intracranial complications
Sixteen patients had intracranial complications of ARS: 13 of them were males aged
5–77 years (mean 35.9 years). Five patients were <18 years. Two patients (12%) were
diabetic and/or immunocompromised. Six patients had a known ear, nose and throat
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Figure 1 – Case selection flow chart
Table 1 – Complications of ARS
Diagnosis

Total number of patients

Children

Total (in percentage)

Intracranial

16

5

100

Subdural empyema

9

4

56

Meningitis

3

0

19

Intracerebral abscess

2

1

13

Epidural empyema

1

0

6

Encephalitis

1

0

6

Orbital

32

21 (22 complications)

100

Orbital cellulitis

14

13

47

Pre-septal cellulitis

12

6

34

Subperiostal abscess

4

2

13

Intra-orbital abscess

2

1

6

(ENT) history; two were smokers. Table 2 contains details about the medical histories.
Although all patients were diagnosed with ARS on hospitalization, only eight of them
(50%) reported experiencing symptoms of ARS in the days preceding admission. These
patients most commonly complained of purulent rhinorrhoea, headache and fever. Six
patients (37%) had been treated with oral antibiotics prior to hospitalization for 4.5 ± 3.3
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Table 2 – Medical history
Intracranial complications
Yes

No

Unknown

Orbital complications
Yes

No

Unknown

Diabetes mellitus

2

11

3

0

19

12

Immunocompromised

1

11

4

0

19

12

Smoking

1

9

6

2

23

6

CRS with/without nasal polyps

3

13

0

5

19

7

Recurrent ARS

3

4

9

9

6

16

Facial trauma

2

4

10

0

13

18

Nasal/paranasal surgery

1

6

9

5

8

18

days (adults: 4.0 ± 0 and children: 5.0 ± 5.7). Five of these patients had complaints of ARS.
Three patients with complaints of ARS were not treated with antibiotics. Five different
agents were prescribed: amoxicillin (3), doxycycline (2), azithromycin (2), ciproxin (1)
and co-trimoxazol (1).
The most frequently encountered symptoms of intracranial complication upon presentation to the hospital were diminished consciousness and headache. Intracranial and
sinus abnormalities were seen on all CT (15) and MRI scans (6) made. In all of these cases,
there was opacification of at least one sinus. A pansinusitis was found at least on one
side in nine patients. In 4 (all adults) of 16 patients, dehiscence of the posterior wall of
the frontal sinus was seen (due to a mucocele in one case). A defect in the ethmoidal
roof was found in one adult patient and a partial thrombosis of the superior sagittal
sinus in another.
Sinus aspirate was cultured in seven cases, blood cultures were performed in six cases
and cultures of spinal fluid after lumbar puncture were made in seven patients. Table 3
shows the results of these cultures. The results matched in one of the three patients with
both cerebrospinal and sinus fluid cultures. Both sinus fluid and blood were cultured in
four patients. The results matched in three patients.
All patients were treated with intravenous antibiotics for a mean of 32.2 ± 18.5 days
(adults: 28.1 ± 19.2 and children: 46.5 ± 3.5) with 2.9 ± 1.2 different antibiotic agents.
In two cases, intravenous treatment consisted of one single antibiotic: benzylpenicillin
in one case, an unknown antibiotic in the other. Five patients were treated with two
antibiotic agents. Nine patients were treated with three or four different antibiotics
simultaneously. Metronidazole was used in all but one of these cases. In addition to
antibiotic therapy, 11 patients received systemic corticosteroids, 9 patients were given
anti-epileptic medication, 8 patients (4 children) were treated locally with saline nasal
douches and/or xylometazoline nose drops and all but 1 patient (an adult who had
encephalitis without abscess) underwent surgery. Tables 4 and 5 list the diagnoses,
together with the neurosurgical and rhinological management.
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Table 3 – Cultures
N
Intracranial complication
Sinus culture

7

		

Streptococcus intermedius

2

		

Streptococcus milleri

1

		

Streptococcus pneumoniae

1

		

Peptostreptococcus micros

1

		

Corynebacterium xerosis

1

		

Coagulase-negative Staphylococcus

1

		

Anaerobes

1

		

Fusobacterium varium

1

Blood culture

6

		

Streptococcus pneumoniae

1

		

Peptostreptococcus micros

1

		

Fusobacterium varium

1

		

Coagulase-negative Staphylococcus

1

		

No bacteria

2

Lumbar puncture

7

		

Streptococcus pneumoniae

3

		

Streptococcus milleri + Heamophilus parainfluenza

1

		

Unknown micro-organism

2

		

No bacteria

1

Orbital complication
Sinus culture

3

		

Streptococcus intermedius

1

		

Streptococcus aureus

1

		

No bacteria

1

Blood culture

10

		

Coagulase-negative Staphylococcus

1

		

No bacteria

9

Table 4 – Surgical management of intracranial complications of ARS
Diagnosis (n)

Rhinological surgical
treatment (n)

Neurosurgical
treatment (n)

Subdural empyema (9)

Sinus drainage (6)

Drainage empyema (8)

Meningitis (3)

Sinus drainage (3)

Ventricle drain (1)

Intracerebral abscess (2)

Sinus drainage (1)

Drainage empyema (2)
Ventricular drain (1)

Epidural empyema (1)

Sinus drainage (1)

Drainage empyema (1)

Encephalitis (1)

No surgery

No surgery

Other surgical
treatment (n)
Tracheotomy (1)
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Table 5 – Surgical management of orbital complications of ARS
Diagnosis (n)

Rhinological surgical treatment (n)

Orbitosurgical treatment (n)

Orbital cellulitis (14)

Sinus drainage (5)

Orbital decompression (1)

Pre-septal cellulitis (12)

Sinus drainage (2)

Orbital decompression (1)

Subperiostal abscess (4)

Sinus drainage (2)

Orbital decompression (1)
Drainage abscess (1)

Intra-orbital abscess (2)

Sinus drainage (2)

Drainage abscess (2)

Eight patients (50%) recovered fully after treatment and three patients (19%) had
residual symptoms after dismissal from the hospital. Two of these three patients were
children with pansinusitis complicated by subdural empyema. The third patient was an
adult with meningitis secondary to maxillary sinusitis and herpes. All were treated with
intravenous antibiotics, anti-epileptic medication and neurosurgical surgery. One child
did not undergo ENT-surgery. The two children had mild dysphasia after dismissal; the
adult patient suffered from polyneuropathy. In two cases, the outcome is unknown and
three patients (19%) (all males and aged 18, 62 and 77 years) died. The youngest patient,
Table 6 - Complications and management
Orbital

Intracranial
Total

Children

Total

Children

16

5

32

21

ENT history

6

1

11

6

ARS symptoms

8

3

20

12

Antibiotics given by GP

6

3

14

5

7

2

3

2

Number of complications
Before hospitalization

Diagnostics during hospitalization
Sinus aspirate
Blood cultures

6

1

0

11

Lumbar punction

7

1

0

0

Intravenous antibiotics

16

5

32

21

Systemic corticosteroids

11

2

4

3

Anti-epileptics

9

3

0

0

Local treatment (nose drops etc.)

8

4

21

14

Surgery

15

5

13

5

Therapy during hospitalization

Outcome
Full recovery

8

1

27

17

Residual symptoms

3

2

2

1

Unknown outcome

2

2

2

2

Death

3

0

0

0
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a previously healthy man, died of a massive pulmonary embolus 6 days after the sinuses
and subdural empyema were surgically drained. The oldest patient had significant comorbidity, including Kahler’s disease, for which he was undergoing chemotherapy, as
well as diabetes and hypertension. He was admitted with encephalitis against a background of uncontrolled diabetes and immunosuppression. Despite antibiotic therapy,
he went into a coma and died 8 days after admission. The third patient (male and aged
62 years) was admitted with epileptic seizures and was subsequently diagnosed with
an intracerebral abscess, which ruptured into the cerebral ventricles after remaining
undiagnosed for 18 days. Despite repeated surgery (placement of ventricular and intracranial drain and drainage of the abscess), he fell into a coma and mechanical ventilation
was discontinued after 6 weeks. Table 6 provides an overview of the total number of
complications and management, including the numbers for children.

Orbital complications
Thirty-two orbital complications were found in 31 patients, 22 of whom were male and
21 children (one child had two complications). The age range was 6 months to 74 years
(mean 17.4 years). No patients were diabetic or immunocompromised, three had known
allergies and two patients were smokers. Eleven patients had an ENT history. Table 2 lists
details about the medical history.
Twenty patients (65%) reported experiencing typical symptoms of ARS in the days
preceding admission. Another three children had complaints of headache, fever and
malaise without purulent rhinorrhoea. In eight cases, it is unknown whether ARS symptoms were present or absent.
Fourteen patients (43%) had been treated with oral antibiotics for 5.2 ± 5.7 days
(adults: 6.3 ± 7.1 and children: 5.5 ± 6.4) prior to hospitalization: amoxicillin (4), amoxicillin/clavulanic acid (4), clarithromycin (2), flucloxacillin (1), doxycycline (1) or unknown(2).
Seven of these patients did have symptoms of ARS. Thirteen patients with complaints of
ARS were not treated with antibiotics prior to hospitalization. Orbital involvement manifested with swelling (29) and redness (12) of the eyelids, pain in the eye (13), proptosis
(8), limitation of eye movement (6) and/or impaired vision (4).
Abnormalities of the sinus and orbit were seen on all CT (23) and MRI scans (7) made.
Opacification of one or more sinuses was seen in all patients. Orbital wall defects were
found in three adult patients and a maxillary sinus cyst was seen in two others (one
child). Three cultures of sinus aspirate were performed and a blood culture was performed in 11 children. Table 3 lists the results of these cultures. There were no cases in
which a sinus aspirate and a blood culture were taken from the same patient.
After admission to hospital, all patients were treated with intravenous antibiotics. The
mean duration of intravenous antibiotic therapy in this group was 6.6 ± 7.6 days (adults: 5.1
± 1.9, children: 5.3 ± 2.2) with 1.2 ± 0.6 different antibiotic agents. In 29 cases, intravenous
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treatment consisted of a single antibiotic: amoxicillin/clavulanic acid (27), co-trimoxazol
(2), cefuroxime (1) or clindamycin (1). One child with orbital cellulitis and ethmoiditis was
treated with two antibiotic agents: amoxicillin/clavulanic acid in combination with clindamycin. In addition to antibiotic therapy, 4 patients also received systemic corticosteroids,
21 patients were treated locally with saline nasal douches and/or xylometazoline nose
drops and 13 patients underwent surgery (see Table 5). Twenty-seven patients (87%) recovered fully after treatment. Two patients (6.5%) had persistent proptosis after dismissal
from the hospital. In two cases, the outcome is unknown. No patients in this group died.
Table 6 provides an overview of the total number of complications and management,
including the numbers for children.

Discussion
This study tried to establish the incidence, course and severity of complications of
ARS in The Netherlands. We wanted to know whether the low use of antibiotics in the
Netherlands led to more ARS complications. Our interest was triggered by the paucity
of data on this subject. The paper from Stoll from France showed a very high level of
antibiotic use and the paper from van Zuijlen et al. showed that the incidence of acute
mastoiditis in the Netherlands is higher than in countries with higher antibiotic prescription rates.11,12
This analysis confirms the preponderance of youthful and male patients: 65% of
patients with orbital complications and 31% of those with intracranial complications
were under 1813–16 and the male/female ratio was 3:1.11,13,17–21 The higher prevalence in
males is still unexplained. It is estimated that Dutch children have 7–10 common colds
each year. The estimated frequency for adults is 2–5 episodes/year.10 As mentioned elsewhere, 0.5–2% of these common colds result in acute bacterial rhinosinusitis (ABRS). In
2004, the Dutch population consisted of 3.6 million children (<18 years) and 12.7 million
adults. This results in an estimate of 300,000 (between 126,000 and 720,000) paediatric and 700,000 (127,000–127 million) adult cases of ABRS during this year. We found
complications in 25 children and 22 adults, which results in an estimated incidence of
complications in 1:12,000 cases a year of ABRS in children and 1:32,000 cases a year
of ABRS in adults. Stoll et al. found 43 complications of ARS in a period of 17 months,
resulting in an estimated incidence of 30 complications/year. The population served by
the hospitals participating in the study by Stoll et al. consists of an estimated 12 million
people. If the incidence of ABRS in this French population is the same as in our Dutch
adult population, the estimated incidence of complications in this French population
would then be 30 complications/year mainly in adults in a population of 12 million. This
is comparable to the Dutch situation.

Complications of acute rhinosinusitis

The numbers of cases in which symptoms of ARS preceded the complication in our
series are comparable to that reported by Stoll et al.: 60% and 63%, respectively. In our
sample, the first symptoms of an intracranial complication were headache and diminished consciousness. This is in accordance with the early symptoms justifying immediate
referral as listed in Box 1. In the group with orbital complications, the most frequently
found symptoms were swelling of the eye, redness of the eye and pain in the eye. Interestingly enough, this last symptom is not mentioned in the European position paper
on rhinosinusitis and nasal polyps as an alarm symptom requiring instant referral.10 Our
data suggest perhaps it should be.
In Stoll’s French series, 95% of patients with proven bacterial ARS and 44% of the total
patient group were treated with antibiotics before hospital admission. This percentage
is comparable with the 42% we found. This relatively low percentage might be caused
by the fact that a significant percentage of patients (60%) did not have symptoms of
ARS before they were admitted into hospital with the complication. However, in our
series, having symptoms of ARS or not did not influence the prescribing of antibiotics by
the GPs significantly. In a British study by Babar-Craig et al.22, 59% of the patients were
treated with antibiotics prior to admission and similar complication rates were seen in
patients who were treated with prior antibiotics and those who were not. Most of the
patients with complications of ARS were healthy and often young: only two patients
were immunocompromised, showing that complications of ARS occur in healthy patients. However, one of the immunocompromised patients died of the complication so
there is a risk of serious consequences and therefore a need to start early with antibiotics
when a complication has developed.
An intriguing finding is the fact that the common pathogens causing ARS, like Haemophilus influenzae and Moraxella catarrhalis, are underrepresented in our sample. Is
this due to the fact that cultures are more often taken in case of fulminant or persistent
infection not responding to antibiotic treatment? Or are patients with infections caused
by more exotic pathogens truly more prone to developing complications? Or could it be
that these common pathogens are already eliminated before the culture is taken? These
questions cannot be answered by our data.
Thirty-six per cent of patients had a history of nasal or sinus disorder, mainly previous
episodes of ARS (26%), nasal/paranasal surgery (13%) and chronic rhinosinusitis (CRS)
with nasal polyps (11%). The French study by Stoll et al.11 of patients aged >13 years
found an ENT history in almost 50% of cases. They found previous nasal surgery (19%)
and facial trauma (16%) to be the most common antecedents, whereas we found the
latter in only 4% of patients. This is a finding that raises more questions than it answers:
it is clear that patients with previous ENT surgery and CRS are overrepresented in our
series. It could be that these patients are at a higher risk of both intracranial and orbital
complications, perhaps through minor bony dehiscences created either during surgery
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(even though this was not seen, except in one patient with a mucocele) or through the
subclinical erosion of the bony plates by the disease. Confirmation of this new finding
by other studies could perhaps lead to different prevention strategies, including a lower
threshold for intervention in these patients when they develop ARS.
In this article, we present a retrospective case series. This study design has its limitations like confounding and information bias. The fact that hospital notes are sometimes
minimal has resulted in missing data. Because of these limitations, strong conclusions
cannot be drawn from our data. However, the above-mentioned findings are quite
interesting and might stimulate further (prospective) research on the subject. However,
groups of subjects in these studies will need to be extremely large because of the low
incidence of complications of ARS.

Conclusions
Severe ARS complications are rare, but they do occur in an otherwise healthy population
in an estimated 1:12,000 paediatric and 1:32,000 adult cases in the Netherlands. Severe
complications do not seem to be more frequent in this country with very low antibiotic
use compared to countries with high antibiotic prescription rates. Our study suggests
that antibiotic treatment of ARS in general practice does not play a role in preventing
complications.
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Appendix 1
Search terms National Medical Register

Intracranial diagnoses
•
•
•
•

Bacterial meningitis
Intracranial and intraspinal abscess
Phlebitis and thrombophlebitis of intracranial venous sinuses
Other encephalitis due to infection classified elsewhere

Nasal diagnoses
•
•

Acute nasopharyngitis (common cold)
Acute sinusitis

Orbital diagnoses
•
•
•
•
•
•
•
•

Edema of eyelid
Acute inflammation of the orbit, unspecified
Orbital cellulitis/abscess of orbit
Orbital periostitis
Orbital osteomyelitis
Exophthalmos unspecified
Orbital edema or congestion
Lateral displacement of the globe
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Appendix 2
Diagnoses in subjects without ARS
Diagnosis

N

%

Meningitis, non-sinogenic focus

86

30.9

Intracerebral abscess, non-sinogenic focus

41

14.7

Tumour

8

2.9

Sinus thrombosis, non-sinogenic focus

7

2.5

Epidural empyema, non-sinogenic focus

7

2.5

Subdural empyema, non-sinogenic focus

9

3.2

Hemiplegia, non-sinogenic cause

4

1.4

Subdural haematoma

2

0.7

Cerebellar abscess, dental focus

2

0.7

Commotio cerebri

1

0.4

Orbital cellulitis, non-sinogenic focus

19

6.8

Orbital abscess, non-sinogenic cause

4

1.4

Periorbital cellulitis

2

0.7

Evisceratio bulbi due to trauma

2

0.7

Uncomplicated sinusitis

6

2.2

Otitis media

4

1.4

Ulcerative skin lesions

2

0.7

Mucocele

1

0.4

Furuncle nasi

1

0.4

Sinus cyst

1

0.4

Trigeminal nerve neuralgia

1

0.4

Sepsis

1

0.4

Tracheo-/bronchomalacia

1

0.4

Unknown

66

23.7

Total

278

100

Intracranial diagnoses

Orbital diagnoses

Other
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Abstract
Background Pott’s puffy tumour (PPT) is a rare but serious complication of ARS, traditionally treated by external surgery. We present six cases treated by endoscopic drainage and discuss the safety, efficacy and limitations of the endoscopic treatment of PPT.
Methods Retrospective chart review of patients with Pott’s puffy tumour from 2005 to
2015 in the Academic Medical Centre in Amsterdam. Clinical presentation, the presence
and nature of neurological complications, imaging, microbiology, surgical operative
reports, and final outcomes were recorded and analysed.
Results We identified six cases of PPT. All but one patient underwent endoscopic frontal
sinusotomy (Draf 2a) under general anaesthesia. Three patients had a concomitant intracranial infection with pus, which was drained by a neurosurgeon via burr holes. One
patient was treated with antibiotics only. There were no intra-operative complications.
In one patient, a revision Draf 2a was performed after 6 days and a Draf 3 after 8 months.
Another patient underwent revision Draf 2a surgery after 4 years. All patients recovered
completely and none had any long-term neurological sequelae.
Conclusion PPT is a rare condition that should be identified and treated as soon as
possible. This small series and a review of the literature suggests that treatment can be
delivered endoscopically and, if there are intracranial complications, with burr holes.
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Introduction
Acute and chronic rhinosinusitis can be associated with serious complications that are
typically classified as orbital, osseous and endocranial1, with the osseous complications
being the least common. Osteomyelitis of the anterior frontal plate presents clinically
as edema of the skin, producing a swelling on the forehead.1 This condition is known as
Pott’s puffy tumour (PPT) and it was first described by Sir Percivall Pott in 1775.2 PPT is a
relatively rare but serious condition. It is usually seen as a complication of acute frontal
sinusitis, and it has been suggested that it may occur after head trauma.2-4 Since PPT is
associated with intracranial complications such as epidural or subdural abscess and cavernous sinus thrombosis, it is important to identify it early so that appropriate treatment
can be initiated.3 Treatment for PPT includes surgical drainage and long-term antibiotics.
Traditionally, surgical drainage has been conducted using an external approach. With
advances and accumulated experience in endoscopic sinus surgery, however, the endoscopic drainage of PPT has been suggested as a less invasive technique. In the present
paper, we present six cases involving the endoscopic drainage of PPT and discuss the
safety, efficacy and limitations of the endoscopic treatment of PPT.

Methods
Ethical considerations
Formal ethical approval was not required because the pre-existing data had been anonymized. All investigations and treatments were carried out in line with accepted clinical
practice.

Study design
We performed a retrospective chart review of patients diagnosed with Pott’s puffy tumour in the past ten years in our institute, an academic tertiary hospital in Amsterdam.
The diagnosis was confirmed by clinical examination and imaging (CT scan and MRI).
Clinical presentation, the presence and nature of neurological complications, imaging,
microbiology, surgical operative reports, and final outcomes were recorded and analysed.

Surgical technique
Endoscopic frontal sinusotomy (Draf 2a) was performed under general anaesthesia.
Following entry to the frontal sinus, pus was always seen (figure 1). We applied gentle
external pressure to the forehead to facilitate the expression of pus and the emergence
of the pus also provided a form of guidance. We then rinsed the frontal sinus extensively
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with saline. Since we had made a satisfactory open frontal-sinus ostium, stents or drains
were not left behind. We were careful to minimize damage to the frontal recess in an
effort to prevent re-stenosis.

Figure 1 - Endoscopic drainage. Pus is visualized when gentle pressure is given on the forehead.

Results
Patient characteristics
We identified six cases of PPT that were treated at our hospital from 2005 to 2015. The
clinical data and findings are summarized in table 1. Three patients had a concomitant
intracranial infection at presentation, although only one of them presented with neurological signs. None of the patients had any significant comorbidity.

Clinical signs and symptoms at presentation
Patient 1 was a 7-year-old girl who was admitted with partial right hemiparesis (Medical
Research Council grade 4) and epileptic attacks. She had fallen down the stairs ten days
before admission and there had been a progressive swelling of the forehead and fever
during the previous five days. She had no rhinorrhoea or other symptoms of rhinosinusitis. She had not received any antibiotics before presentation at our clinic.
Patient 2 was an 11-year-old girl with a swelling on the forehead for the previous
10 days. She had nasal discharge and nasal obstruction. Her general practitioner had
prescribed amoxicillin for a week before presentation at our clinic.
Patient 3 was a 12-year-old girl who was admitted to the paediatric department with
a progressive frontal swelling during the previous three days. She had been running a
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Table 1 – Patient characteristics and clinical findings
Case Sex Age Symptoms
1

F

7

Intracranial
suppration

progressive swelling subdural empyema
forehead

Surgery

Microbiology

Outcome

1) Draf 2a (ENT)

Streptococcus
intermedius

complete
recovery

trauma; fell on head thrombosis of
2) burrholes
10 days ago
superior sagittal sinus (neurosurgeon)
febrile since 5 days

3) extra burrhole
(7 days later)

no medical history

6wk IV Penicillin
3 months
acenocoumarol

light hemiparesis
(right)
focal epileptic insults
2

F

10

swelling forehead
since 10 days

none

1) Draf 2a

commensal flora

baseline

rhinitis since 3
months

3

F

12

on antibiotics since
1 week

2 wk IV Amoxicillinclavulanic acid

no neurological
symptoms

4 wk oral Amoxicillinclavulanic acid

swelling forehead

epidural abscess

febrile

Streptococcus
1) Draf 2a +
burrholes (ENT/ constellatus
neurosurgeon)

baseline

2) Draf 2a (4 years
later)

headaches

2 wk IV Amoxicillinclavulanic acid

no rhinitis

4 wk Penicillin +
Metronidazole

no neurological
symptoms
4

M

13

frontal sweling since none
6 days

none

Streptococcus

baseline

headaches
nasal discharge

1 month Amoxicillinclavulanic acid

fever
5

M

17

1) Draf 2a +
burrholes (ENT +
neurosurgeon)

Streptococcus
intermedius

headaches

2) revision Draf 2
(after 6 days)

Actinomyces species

febrile since 2 weeks

3) Draf 3 (after 8
months)

swelling forehead
since 2 days

epidural abscess

baseline
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Table 1 – Patient characteristics and clinical findings (continued)
Case Sex Age Symptoms

6

M

23

Intracranial
suppration

Surgery

Microbiology

antibiotics since 2
weeks

Penicillin +
Metronidazol

no neurological
symptoms

6 wk IV

swelling forehead
since 2 days
rhinitis

none

1) Draf 2a (ENT)

Staphylococcus
aureus

Outcome

baseline

Streptococcus
pneumoniae

febrile
orbital abscess in
medical history

6 wk IV Clindamycin

no neurological
symptoms

fever and had headaches during the few weeks prior to admission. No rhinorrhoea or
other nasal symptoms were present.
Patient 4 was a 13-year-old male who was admitted to the paediatric department with
a swelling on the forehead during the previous 6 days. He was suffering from headaches
and fever.
Patient 5 was an 17-year-old male who presented with a two-day history of forehead
swelling. He had been suffering from headaches for 6 weeks and had received antibiotics for two weeks before presentation at our clinic.
Patient 6 was a 23-year-old male who had been suffering from a frontal swelling for
the previous two days. He presented with purulent rhinorrhoea and fever.

Imaging
All patients underwent CT and MRI imaging after admission. In all cases, a soft tissue
mass was seen on the forehead that was typically in a more cranial position than the
frontal sinus itself (figure 2). Two patients (cases 3 and 5) had a concomitant epidural
abscess. One patient (case 1) presented with right hemiparesis. MRI of the head and
brain showed extensive subdural empyema, with thrombosis of the anterior part of the
superior sagittal sinus and cerebritis.

Treatment
All but one patient underwent endoscopic frontal sinusotomy (Draf 2a) under general
anaesthesia. One patient (case 4) was treated with antibiotics only because he was doing very well clinically. He was treated with intravenous amoxicillin/clavulanic acid and
discharged after five days after being prescribed oral antibiotics.
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Figure 2 - Cranial swelling over the frontal bone, posterior defect frontal sinus (case 3).

A neurosurgeon performed a neurosurgical intervention via burr holes to drain accumulated intracranial pus in three patients (cases 1, 3 and 5).

Microbiology
During the drainage procedure, a swab was taken for direct gram staining, aerobic and
anaerobic culture, and sensitivity testing in all patients. Streptococcus strains were
found in most patients (4 cases). Micro-organisms included Streptococcus intermedius,
Streptococcus pneumonia, Streptococcus constellatus and Staphylococcus aureus. Empirical antibiotic therapy with amoxicillin/clavulanic acid was started at presentation
in all patients with the exception of patient 6, who received clindamycin. Therapy was
tailored after culture results became available. All patients received intravenous longterm antibiotic therapy.
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Outcomes
There were no intra-operative complications. All patients recovered well after the
drainage of the sinus and antibiotic therapy. In one patient (case 5), we performed a
revision Draf 2a after six days because of inadequate drainage. He recovered well after
the revision surgery. All patients were followed up with regular nasendoscopy in the
outpatient clinic. After a total follow-up of 12-50 months, we performed revision surgery
in 2 patients. A Draf 3 procedure was performed 8 months after the initial therapy in
patient 5 for re-stenosis of the frontal recess and complaints about frontal headaches.
Patient 3 underwent a Draf 2a four years later for persistent but symptom-free opacification of the frontal sinus on imaging.
Patients with intracranial complications were also followed up by the neurosurgeons.
All patients recovered completely and none had any long-term neurological sequelae.

Discussion
Synopsis of Key/New Findings
Patient characteristics and presentation
All patients presented with an acute frontal sinusitis, and one patient had a history of
forehead trauma. It is not clear whether trauma may be an aetiological factor for PPT,
even though it has been described in some cases. Sir Percivall Pott’s first discussion of
PPT was based on a series of post-traumatic patients. In our series, three out of six (50%)
patients had endocranial complications. These patients were also treated endoscopically,
with neurosurgical management of the associated intracranial abscess. The incidence of
intracranial complications is not known. A literature review by Akiyama et al. described
a 29% incidence in 31 adult cases and a review by Collet et al. showed a 59% incidence
in a review of 33 cases in the paediatric and adult population.2, 3

Surgical approach
Historically, and particularly in the pre-antibiotics era, the accumulation of pus was an
indication for radical surgical drainage: ‘Ubi pus, ibi evacua’. Now that we have a wide
range of antibiotics at our disposal, infections and abscesses are treated more conservatively.
In the case of PPT, radical sinus surgery has usually been performed that includes the
resection of osteomyelitic bone and the re-establishment of drainage of the sinus. Some
papers have been published in the last decade describing the successful endoscopic
treatment of PPT.4-6 In the series of Deutsch et al., four patients with PPT without en-
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docranial extension were successfully treated using an endoscopic approach only. No
recurrence of PPT, revision surgery or re-stenosis was reported.6
Endoscopic sinus surgery is a less invasive approach which generally involves less
morbidity and a shorter recovery time than an external approach. Cosmetically, the
benefit of endoscopic surgery is that it does not result in external scars. However, the
endoscopic is used in sinuses with inflamed mucosa, and so surgery tends to be more
difficult due to increased intra-operative bleeding. Surgery in infectious mucosa can
also involve a higher risk of re-stenosis in the frontal recess.

Outcomes
We performed a Draf 2a procedure and established good drainage of the sinus in most
patients. Revision surgery was performed in three patients: one patient who needed
revision surgery because of inadequate drainage for the initial PPT and another two
patients who were re-operated in the long term because of the inadequate drainage
of the frontal recess due to postoperative stenosis in spite of our efforts not to damage
the frontal recess. In order to prevent mucocele formation, Patient 3 underwent a Draf III
because there was persistent opacification on MRI scans of the frontal sinus.7
We find the rate of re-stenosis to be high, and so it is possible that even more conservative treatment would be advisable. Medical therapy and the drainage of the abscess
with a simple puncture may prevent re-stenosis in the frontal recess due to surgical
damage. Interestingly, on follow-up CT imaging, the erosive bone recovered completely
even when sequesters were seen at presentation (figure 3). The spontaneous remodelling of bone has been described earlier by Sullivan et al.8
We found a 100% recovery rate for Pott’s puffy tumour and neurological symptoms
in our series, an outcome that compares favourably with other series, especially when
intracranial complications are included.9, 10

Clinical applicability of the study and future research
We have described considerations relating to treatment modalities for PPT. We believe
PPT can be treated endoscopically even in the presence of a subperiosteal abscess and/
or osteomyelitic bone sequesters. In our opinion, after an adequate drainage pathway
has been established and after the evacuation of the subperiosteal pus by gentle pressure when necessary, the infection can be adequately treated with antibiotics. There is
no need for a radical external approach to drain the sinus or remove bone sequesters
because we can see that infected bone can remodel completely.
We do not believe that PPT with intracranial complications is a contra-indication for
the endonasal approach. The combination of the endonasal endoscopic drainage of the
sinus and simple drainage of the intracranial abscess with burr holes is an effective and
minimally invasive approach. Even in cases that are doing well clinically, purely medical
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Figure 3 - Follow up CT-scan: recovered posterior border of frontal sinus (case 3). Because of opacification
of the frontal sinus, revision surgery was performed after 4 years.

treatment with antibiotics, as in case 4, may be appropriate. Medical therapy and the
drainage of the abscess with a simple puncture could prevent the re-stenosis of the
frontal recess by avoiding surgical damage.

Conclusion
PPT is a rare condition that should be identified and treated as soon as possible. This
small series and a review of the literature suggests that treatment can be delivered
endoscopically and, if there are intracranial complications, with burr holes.

Key points
1) The use of a purely endoscopic approach (Draf 2a frontal sinusotomy ) is a viable and
safe approach for the surgical management of PPT.
2) In PPT associated with intracranial complications, we do not believe that endoscopic
drainage is contra-indicated.
3) The key factor in the management of PPT is early diagnosis and good multidisciplinary collaboration between the otolaryngologist, the neurosurgeon and other
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specialisms involved. Ideally, when neurosurgical intervention is indicated, it should
be performed in the same session as endoscopic sinus surgery.
4) Erosive bone sequesters seem to be capable of spontaneous remodelling without
any additional intervention.
5) If patients are doing well clinically, it could be preferable to adopt an approach
consisting of medical treatment and simple drainage of the abscess.
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Abstract
Objective To assess whether delivery of fluticasone propionate using a novel bidirectional delivery device (Opt-FP) offers therapeutic benefits in patients with chronic
rhinosinusitis (CRS).
Method A prospective, single centre, randomized, double-blind, placebo (PBO)-controlled, parallel group study was conducted in adult subjects (n = 20) with CRS without
nasal polyps or only cobblestoned mucosa. Subjects received Opt-FP 400 g or placebo
twice daily for 12 weeks (n = 10/group). Outcome measures included symptom scores,
RSOM-31, CRS VAS, nasendoscopy, peak nasal inspiratory flow (PNIF) and magnetic
resonance imaging (MRI).
Results Endoscopy score for edema showed a highly significant and progressive improvement (12 weeks (median scores): Opt-FP -4.0, PBO -1.0, p = 0.015). PNIF increased
significantly during Opt-FP treatment compared to placebo (4 weeks: p = 0.006; 8 weeks:
p = 0.03). After 12 weeks MRI scores in the Opt-FP group improved against baseline
(p = 0.039) and a non-significant trend was seen versus placebo. The nasal RSOM-31
subscale was significantly improved with Opt-FP treatment (4 weeks: p = 0.009, 8 weeks:
p = 0.016, 12 weeks: NS). Sense of smell, nasal discomfort and combined score were all
significantly improved (p < 0.05). The Opt-FP was well tolerated.
Conclusion The OptiNose breath-actuated bi-directional delivery device administering
fluticasone propionate (400 µg b.i.d.) is an effective and well tolerated treatment for
recalcitrant CRS.
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Introduction
Chronic rhinosinusitis (CRS) is a persistent (> 12 weeks with no resolution of symptoms)
inflammation of the nose and paranasal sinuses characterized by two or more of the following symptoms: blockage/congestion, discharge with anterior/post nasal drip, facial
pain/pressure, a reduction or loss of smell, along with either endoscopic signs: polyps,
mucopurulent discharge from the middle meatus, edema/mucosal obstruction primarily in the middle meatus and/or CT changes, mucosal changes within the ostiomeatal
complex and/or sinuses1. It is a common condition and the impact on quality of life can
be considerable2,3.
A number of different intranasal corticosteroids have been found to be effective in
reducing polyp size and associated symptoms in moderate and severe polyposis, but
only two contradictory studies exist in CRS patients with no or minimal polyposis4.
Conventional nasal sprays, drops and nasal powder inhalers are suboptimal for efficient
delivery to the middle meatus5,6. Bi-directional delivery using the OptiNose device offers
an alternative method with highly superior delivery to target areas beyond the nasal
valve, including the middle meatus7. Delivery to the middle meatus is considered essential to achieve clinical effects in CRS with a topical steroid8. The Opt-FP, which contains
a multidose spray pump, is primed and positioned in one nostril with the mouthpiece
in the mouth. The user blows through the device, which causes the soft palate to close,
separating the nasal and oral cavities, and triggering the spray pump. The airflow generated in the nose expands the narrow nasal passages and the communication located
behind the nasal septum during soft palate closure before exiting through the other
nostril in the opposite direction (bi-directional flow).
The aim of this study was to investigate the efficacy and safety of Opt-FP in subjects
with CRS without nasal polyps or only cobble-stoned mucosa.

Material and methods
This prospective, randomized, double-blind, placebo-controlled, parallel group study
enrolled adult subjects with recalcitrant CRS at a single ENT clinic in the Netherlands
(Academic Medical Centre (AMC), Amsterdam). All subjects gave written informed consent to participate in the study, which was conducted in accordance with the Declaration of Helsinki and the principles of Good Clinical Practice. The study was reviewed and
approved by the medical ethics committee of the AMC.
Male and female outpatients aged 18-65 years who had a diagnosis of CRS were
screened. The subjects had either no nasal polyps or only cobblestoned mucosa and
thus fulfilled the EP3OS criteria of CRS2.
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Inclusion and exclusion criteria for the study are presented in Table 1. Subjects using saline rinses were permitted to continue to do so. Loratadine 10 mg tablets were
provided as rescue medication for the relief of troublesome symptoms. If a subject
experienced a severe acute nasal blockage the investigator could authorize the use of a
short course of oxymetazoline drops or spray for a maximum of 7 consecutive days and
a maximum total of 10 days during the treatment period. Oxymetazoline was not to be
used within 24 hours of a scheduled study visit.
Following a 14-16 day treatment-free run-in, subjects who met the eligibility criteria
were randomized 1:1 to receive Opt-FP 400 μg or placebo b.i.d. for 12 weeks. Subjects
attended the clinic at the beginning and end of the run-in period and after 4, 8 and 12
weeks of treatment. A follow-up visit was made 2 weeks after the end of treatment.
The Opt-FP and placebo devices were identical in appearance. The spray pump in the
Opt-FP contained an aqueous suspension of fluticasone propionate (FP) 0.1% w/w in
an aqueous medium containing microcrystalline cellulose and carboxymethylcellulose
sodium, benzalkonium chloride, EDTA disodium salt dehydrate, dextrose anhydrous and
polysorbate 80. Placebo matched FP exactly, except for the active ingredient. The devices delivered 100 µL aqueous suspension per actuation. To deliver a dose of FP 400 µg
b.i.d. or placebo, subjects made two administrations per nostril, morning and evening.
All subjects were trained in the use of the device. Nasal patency and ability to close
the soft palate were confirmed at screening. Compliance was assessed at each visit by
examining the devices for use and reviewing treatment administrations recorded in the
diary cards.

Efficacy assessments
The following assessments were undertaken at the clinic visits pre-dose and after 4, 8
and 12 weeks of treatment:
1. Rhinosinusitis Outcome Measure 31 (RSOM-31). Subjects completed this fully
validated quality of life scale containing 31 items in 7 domains. The nasal subgroup
includes 7 questions. A reduction in the average total symptom impact score > 1 is
considered clinically relevant9.
2. Subjective symptom scores including nasal blockage, nasal discomfort and rhinitis
symptoms were recorded by subjects in a diary each morning and evening from
screening through to the end of treatment using the following scoring system: 0
(none), 1 (mild – symptoms present but not troublesome), 2 (moderate – symptoms
frequently troublesome but not interfering with daily activity or night time sleep)
or 3 (symptoms troublesome and interfering with daily activity or night-time sleep).
Subjects also recorded sense of smell: 0 (normal), 1 (slightly impaired), 2 (moderately
impaired) or 3 (absent).
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Table 1 – In- and exclusion criteria
Inclusion Criteria

Exclusion Criteria

1. Male and female subjects aged between 18 and
65 years.

1. Visible nasal polyps on endoscopy, except
cobblestoned mucosa.

2. Subjects with chronic rhinosinusitis defined
as at least 12 weeks history of two or more of:
blockage/congestion, discharge anterior/post
nasal drip, facial pain/pressure, reduction or loss
of smell and either mucopurulent discharge
from the middle meatus or edema/mucosal
obstruction primarily in the middle meatus.

2. Surgical treatment for nasal polyps during the
previous 3 months.

3. Women of child-baring age must be neither
pregnant nor lactating and must use a medically
acceptable form of contraception.

5. A hypersensitivity or contraindication to steroids.

4. No clinically significant abnormal serum
biochemistry, haematology and urine
examination values on screening.

7. A requirement for more than 1000 μg
beclomethasone (or equivalent) per day for the
treatment of asthma.

5. In the clinicians judgement fit and able to
participate in the study.

8. Subjects taking inhaled steroids whom have not
been on a stable dose for 3 months or more.

6. Subjects to provide written informed consent to
participate in the study.

9. Unable to cease treatment with intranasal steroids,
or intranasal sodium cromoglycate, decongestants
or antihistamines at the Screening Visit.

7. Subjects must have correctly completed the daily
Diary during the run-in period.

3. A diagnosis of cystic fibrosis
4. Other disease likely to interfere with the study
parameters, evidence of any serious or unstable
concurrent disease or psychological disorder.

6. Depot or oral steroids during the previous 2
months.

8. Willing and able to comply with the study
requirements.

10. Currently receiving leukotriene receptor
antagonists, nasal atropine or ipratropium bromide
or neuroleptics.

9. Subjects must have verified airflow through both
nostrils and an ability to close their soft palate.

11. Subjects using devices to dilate the nostrils to
improve nasal breathing.

10. The subject must have the ability to trigger the
breath-actuation mechanism of an Optinose
device in accordance with the Instructions For Use.

12. Subjects being treated with ritonavir or other
potent CYP3A inhibitors.
13. A history of operations where metal objects were
used and retained in the body or those with a
pacemaker or other implants and artificial heart
valves.
14. A history of a penetrating injury to the eye with
a metal object or who have worked with metal at
high speed.
15. A history of drug or alcohol abuse.
16. An inability to communicate well with the
Investigator.
17. Subjects with a cleft palate.
18. Subjects who have participated in a New Chemical
Entity study within the previous 16 weeks or
marketed drug study within the previous 12 weeks.
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3. Symptoms of rhinosinusitis. Each subject was asked to indicate the answer to the
question “How troublesome are your symptoms of rhinosinusitis?” on a 10 cm visual
analogue scale (VAS) (Not troublesome - Most troublesome imaginable).
4. Nasal endoscopy was performed without the use of decongestants and local anaesthetics using an endoscope with a diameter ≤ 2.7 mm. The signs evaluated included
edema, discharge, crusting, scarring/adhesions and polyps, with each sign rated on
a 0-2 scale10.
5. Peak Nasal Inspiratory Flow (PNIF) was measured using an In-Check portable nasal
inspiratory flow meter (Clement Clarke International Ltd, Harlow, Essex, UK). At each
assessment the subject inhaled maximally through the nose three times and the
highest value was recorded.
6. Acoustic rhinometry was performed (GM Instruments Ltd, Scotland, UK) with the
subject in the seated position and stabilization of the head, but without instrument
fixation. The minimum cross-sectional area corresponding to the nasal valve (MCA)
and the volumes between 2 and 5 cm (VOL 2-5), 0 to 5cm (VOL 0-5), 0 to 7cm (VOL
0-7) and 2 to 7 cm into the nose (VOL 2-7) were recorded.
7. MRI scans of the paranasal sinuses were performed shortly before and after the 12
weeks of treatment. The scan area was from the glabella to the posterior part of the
sphenoid sinuses with the subject in the supine position. Axial and coronal SET2 series of scans were performed with the following specification: 3 mm, 512 matrix, FOV
18. The duration of the scan was approximately 15 min. Two experienced experts
blinded to treatment status independently scored the MRI’s according to defined
criteria recently proposed by Hissaria et al. for assessment of MRI’s in CRS patients11.
8. The use of rescue medication (loratidine tablets 10 mg and/or oxymetazoline
drops or spray) was recorded in the diary each day throughout the treatment period.
A tablet count was used to verify the usage of loratidine tablets.
For assessments 4-6, the order of assessments was acoustic rhinometry, followed by
PNIF, then nasal endoscopy.

Safety assessments
Safety assessments included adverse events, laboratory tests, vital signs and physical
examination. Details of all reported adverse events were recorded throughout the
study, with severity graded as mild, moderate or severe and a relationship to treatment
assigned based on the judgment of the investigator. Blood and urine sampling for laboratory tests, measurement of vital signs and physical examination were performed at
screening and follow-up. Blood samples for morning cortisol concentrations were taken
between 08.00-10.00 h at baseline and the end of treatment.

Fluticasone delivered by a novel device in CRS

65

Statistical methods
All efficacy analyses and summaries are based on the intent-to-treat (ITT) population,
which included all randomized subjects who received at least one dose of study medication and had baseline and at least one post-baseline measurement.
For efficacy parameters, although data were normally distributed apart from rescue
medication, due to the small sample size a non-parametric analysis was used. Results
are presented as the median unless otherwise stated. For each variable, data were first
tested for an overall treatment effect using the Kruskal-Wallis test. Comparisons of
Opt-FP with placebo at each time point were then made, where appropriate, using the
Mann-Whitney U-test. For sense of smell, due to the large number of equal values/ties
the use of the Kruskal-Wallis test was not meaningful. We therefore performed MannWhitney U-tests on sense of smell data without a significant overall treatment effect. For
MRI, the result for the active treatment group at 12 weeks was additionally compared
with the baseline value using the Wilcoxon signed rank test. The level of significance,
alpha (α), for this study was 0.05. All statistical testing was two-sided.

Results
Subjects characteristics
The study was conducted from September 2007 to September 2008. A total of 20
subjects were randomized to treatment (10 Opt-FP, 10 PBO). The study population was
predominantly male and all subjects had a diagnosis of CRS. The two treatment groups
were closely similar with respect to demographics and clinical characteristics (Table 2).
The intention was to recruit up to 40 subjects, but as in other CRS studies recruitment
was slower than anticipated as many eligible subjects were reluctant to risk the possibility of treatment with placebo for three months11,12. Inclusion was therefore limited to 20
subjects. All 20 randomized subjects were included in the ITT population.
The majority of subjects (9 Opt-FP, 7 PBO) completed the study. Mean percentage
compliance was high with 97% administrations made in the Opt-FP group and 99%
made in the placebo group. Five subjects in the placebo group and 7 in the Opt-FP
group chose to continue using nasal saline douche twice daily during the study.

Efficacy
Subjective scores
Subjective scores for CRS (RSOM-31 and nasal symptom scores) are summarized in Table 3.
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Table 2 – Baseline subject demographics and clinical characteristics.
Parameter

OPT-FP 400 μg b.i.d. (n=10)

Placebo b.i.d. (n=10)

Mean age, years (range)

49.2 (25-61)

46.7 (37-62)

Male/female (%)

60/40

80/20

Mean weight, kg (range)

87.0 (64-116)

86.4 (68-106)

Current asthma, n (%)

4 (40)

3 (30)

Previous sinus surgery, n (%)

10 (100)

10 (100)

Allergy, n (%)

5 (50)

5 (50)

ASA intolerance, n (%)

3 (30)

1 (10)

Median number of sinus surgeries (range)

4 (1-10)

3 (1-8)

Previous polypectomy, n (%)

2 (20)

0 (0)

OPT-FP = OptiNose device containing fluticasone propionate.

RSOM-31
Total RSOM-31 score and all subscale scores showed an improvement trend with Opt-FP
treatment. Importantly, the nasal RSOM-31 subscale was significantly improved with
Opt-FP treatment compared with placebo. The average reduction in total symptomimpact score was 2 (62/31), and in the nasal subgroup 2.59 (18/7) suggesting a clinically
meaningful improvement 9.
Subjective symptom scores
Significant improvements in combined symptom scores were observed for the Opt-FP
group compared with placebo at all time points for evening scores (Figure 1) and at 8
weeks (p = 0.030) and 12 weeks (p = 0.038) for morning scores. This was accompanied
by significant improvements in nasal discomfort for the evening score at 4 weeks (p
= 0.044) and morning and evening scores at 12 weeks (p = 0.027), and evening score
for sense of smell at 12 weeks (p = 0.048). Morning and evening scores for nasal blockage and rhinitis showed an improvement trend during Opt-FP treatment, but were not
statistically significant compared with placebo.
VAS
Symptoms of rhinosinusitis scored on a VAS showed a non-significant improvement
trend after 12 weeks of treatment with Opt-FP (Opt-FP -13.0, PBO 2.0, NS).
Objective scores
Nasal endoscopy
Endoscopy score for edema showed a highly significant improvement over the 12 weeks
of Opt-FP treatment (Figure 2). A significant reduction from baseline was observed for
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Table 3 – Baseline versus post-treatment outcomes: subjective scores.
Opt-FP (n=9-10)
Outcome

Baseline
Median

Median
Change

Placebo (n=8-10)
Baseline
Median

Median
Change

p-value
Overall
Treatment Effect

Opt-FP vs.
Placebo

RSOM-31
Overall Symptoms (31 questions)
Baseline

178.0

-

187.0

-

-

-

12 weeks

-

-62.0

-

-5.0

NS

NS

-

Nasal Symptoms (7 questions)
Baseline

41.0

-

43.5

-

-

4 weeks

-

-11.0

-

6.0

0.0090

8 weeks

-

-21.0

-

3.0

0.016

12 weeks

-

-18.0

-

-1.0

NS

0.009

Nasal Symptom Scores
Combined Symptoms (Morning)
Baseline

5.83

-

6.80

-

-

-

4 weeks

-

-1.78

-

-0.1

0.0087

NS

8 weeks

-

-2.00

-

-0.16

0.030

12 weeks

-

-2.00

-

0.43

0.038

Combined Symptoms (Evening)
Baseline

5.52

-

6.71

-

-

-

4 weeks

-

-1.95

-

0.09

0.0087

0.028

8 weeks

-

-2.00

-

-.0.22

0.034

12 weeks

-

-2.00

-

0.68

0.034

Nasal discomfort (Morning)
Baseline

2.00

-

2.29

-

-

-

12 weeks

-

-0.67

-

0

0.0080

0.027

-

Nasal discomfort (Evening)
Baseline

2.00

-

2.21

-

-

4 weeks

-

-0.51

-

-0.03

0.0146

12 weeks

-

-0.90

-

0

0.044
0.027

Sense of smell (Evening)
Baseline

2.17

-

1.00

-

-

-

12 weeks

-

-0.17

-

0

N/A

0.048
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figure 1 - Median change from baseline in evening score for Combined Symptoms after 4, 8 and 12 weeks
of treatment. Baseline median was 3.0 for placebo and 4.0 for Opt-FP. Opt-FP = OptiNose device containing fluticasone propionate. Horizontal bars are medians and symbols individual subject data. There was
an overall treatment effect by Kruskal-Wallis test (p = 0.0087). Comparison of Opt-FP with placebo was by
Mann-Whitney U-test.

nasal discharge in the Opt-FP group, but due to a fairly large effect in the placebo group
also, the inter-group difference was not significant. Analysis of changes in crusting,
scarring/adhesions and polyps was not relevant in this non-surgical study excluding
polyps13.
PNIF
There was a progressive increase in PNIF during Opt-FP treatment with significant differences compared to placebo at 4 weeks (35.0 vs. - 2.5 L/min p = 0.006) and 8 weeks
(50.0 vs. 10.0 L/min, p = 0.03) and a non-significant increase at 12 weeks (40.0 vs. 25.0 L/
min, NS).
Acoustic rhinometry
All nasal volumes assessed by acoustic rhinometry (VOL 0-5, VOL 2-5, VOL 0-7 and VOL
2-7) increased considerably with Opt-FP treatment, with a non-significant positive
trend. A slight decrease in volumes was observed in the placebo group. The MCA was
unchanged.

Fluticasone delivered by a novel device in CRS

figure 2 - Median change from baseline in Lund and Mackay score for Edema after 4, 8 and 12 weeks of
treatment. Baseline median was 3.0 for placebo and 4.0 for Opt-FP. Opt-FP = OptiNose device containing
fluticasone propionate. Horizontal bars are medians and symbols individual subject data. There was an
overall treatment effect by Kruskal-Wallis test (p = 0.0004). Comparison of Opt-FP with placebo was by
Mann-Whitney U- test.

Acoustic rhinometry
All nasal volumes assessed by acoustic rhinometry (VOL 0-5, VOL 2-5, VOL 0-7 and VOL
2-7) increased considerably with Opt-FP treatment, with a non-significant positive
trend. A slight decrease in volumes was observed in the placebo group. The MCA was
unchanged.
MRI
MRI results are summarized in Figure 3. The assessment of the MRI’s using a new scoring
system for MRI suggested by Hissaria et al.11 showed significant change from baseline
in the Opt-FP treated group (p = 0.039). When compared to placebo, a non-significant
trend was observed. The correlation between assessments by the two MRI experts was
highly significant (r = 0.91, p < 0.0001).
Rescue medication
Subjects treated with Opt-FP used loratadine on a lower mean percentage of days than
subjects treated with placebo over the treatment period (4.3% vs. 12.1%, NS). Subjects
treated with placebo did not use oxymetazoline, whereas there was low use in the OptFP group (1.2% vs. 0%, NS).
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figure 3 - Median change from baseline in MRI score after 12 weeks of treatment. Baseline median was
17.25 for placebo and 19.00 for Opt-FP. Opt-FP = OptiNose device containing fluticasone propionate. Horizontal bars are medians and symbols individual subject data. Comparison of Opt- FP baseline and 12 week
scores was by Wilcoxon signed rank test (p = 0.039). Comparison of Opt-FP and Placebo scores at 12 weeks
was by Mann-Whitney U-test (p = 0.11).

safety
A total of 61 adverse events (Opt-FP n = 25; PBO n = 36) were reported by nine subjects
(90%) in both treatment groups. All were mild or moderate in severity. Adverse events
considered to be treatment-related included epistaxis (1 Opt-FP, 2 PBO), nasal polyps (2
PBO), rhinorrhoea (1 Opt-FP, 1 PBO), nasal congestion (1 PBO), sinusitis (1 Opt-FP, 2 PBO)
and nasopharyngitis (1 PBO). No serious adverse events were reported during the study.
One subject in the Opt-FP group withdrew from treatment due to itchy eyes, headache
and redness and swelling of the skin. Two subjects in the placebo group withdrew from
treatment due to adverse events, with one subject developing a cough that required
concomitant medication and the other suffered an exacerbation of CRS.
The major finding for physical examination was abnormality on ENT examination on
screening for all patients in both groups, consistent with their inclusion in the study. At
follow-up, 3 (30.0%) subjects treated with Opt-FP had an ENT examination assessed as
normal, whereas the examination for all placebo-treated subjects was still abnormal.
Laboratory test results and vital signs at screening and follow-up showed no clinically
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relevant changes or treatment effects overall. No adrenal suppression, as assessed by
mean morning plasma cortisol concentrations, was apparent for Opt-FP treatment.

Discussion
The results of this prospective, randomized, placebo controlled study demonstrate
that Opt-FP (400 µg b.i.d.) is effective in the treatment of CRS, with significant and
clinically relevant improvements compared to placebo in both subjective and objective parameters of the disease. It is noteworthy that the patients included in this study
had recalcitrant CRS in whom surgery and traditional medical treatment had previously
failed. Although a study design with an active comparator would have enabled a direct
comparison of a conventional delivery spray with bi-directional delivery, this was not
chosen for this small exploratory study, the aim of which was to determine whether the
device was at all effective and safe.
There are only very limited data on the treatment of CRS without nasal polyps in the
literature. To our knowledge, only two studies with topical steroids in CRS without polyps
are available, both from the same group12,14. In 2001, Parikh et al.12 reported on a small
study from the Royal National Throat, Nose, and Ear Hospital, London, a tertiary referral clinic like the AMC. In this study with fluticasone spray in 22 patients, no significant
differences between active and placebo were found after 16 weeks of treatment. The
higher FP dose used in our study may be one explanation for the difference. However,
the new delivery to target areas beyond the nasal valve, including the middle meatus, is
a more likely explanation. A normal nasal spray only reaches the middle meatus in less
than half of the patients5. Inadequate delivery to the target sites in the middle meatus
may explain why delivery of a high dose of fluticasone propionate nasal spray (800 µg
b.i.d) for one year following functional endoscopic sinus surgery in patients with CRS
with and without polyps did not influence the recurrence rate in any of the subgroups
compared to placebo15. The second study, although done by the same group, aimed at a
totally different patient population. These patients could be considered typical patients
initially presenting in primary care with persistent troublesome symptoms of CRS without previous sinus surgery14. Endoscopy and sinus imaging were not performed in this
study. Significant improvements in symptom scores and PNIF were found.
In the two studies using Fluticasone spray and Budesonide spray to treat CRS, 68%
and 57% had verified allergy compared to 50% in the present study (Table 2)12,14. In our
study 35% had asthma, which is very similar to the rates reported by Parikh et al. (23%)
and Dijkstra et al. (33%) (Table 2)12,14. ASA intolerance was present in 20% of our patients
(2 in 10 of the active group), but was not reported or it was an exclusion criteria in the
three studies we compare against (Table 2)12,14,15. The number of previous surgeries was
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high in our study and similar to Parikh et al. (Table 2)12,14. Presence of allergy seems to
provide a somewhat better clinical outcome for topical steroids, whereas CRS patients
with asthma and ASA intolerance and those with repeated surgeries tend to have more
severe sinus disease and poorer outcome2,14. Thus, based on the limited data available,
differences in frequency of allergy, asthma, ASA intolerance and previous surgeries cannot explain the positive outcome observed in the present study compared to previous
trials.
Numerous attempts have been made to improve the treatment in CRS with other
drugs, but many have failed in recent placebo controlled studies leaving patients with
significant morbidity and reduced quality of life16-21. Topical antifungal treatment with
Amphotericin-B lavage as well as irrigation and nebulization of topical antibiotics were
not more effective than saline in recent trials19,20. Recently, it has been shown that macrolides have anti-inflammatory effects, in addition to the antibiotic effects, which may
be beneficial in CRS by inhibiting cytokine production and altering biofilm formation.
The first randomized long-term, low-dose macrolide antibiotic study in CRS showed
improvement from baseline on some parameters, but no significant improvement over
placebo after 12 week treatment21. Furthermore, the side effects of macrolides and the
potential burden on resistance make a local corticosteroid a more attractive treatment.
The reduction at 12 weeks in the average total and nasal subgroup RSOM-31 scores
move the median scores from the “bothered a lot” to the “not bothered” disease-impact
group and fulfil the criteria for a meaningful clinical effect (average score reduction >1
and/or > 30% score reduction)9. Excellent, very good or good treatment effects were
reported in 80% of rhinosinusitis patients with a reduction in total RSOM-31 SymptomImpact score > 30%9. This is in agreement with our findings (Figures 1-3).
The highly significant and progressive improvement in the endoscopically observed
mucosal edema is of particular interest. Severe edema (mean 3.7 / median 4.0 out of 4.0)
was significantly reduced to a normal score (mean 0.6 / median 0) with Opt-FP whereas a
smaller non-significant reduction (mean 3.0→1.8 / median 3.0→.5) was observed in the
placebo group. To our knowledge this has not been described before in the treatment
of CRS.
A significant increase in PNIF was observed after 4 weeks (mean 38 L/min / median
35 L/min) of treatment and increased with time to a mean of 58 L/min / median of 40 L/
min at 12 weeks from a relatively high baseline PNIF (mean 139 L/min / median 132.5
L/min). The mean increase was 49 L/min after 20 weeks of treatment with budesonide,
but baseline values are not reported14. Given the large increase in PNIF and reduction in
edema it was expected that nasal volumes measured with acoustic rhinometry would be
increased. The volume increases were not statistically significant compared to placebo.
Previous sinus surgery often creates artificial openings between the nose and sinuses
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limiting the usefulness of acoustic rhinometry in CRS patients with previous sinus surgery22.
Distorted anatomy also complicates the assessment of MRIs, but excellent correlation
between examiners suggests a place for MRI diagnoses and follow-up in CRS. The significant improvement in MRI scores in the Opt-FP group compared to baseline and positive
trend compared to placebo in this small sample size is noteworthy.
The sinus ostia play a pivotal role in CRS20. We speculate that the good outcome of the
Opt-FP observed both in CRS without polyps and CRS with polyps can be attributed to
the superior deposition characteristics to the target site in the middle meatus provided
by bi-directional delivery7,23.
In conclusion, this study presents preliminary evidence that Opt-FP (400 µg b.i.d.)
is an effective and well tolerated treatment for CRS without nasal polyps or with only
cobblestoned mucosa. The results provide hope that the new drug-device combination
can address the great unmet need for all the patients suffering from CRS.

Financial disclosure
This study was sponsored by Optinose.
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Abstract
Objective To assess the effectiveness and factors associated with restenosis after Draf
type III (Endoscopic Modified Lothrop) frontal sinus drainage procedure.
Design Retrospective analysis of prospectively collected data.
Patients A hundred and twenty-two consecutive patients undergoing Draf III procedure
for recalcitrant chronic frontal rhinosinusitis (CRS) (71%), frontal sinus mucocele (15%),
benign frontal sinus tumours (9%) and cystic fibrosis with severe CRS (5%) were followed
up for an average of 33 months.
Outcome measures Symptom burden (Visual Analogue Scale and Rhinosinusitis Outcome Measure), patency of neo-ostium and revision surgery.
Results At the end of follow up, ninety per cent of patients had a patent neo-ostium,
while 88% were either clinically better or completely asymptomatic. Thirty-nine patients required endoscopic revision surgery and 9 eventually underwent frontal sinus
obliteration. Sixty per cent of revision operations were performed during the first two
years. RSOM showed a significant improvement in both general and nasal symptoms
and on a VAS headache improved significantly. The only factor weakly associated with
re-stenosis was the presence of allergy. There were no major complications during any
of the procedures.
Conclusion A Draf III procedure is safe and effective for patients who have failed conventional frontal sinus procedures and is a valid alternative to frontal sinus obliteration.
Although the revision rate may appear to be quite significant, it can often be performed
as an outpatient procedure and the revision rate needs to be balanced against the
reduced morbidity and the ease of follow-up.
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Introduction
The surgical management of recalcitrant frontal sinus disease remains one of the biggest challenges in otolaryngology: Before the endoscope era, endonasal approaches
to the frontal ostia tended to have rather poor results and frontal sinus obliteration was
the gold standard for patients with recalcitrant frontal sinus disease1. The advent of the
endoscope and increased experience with its use led many to challenge this assumption, and in 1981, a new radical approach was developed, by Professor Wolfgang Draf’s
group in Fulda2: It consists of endoscopic removal of the frontal beak, the floor of both
frontal sinuses, the intersinus frontal septum and the adjacent part of the nasal septum,
thus creating the biggest possible common drainage pathway. Although technically difficult, this approach gradually gained in popularity. However, it is a procedure aimed at
the small group of patients with recalcitrant severe frontal sinusitis; hence, by definition
most series described tend to be rather small. We present in this paper the largest single
centre series of Draf III (endonasal modified Lothrop) procedures from the Academic
Medical Centre, in Amsterdam, The Netherlands aiming to assess its risks and benefits as
well as its long term clinical efficacy.

Patients and methods
This is a retrospective case study of all patients undergoing a Draf III procedure in our
institution, from January 2001 to September 2009. Only patients with a follow up greater
or equal to 6 months were included. Indications for surgery, demographic patient data,
medical history including smoking, allergy, asthma or Samter’s triad (ASA triad) and
surgical history were recorded. All patients underwent preoperative spiral computed
tomography (CT) scans, reconstructed in axial, coronal and sagittal planes which were
then scored according to the Lund Mackay radiological grading system3. On sagittal view
the anteroposterior distance between the most anterior part of the bony nasal beak and
the anterior skull base was measured at the level of the septum (maximal anteroposterior
frontal sinus outflow tract diameter). On the axial view the maximal lateral diameter (LR)
of the potential frontal outflow tract was measured in the same way (orbit to orbit). The
endoscopic appearance of the neo-ostium at the most recent outpatient follow-up was
graded as open, partly open or closed. Clinical outcomes were graded on the basis of the
patient’s main symptom as asymptomatic, improved or same/worse while 31 patients
completed validated patient outcome measures (Rhinosinusitis Outcome Measure - RSOM
314 and Visual Analogue Scale for headache and facial pain - VAS). Statistical analysis was
performed with PASW 18 for Mac. Pearson’s Chi square and Fisher’s exact test were used
for comparing categorical variables, while comparisons between groups were performed
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using unpaired t-test for normally distributed variables and Wilcoxon rank test for nonparametric variables, as required. The level of significance was set at 0.05 for double-sided
comparisons while Bonferroni correction was used for all multiple comparisons.

Indications and patient selection
In the Academic Medical Centre, a tertiary referral centre, Draf III is reserved for
symptomatic patients with recalcitrant chronic frontal rhinosinusitis who have failed
maximum medical therapy as well as complete ethmoidectomies and functional endoscopic frontal sinus procedures and/or external frontal sinus drainage and patients
with mucoceles or tumours in the frontal sinus accessible endonasally. A less than 1 cm
anteroposterior distance (AP) between the anterior nasal beak and the skull base as well
as frontal sinus tumours originating laterally to the midline of the orbit are considered
relative contraindications .

Surgical Technique
All primary procedures were performed under general anaesthesia and, in most cases,
using image navigation (LandmarX, Medtronic Xomed, Jacksonville, Florida, USA). Revision surgery, when it included removal of polyps and/or granulation tissue without any
bone drilling, was often performed under local anaesthetics, as an outpatient procedure.
All patients received intraoperative coverage with wide spectrum antibiotics. Purposemade cotton buds soaked in 1:1000 adrenaline and crystalline cocaine powder (total
of 100 mg) were applied under direct vision to the area of the sphenopalatine, anterior
ethmoid and greater palatine foraminae. A 30-degree endoscope was used throughout
the procedure and very rarely also a 45-degree endoscope. A complete anterior and
posterior ethmoidectomy was performed, including all ethmoid cells, as ethmoid cell
remnants can compromise the operation’s success, both by limiting the frontal sinus
outflow path as well as by acting as a nidus of persisting inflammation. A Draf IIa (simple
frontal sinusotomy) was performed preferably on both sides but, if impossible (for
example because of blocking bone), at least on one side. An incision through the anterosuperior septum was then made with a 15 blade or with a monopolar cutting needle
diathermy, starting at the level of the anterior rim of the frontal ostium and advancing 2
centimetres inferiorly and anteriorly. The mucosa from that part of the septum was then
removed with a shaver and the septal cartilage with a cutting blakesley and/or scissors.
The opening in the septum thus created should be wide enough to visualise both frontal
recesses from either nostril, but not exceed more posteriorly than the first olfactory fibres. The anterior part of the middle turbinate was trimmed parallel to the septal ostium;
sometimes, especially in cases with severe polyposis, the entire middle turbinate was
removed. With a 40 or 60-degree shaver the soft tissue and mucosa between the two
frontal ostia was then removed exposing the bone of the nasal beak and anterior frontal
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plate. Using a 40-degree cutting finesse burr the rim of the anterior frontal plate was
subsequently drilled in a rolling, smooth, anteromedial direction, keeping in mind that
the skull base extends anteriorly in the midline. The drilling was continued superiorly,
removing the intersinus septum as high as possible, and anteriorly, up to (almost) the
skin, aiming to create the largest possible, smooth-edged common outflow pathway,
defined by the lacrimal bones laterally, the anterior skull base posteriorly and the nasal
skin anteriorly. We aimed to preserve a thin (less than 1 mm) bone layer at the skin side
to prevent skin collapsing in the neo-ostium. We also aimed to preserve as much of
the ostium mucosa laterally and posteriorly as possible, while also avoiding drilling the
posterior wall of the frontal sinus, although the anterior projection of the anterior skull
base in the midline usually required some very careful drilling after identification of the
first olfactory nerve. At the end of the procedure no drains were used. Instead, we left
an antibiotic- and steroid-impregnated paraffin gauze in the neo-ostium , which was
removed at the outpatient clinic after 10 days.

Postoperative management
Patients were discharged the day after the operation and were reviewed in the outpatient clinic after a week. At the second outpatient visit, the paraffin gauze was removed
endoscopically from the neo-ostium. Subsequently the patients were advised to rinse
A

B
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Figure 1A and 1B - A 55 year old patient with 6
previous FESS procedures and 2 external frontal
sinus drainage procedures for recurrent frontal
sinusitis. Preoperative scans.
Figure 1C - Postoperative endoscopic view of
the frontal sinus, 28 months postoperatively –
patient remained asymptomatic
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their nose with saline and use steroid nasal drops. Outpatient appointments for gentle
debridement of the neo-ostium and removal of clots and crusts were made after one,
then two weeks and subsequently every two weeks until healing was complete. In case
of polyps growing into the neo-ostium, steroid and antibiotic cream was applied under
endoscopic guidance in the outpatient clinic and if necessary patients received 14 days
of oral prednisone and/or longer term antibiotics. Examples of patients are included in
Figures 1a, 1b and 1c and 2a, 2b and 2c.

Results
Patient characteristics
A hundred and twenty two patients were included in this study. Their mean age was 47
(range 11 to 78 years) and the female to male ratio 1:1.18. The indications for surgery
included recalcitrant chronic frontal sinusitis in eighty six (70%) patients (52% CRS with
nasal polyps, 19% CRS without NP), while 19 patients (16%) had mucoceles of the frontal sinuses, eroding into the orbit or the anterior skull base, 6 patients (5%) had cystic
fibrosis and the same number had osteomata of the frontal sinus while 5 patients (4%)
had extensive inverted papillomata involving the frontal sinus. The vast majority of the
patients (and all CRS patients) had had previous sinus surgery, with a mean of 3.4 procedures (range 0 to 24). Sixty-three patients (52%) had previous endoscopic surgery of
A

B

C

Figure 2A and 2B - Recurrent frontal mucocele,
after Draf 2a procedure

Figure 2C - Endoscopic view of neo-ostium 14
months postoperatively
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the frontal sinus and 22 (18%) had external frontal sinus procedures. Twenty–seven per
cent of patients had skin-prick test-confirmed allergy and 39 per cent had asthma, while
13 per cent had aspirin-sensitive asthma and nasal polyps (ASA triad). Their mean follow up was 33 months, (range: 6 to 90 months). Their mean preoperative Lund Mackay
radiological score was 13.5 (range 1 to 24) and mean anteroposterior distance between
anterior skull base and the anterior part of the nasal bone measured at midline was 13.5
mm (range 9 to 20) while mean lateral diameter of the potential frontal sinus outflow
tract was 25.3 (range 17 to 33 mm).

Clinical outcomes
At the end of follow up, 80 (66%) patients were asymptomatic, 27 (22%) had reduced
symptoms while 15 (12%) were the same or worse than before the surgery. Thirty-three
patients underwent preoperative and postoperative evaluation with Visual Analogue
Scales. In these patients, mean VAS score for headache decreased from 57.7 preoperatively to 40.7 postoperatively (p=0.02, paired t-test). A decrease was also seen in the VAS
score for facial pain: 61.1 to 42.1 (p=0.01, paired t-test). Total RSOM-31 scores changed
from 63.4 preoperatively to 39.3 postoperatively (p= 0.015, paired t-test). The subscales
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Figure 3 – RSOM-31 scores before and after surgery (n=33)
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for nasal and general symptoms decreased from 15.3 to 11.2 (p=0.017) and 19.3 to 12.3
(p<0.001, paired t-test) respectively (Figure 3).

Endoscopic outcomes
At last follow up, frontal sinus neo-ostium was fully open in 86 (76.1%) patients, partly
open in 16 (13.9%) patients and closed in 11 (9.7%) patients, while it could not be assessed in 9 patients who underwent frontal sinus obliteration.

Correlation between endoscopic outcomes and symptoms
It is interesting to note that the frontal sinus neo-ostium was closed only in 1 out of the
11 patients who did not improve – while 5 had completely and 4 partly open outflow
tracts at the last follow up. Conversely, we noted that 4 out of the 11 patients with obstructed ostia at last follow up were clinically asymptomatic.

Revision surgery
Thirty nine patients (32%) underwent revision surgery (thirty-eight revision Draf III
and one obliteration for chronic rhinosinusitis complicated by traumatic frontal sinus
fracture) at an average of 14.6 months after the first surgery. After the first revision (39
patients), 21 (54%), had partly or completely open neo-ostium at the last follow up.
However, 18 of these 39 patients underwent a second revision, which took the form of
a frontal sinus obliteration in 8 patients and revision Draf III in 10. The ostium remained
patent in 9 of these 10 patients (90%) (Figure 4) (Flowchart 1).

Predictive factors for restenosis
There did not appear to be a correlation between age, symptom duration, number
of previous (frontal) sinus procedures or anatomical measurements of frontal sinus
outflow tract and neo-ostium re-stenosis. However, there was evidence of a weak association between allergy and frontal sinus outflow obstruction: Only 5 out of 81 (6%)
patients without allergy had a closed ostium at last follow up as opposed to 6 out of
31 (19%) patients with allergy (p=0.04, Chi-square test). Similarly, patients with asthma
had higher rates of neo-ostium obstruction (7/44 versus 4/68, or 15.9 versus 5.9%, p=
0.08, NS, Pearson chi-square test). A similar –but not significant - trend was observed
in patients with ASA triad (20.1% closure rate versus 8.2% in non ASA patients) (Table
1). Regarding the indication for surgery, although the dataset was not big enough to
get some clear results, it appeared that the risk of re-stenosis was highest in patients
with Cystic Fibrosis, whereby it closed in 2 out of 5 patients, while in patients with CRS
without polyps only one out of 22 patients had a closed ostium at last follow up (Table
2). We did not have any significant orbital or cranial complications in our group.
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figure 4 - Revision surgery over time
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Table 1 - Risk of neo-ostium stenosis
Open Ostium

Closed Ostium

p-value

47.2 (13.1)

51.7 (15.5)

0.27

Male

91% (49)

9% (5)

0.72

Female

89% (53)

11% (6)

3.4 (3.3)

3.5 (2.8)

0.94

Present

81% (25)

19% (6)

0.04

Absent

94% (77)

6% (5)

Present

80% (12)

20% (3)

Absent

92% (89)

8% (8)

Present

84% (37)

16% (7)

Absent

94% (65)

6% (4)

Yes

94% (16)

6% (1)

No

90% (86)

10% (10)

AP diameter Mean, SD

14.3 (2.2)

14.0 (2.4)

0.64

Lateral diameter Mean, SD

25.5 (3.1)

24.5 (3.7)

0.35

L-M score Mean, SD

13.3 (6.2)

16.0 (6.7)

0.18

Age: Mean (SD)
Gender: %,n
Previous surgeries: Mean (SD)
Allergy: % (n)
ASA triad: % (n)
Asthma: % (n)
Smoking: % (n)

0.13
0.04
0.48

L-M score = Lund Mackay score

Table 2 - Neo-Ostium stenosis by indication
Ostium Status
Closed
Indication

CF
CRS
Inverted Papilloma
Mucocele
NP
Osteoma

Total

Partly or completely open

Total

2

3

5

40.0%

60.0%

100.0%

1

21

22

4.3%

95.7%

100.0%

1

4

5

20.0%

80.0%

100.0%

1

17

18

5.6%

94.4%

100.0%

5

53

58

10.2%

89.8%

100.0%

1

4

5

16.7%

83.3%

100.0%

11

102

113

9.7%

90.3%

100.0%
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Discussion
A generally accepted dictum about the frontal recess is to preserve its mucosa or pay
the consequences - in the form of difficult to treat, recalcitrant frontal sinusitis and
mucoceles. Hence, an operation that produces extensive mucosal and bony injury
by introducing an aggressive cutting instrument such as a rotating drill in that most
delicate area seems counterintuitive. However, the success and popularity of the Draf III
or Endoscopic Modified Lothrop procedure is based on the fact that, for patients with
severely diseased frontal sinus mucosa, it is a valid alternative to an obliteration procedure: It does not require an external incision, has reduced morbidity, hospitalisation and
costs and last but not least produces an open cavity that is easier to assess and follow
up in the clinic without the need for serial CT scans or MRIs. Technically, one “gets away“
with the use of the drill by avoiding circumferential mucosal trauma and by preserving
the posterior and lateral frontal recess, and creating a drainage pathway so large that,
by its sheer size, can countenance the inevitable postsurgical soft tissue scarring and
granulation tissue formation.
The obliteration procedure is well established, being in use for more than 40 years, and
is technically accessible to most otolaryngologists. However, it has been associated with
up to 9.4% mucocele formation rates within 2 years5 as well prolonged hospitalization,
supraorbital numbness, impaired cosmesis, the need for an abdominal incision for fat
harvesting and (rarely) in case of intracranial entry, potential severe complications. On
the other hand, the Draf III procedure has not gone through the test of time in the same
way, is more technically challenging while it has also the risk of severe complications,
such as CSF leak, orbital damage and major bleeding.
In our hospital we have been using the Draf III procedure since 2001 for either extensive
frontal sinus mucoceles with posterior frontal plate or orbital extension and for severely
scarred frontal recesses after multiple surgeries. Our therapeutic ladder in recalcitrant
frontal sinusitis initially includes one or more attempts to open the frontal recess in the
conventional way (Draf 2a) and only if that is repeatedly unsuccessful, proceed to a Draf
III. In a much smaller number of patients, with chronic frontal sinusitis and ASA triad,
Cystic Fibrosis or multiple mucoceles and extensive nasal polyposis, Draf III is used as
a primary frontal procedure, while in a handful of cases, it is used either for access for
removal of benign tumours (osteomata or inverted papillomata) of the frontal sinuses or
for patients who have failed previous obliteration.
The definition of success in Draf III procedures is not straightforward. When used
for the removal of tumours, complete tumour removal is probably the benchmark. In
patients however with CRS, symptom resolution as well as patency of the frontal sinus
drainage pathway are both valid indicators of a successful outcome. However, one may
notice that although the endoscopic success rate of 85% patent ostia at follow up is very
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close to the clinical success rate of 88%, it does not refer to the same patients: ten out of
the total of 103 patients with open ostium had persistent symptoms, while on the other
hand, 3 out of 12 patients with completely obstructed ostium were asymptomatic. This
highlights the limitations of our current methodology in correlating patients’ symptoms
with their disease, and is one of the most pressing issues necessitating further research.
It is also interesting to note that Weber and Draf in their series of patients with frontal
sinus surgery showed a discrepancy between 85% endoscopic and 91% clinical success
rates3. Other studies, that have assessed facial pain in sinusitis, show that between
56-77% of patients who have facial pain are better after sinus surgery6-8. The 45–23%
non-responder group is heterogeneous. It includes patients with non-sinusogenic
pain as well as patients with CRS-induced headache where surgery was not effective.
We feel that our non-responders belong to both of these groups. Although we used
the EPOS criteria9 for identifying and selecting patients for surgery, our patients were
a highly selected group who had undergone multiple surgeries in the past, and thus
had a higher risk of postoperative neuropathic pain – which can be as high as 46% in
patients having undergone a Caldwell–Luc procedure10. Equally, we used the criterion
of open neo-ostium to define surgical success. However, the sinusogenic pain in frontal
sinusitis may, in addition to the pressure component, also have a mucosal, inflammatory component that may persist as the frontal sinus mucosa continues to be inflamed
despite the creation of an open drainage pathway. And of course we have to admit, in
retrospect, that our selection criteria for surgery are still far from accurate, and probably
resulted in a number of patients with atypical facial pain undergoing surgery.
From a patient’s (and also shareholder’s) point of view, perhaps even more important
is the rate of revision surgery: Our 32% revision rate may appear high. However, we
know from the retrospective case series of patients treated surgically for chronic frontal
sinusitis that in order to judge its results a long follow up is necessary. Although some
maintain that all re-stenosis occurs within the first year11, others have noticed stenosis
up to 26 months after surgery12. Until now, only a handful of studies have provided
medium to long term (>24 months mean follow up) results for Draf III procedures and
only three of them for more than 20 patients: Schlosser12 looked at 44 patients with 40
months mean follow up and recorded a 32% revision rate, Samaha13 at 66 patients after
49 months mean follow up and had 15% revision rate, while Tran and Wormald11 with 77
patients followed up for an average 29 months had a 13 % revision rate.
In our study we found indeed that 64% (25/39) of our revisions were done within the
first 12 months. However, an additional 7 were done in the second year, and patients
continued to be operated in the third (3/39) and fourth year (4/39). This emphasizes
the need for long term follow up and we continue to follow up some of our patients,
hopefully to present 10 years results. We consider the assessment for the need for revision surgery a vital part of the follow up and we tend to be proactive in listing patients
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for revision surgery. With this rationale, patients with limited problems but very narrow
neo-ostium were often listed for revision Draf III, which was often a debridement of
scar- and granulation tissue, often performed as an outpatient procedure under local
anaesthetic.
Our findings of higher stenosis rates for patients with allergy, asthma and ASA triad
mirror those by Tran and Wormald11 who also noticed an association between eosinophilic mucin CRS and re-stenosis and reflect the more persistent nature of the underlying disease in these patients. Intensive long term medical and surgical management in
these patients is warranted.
Finally, we did not have any serious (intracranial or orbital) complications in our series:
We feel that the use of navigation is vital in confirming the surgeon’s good anatomical
knowledge (rather than supplementing it), and its use contributed to the above. The
wealth of accumulated single–centre experience in this procedure undoubtedly also
played a role in smoothening the learning curve.

Conclusion
Draf III or EMLP procedure is a safe and effective procedure for patients who have failed
conventional frontal sinus procedures and a valid alternative to frontal sinus obliteration. Although the revision rate may appear to be quite significant, revision can often be
performed as an outpatient procedure and needs to be balanced against the reduced
morbidity and the ease of follow-up.
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Abstract
Background A possible complication of frontal sinus obliteration with fat is the formation of mucoceles. We studied the prevalence of mucoceles as well as and the need for
revision surgery.
Methods Retrospective case review of forty consecutive patients undergoing frontal
sinus obliteration from September 1995 to February 2012 for chronic rhinosinusitis (26),
frontal mucocele (12) or frontal osteoma (2) with an average follow up of 80 months
(range 15-218). MRI of the paranasal sinuses was performed in all. Outcome measures
included MRI signs of mucocele formation in the obliterated frontal sinus, revision surgery, symptom burden.
Results Magnetic resonance imaging showed potential postoperative frontal sinus
mucoceles in 6/40 patients. In 3 patients (7.5%) a revision operation was performed, revealing mucoceles in two cases. A wait and scan-policy in the other 3 patients confirmed
the presence of a mucocele in 1 of these patients. The majority of patients (33/40, 83%)
was asymptomatic at the last follow up.
Conclusion The prevalence of mucoceles and revision rate in this series was 7.5% (3/40).
MRI can improve detection rate and reduce / avoid unnecessary revision surgery after
FSO.
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Introduction
The surgical management of the frontal sinus with its complex and variable drainage
path remains one of the greatest challenges in otolaryngology1. The frontal sinus can
be approached endonasally (by for instance a modified endoscopic Lothrop or Draf
III-procedure) or externally using the osteoplastic flap technique with or without
obliteration2-5 . Technical improvements like curved drills and topical mitomycin-c application have broadened the possibilities of endonasal frontal surgery6-8. However, in
some cases the external approach and obliteration of the frontal sinus is unavoidable.
In the Academic Medical Centre, a tertiary referral centre, external frontal sinus surgery
is reserved for symptomatic patients who have failed maximum medical therapy as well
as functional endoscopic frontal sinus procedures and/or Draf III-procedure(s) and for
patients with tumours in the frontal sinus, which are inaccessible transnasally. In general and in dialogue with the patient, 2-3 revision Draf III-procedures are tried before
we decide to do an external frontal approach. Incapability of maintaining adequate
endonasal drainage of the frontal sinus after endoscopic surgery is found to be more
common in patients with allergy6,10 and/or a narrow neo-ostium10,11. Endonasal drainage
of the frontal sinus is not more likely to persist after external frontal sinus surgery than
after endonasal surgery such as Draf III. Therefore, we advocate combining the external
approach with occlusion of the frontal recess and obliteration of the frontal sinus with
abdominal fat after removal of all frontal sinus mucosa.
Patient satisfaction after frontal sinus obliteration is generally good12-15, but a medium
to long term complication often described in the literature is development of mucoceles
in the obliterated frontal sinus with incidences as high as 23%16-18. Mucoceles can cause
destruction of neighbouring bony structures by expansive growth, creating a need for
surgical re-exploration. In this study we investigate the prevalence of mucoceles after
frontal sinus obliteration.

Materials and methods
This is a retrospective case study of all patients undergoing a frontal sinus obliteration
procedure in our institution, from September 1995 to February 2012. Only patients with
a follow up equal or greater than 15 months were included. Indications for surgery,
demographic patient data, medical history including smoking, allergy, asthma or ASA
triad and surgical history were recorded.
All patients underwent preoperative spiral computed tomography (CT) scans, with
axial plane parallel to the hard palate, and images reconstructed in coronal and sagittal planes. Magnetic resonance imaging (MRI)-scans focusing on mucoceles within the
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frontal sinus were performed yearly during the first five years postoperatively and then
every 2-3 years, in most patients until 10 years postoperatively. SET2 axial, coronal and
sagittal, axial SET1 with and without fatsat, 3mm slice thickness, 512x256 resolution
matrix, 200 FOV (Avanto 76x18, 1.5T. Siemens, Erlangen, Germany). All MRI-scans were
reviewed by two otorhinolaryngologists and a specialist head and neck radiologist.
We defined mucoceles as expansive, well-defined, rounded-to-oval lesions within the
frontal sinus, connected to the sinus wall with or without bone remodelling (see Box 1
for radiological criteria). Approval by an ethics committee was not requested.
Clinical outcome was based on the presence of symptoms as reported by the patient at
last follow up.
A lesion within the frontal sinus which is:
•
Well-defined
•
Rounded
•
Expansive
•
Connected to the sinus wall
•
Not embedded within the fat graft
Signal intensity:
•
T1: Young mucoceles hypointense, older mucoceles iso- to hyperintense
•
T2: Young mucoceles hyperintense, intensity diminishes with time
•
Signal intensity is not reduced by fat suppression setting

Box 1 - Radiologic criteria for diagnosis of clinically relevant mucocele after frontal sinus obliteration

Results
Patient characteristics
Forty patients were included in this study (23 males) with a mean age of 50 (range
17 to 76 years). Twenty-six patients had chronic frontal rhinosinusitis: 17 had chronic
rhinosinusitis without nasal polyps (CRSsNP), 9 had chronic rhinosinusitis with nasal
polyps (CRSwNP). Twelve patients had mucoceles and 2 had osteomata of the frontal
sinus (Table 1). Ten patients (25%) had skin-prick test-confirmed allergy and 12 patients
had asthma. Four patients had aspirin-sensitive asthma and nasal polyps (ASA triad).
Thirty-four patients underwent frontal sinus obliteration as a single procedure. In five
patients endonasal surgery was done in the same setting and in one patient the frontal
sinus was cranialized before obliteration. This was a young male with type II neurofibromatosis. The posterior frontal sinus wall was largely destroyed. Therefore, it was decided
to drill away the remains of the posterior wall, cranializing the sinus. The space between
the anterior sinus wall and the brain was then obliterated with abdominal fat.
Four patients underwent frontal sinus obliteration as a primary procedure, all because
of extensive frontal mucoceles with an unfavourable anatomical situation. Thirty-six
patients had had previous sinus surgery. On average patients had undergone 4.2 previ-
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ous procedures (maximum 11). Thirty-two patients (80%) had had previous endoscopic
surgery, ten had undergone a Draf III-procedure (25%) and eighteen (45%) had had
external frontal sinus procedures without obliteration.
Mean follow up was 80 months, range 15 to 218 months. Median follow up was 70
months.
Table 1 – Indications for surgery and revision rates
Indication

N

CRSsNP

16

Revision surgery

2

CRSwNP

9

Mucocele

9

Revision surgery

1

CRSsNP + mucocele

3

CRSsNP + CF

1

CRSsNP + osteoma

1

Gardner’s syndrome

1

Postoperative mucoceles
We reviewed 141 MRI-scans of 40 patients. In 45 original radiology reports regarding 21
patients a possibility of a mucocele was reported. In 15 patients careful review by three
of the authors (FH, NF, WF) revealed an absence of growth and/or bony destruction over
time. It was therefore concluded that these lesions were non-growing mucoceles or not
mucoceles at all. Most of these previously alleged mucoceles were re-labeled as residual
supra-orbital cells. Abnormalities surrounded by fat and/or without contact with a sinus
wall were also considered not to be mucoceles. In the end, postoperative MRI-scans
showed abnormalities which were radiologically suspected to be mucoceles in 6 patients. In three of these patients a wait and scan-policy was adopted. In two patients
no measurable progression was found in the 3-4 years they were monitored until now.
In the third patient the abnormality grew 2-5 mm in 6 years. Because of the absence of
growth we concluded the first two lesions were not likely to be mucoceles after all, but
further evaluation over time is necessary for a definitive conclusion.
Three patients underwent revision surgery 10 months, 19 months and 7 years after
the obliteration. Revision surgery revealed frontal mucoceles in two patients: one in the
obliterated frontal sinus and one within frontal cells that were overlooked during the
original obliteration. In the third patient, operated seven years after the primary procedure, the frontal sinus contained no mucoceles, but inflamed residual mucosa. Repeated
MRI-scans in the 3 to 6 years after revision surgery did not reveal recurrent mucoceles in
any of the 3 revision patients.
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In this series the incidence of mucocele formation was 7.5% (3/40).

Clinical outcomes
At the end of the follow up period the majority of patients (n=33, 82.5%) was asymptomatic, while the remaining seven patients reported bothersome symptoms, described as
either frontal pressure (5) or frontal headache (2). All of these symptomatic patients had a
diagnosis of chronic rhinosinusitis and had all previously failed multiple endoscopic sinus
procedures, while five of them had also failed at least one external procedure prior to
frontal sinus obliteration. Two of these 7 patients had a mucocele of MRI after frontal sinus
obliteration. One underwent revision obliteration, but remained symptomatic despite this.

Discussion
The data from this retrospective case review with well known limitations suggest a prevalence of postoperative mucoceles of 7.5%, which is comparable to the 9.8% described
by Weber et al.16, but notably lower than the prevalence of 23% found by Loevner et
al.17. What causes this discrepancy? Was the follow up period too short? Scangas et al.
showed that mucoceles can occur as long as 18 years after open frontal sinus surgery19.
This corresponds with the longest follow up of 218 months in our study, but 33 patients
had a follow up of less than 10 years at the moment of writing this article. However, the
mucoceles we found were detected within the first two postoperative years. Weber et
al. describe a follow up period of 1 to 12 years and found mucoceles 11 to 130 months
postoperatively. Loevner studied 13 patients, of which 10 were followed up 14 months
or less. No mucoceles were detected in this group. The other three patients had a follow
up of 32 months, 9 years and 12 years and these were the patients in which mucoceles
were found. The authors acknowledge the need for a long follow up period and will
continue to monitor the patients in this study. A difference in surgical technique could
be a cause of the difference in mucocele rates, but a difference in criteria on which a
lesion is labeled a mucocele on MRI is a more likely reason. Because the decision on
reintervention can be purely based on MRI findings, an adequate radiological definition
of mucoceles and a differentiation from the fat graft is of utter importance.
Signal intensity of mucoceles on T1 and T2 is dependent upon the viscosity and the
fluid content. On T1 mucoceles have low signal intensity initially, but a more dehydrated
mucocele changes from isointense to hyperintense. On T2, mucoceles are hyperintense
owing to their high water content. With time, the intensity may diminish due to water
absorption and increased protein concentration20,21.
The density of the fat graft is variable between patients and over time. This might be
caused by the formation of fibrosis and/or hemorrhage within the graft22. In determining
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Figure 1 – On the left a T1 image with a supraorbital abnormality. On the right the same abnormality in a
T1 with fat suppression-setting. Signal intensity is markedly lower in fat suppression-setting and therefore
we can conclude that this tissue is fat.

whether tissue seen in the frontal sinus is fat or not, applying fat suppression technique
is helpful (Figure 1).
Not all round lesions with the signal intensity of mucoceles are indeed mucoceles. In
some cases the fat graft takes the typical round shape of a mucocele because a bony
concavity was present in that location before obliteration, perhaps due to a mucocele.
Comparison of pre-operative CT-scans and postoperative MRI-scans is very informative

3.3

Figure 2 – At first glance a mucocele, but after closer examination fat taking the shape of a mucocele on
postoperative MRI due to preoperative concavity as seen on preoperative CT.
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in these cases (Figure 2). An anomaly which is not attached to the sinus wall, but is fully
contained within the inserted fat is very unlikely to be a mucocele, since the fat graft
does not contain mucosa (Figure 3). Non-growing lesions can also be mucus-filled preexisting cavities (Figure 4). These can be located above or under the level of occlusion
of the obliterated frontal sinus, for instance in the frontal recess. These cells, although
opacified, probably drain into the ethmoid and thus do not cause problems. Revision
rate in our series was 7.5%. In series studying endonasal radical frontal sinus surgery,
like Draf III-procedure, notably higher revision rates were found: 32% by Georgalas23 and
Schlosser24, 15% by Samaha25 and 13% by Tran26. However, these revisions can often
be performed as an outpatient procedure and the revision rates need to be balanced
against the reduced morbidity and the ease of follow-up after endonasal surgery versus
external frontal sinus surgery.

Figure 3 – T1 and T2-image of lesion surrounded by abdominal fat. Since the fat graft does not contain
mucosa, this lesion cannot be a mucocele.
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Figure 4 – Mucus filled supraorbital cell on postoperative MRI.

Conclusion
The prevalence of mucoceles and revision rate in this series were 7.5% (3/40). MRI is
well suited to detect mucoceles during follow-up of pateints after FSO. The application
of well-defined radiological criteria can reduce unnecessary revision surgery as well as
multidisciplinairy discussions between radiologists and otorhinolaryngologists to fully
understand the differential diagnosis. Clinical outcome was favourable in 83% (33/40).
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General discussion
As a doctor, we want to cure patients. And patients expect doctors to cure them, for
example by prescribing medication or performing surgery. In my opinion, ‘do no harm’ is
an equally important part of the Hippocratic oath, which we should keep in mind when
discussing treatment options for patients suffering from acute or chronic rhinosinusitis.
Sometimes not prescribing medication or not performing surgery is better for the patient than doing so. Sometimes less is more. This statement is in many ways applicable
for the subjects discussed in this thesis: (1) less antibiotics for uncomplicated ARS and (2)
less invasive management of Pott’s puffy tumour and CRS. Unfortunately, a less invasive
approach does not always suffice. In cases of recalcitrant CRS, it may be necessary to
perform radical surgery such as a Draf III or frontal sinus obliteration.
The first part of this thesis focuses on the complications of acute rhinosinusitis (ARS) and
its management. In chapter 2.1 the incidence of complications of ARS in the Netherlands
is investigated. In addition, the role of antibiotics in preventing complications from
developing is disputed. In chapter 2.2 a closer look is taken on Pott’s puffy tumour, a rare
complication of ARS. Based on a case series of 6 patients, minimally invasive treatment
of Pott’s puffy tumour is advocated.
In the second part of this thesis we investigated different treatment options for chronic
rhinosinusitis (CRS). In chapter 3.1 a randomized clinical trial is presented, demonstrating the efficacy of corticosteroid nasal spray delivered via a novel device in comparison
to placebo in patients with CRS without nasal polyps or only cobble stone mucosa.
Chapters 3.2 and 3.3 address radical sinus surgery for recalcitrant chronic rhinosinusitis
as a last resort option. In chapter 3.2 we report favourable results of Draf III frontal sinus
surgery in 122 patients. In chapter 3.3 we present the results of frontal sinus obliteration
in 40 patients and discuss the incidence of post-operative mucoceles.

Acute rhinosinusitis, its complications and the role of
antibiotics
The discovery of antibiotics changed the world for the better. We now have to be careful that antibiotics don’t succumb to its success and change the world again, but for
the worst this time. Bacterial resistance is an unwelcome side effect of the success of
antibiotics and forms a threat to public health1,2. Ecological studies have demonstrated
that the use of antibiotics has led to the rise of antibiotic resistance worldwide, with
resistance being more common in countries with moderate to high antibiotic prescription rates (southern Europe and the USA) than in northern European countries with low
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prescription rates3,4. We, as doctors, have the responsibility to guard the use of antibiotics by prescribing it wisely and parsimoniously, so it will stay useful in those cases in
which it is genuinely needed. Uncomplicated acute rhinosinusitis is no such case.

Antibiotic treatment is not indicated for uncomplicated ARS
Acute rhinosinusitis is a self-limiting disease, most frequently caused by post-viral inflammation, and one of the most common diseases encountered in primary care with a
global prevalence of 6-15%5,6. Only 0,5-2% of patients with ARS have symptoms indicating the presence of bacterial ARS. Systematic reviews demonstrate that uncomplicated
ARS resolves without antibiotic treatment7,8. A Cochrane review comparing antibiotics
to placebo in adult patients with ARS found 10 trials (8 from primary care) with a total of
2450 participants. Antibiotics shortened the time to cure by less than half a day. Only 5
more participants per 100 were cured by 7-14 days and 18 participants (95% confidence
interval 10-115) need to be treated for one patient to be cured faster7. This needs to be
weighed against adverse effects of antibiotics: the number needed to harm was only 8
(95% confidence interval 6 to 13). Most common adverse events were skin rash and gastrointestinal disturbances, such as diarrhoea, nausea and vomiting. Another Cochrane
review, comparing antibiotics to placebo for acute maxillary sinusitis with symptoms
lasting seven days or more, found six controlled trials9. There was a small resolution
benefit with antibiotics. However, improvement rates were high in both groups: 80%
in the placebo-group versus 90% in the antibiotics-group. There was only a marginal
difference in “total cure” between the groups: antibiotic treatment resulted in a small
reduction of the relative risk of ongoing symptoms at 7 to 15 days of 0.73 (0.63-0.85).
The authors conclude that the slight benefits must be weighed against the potential for
adverse events at both the individual and the population level. Following the evidence,
several guidelines recommend to limit the use of antibiotics for ARS to a small minority of patients with multiple symptoms of severe disease: purulent rhinorrhoea, severe
(unilateral) facial pain, high fever and/or “double sickening” (deterioration after an initial
milder illness)10-12. In contrast to these recommendations and despite the consistent
evidence of spontaneous resolution, antibiotics are prescribed in 80% of cases of adult
ARS in Europe and North America13,14. Prescription rates in Asia are lower (30%), but over
the counter availability of antibiotics makes it difficult to determine exact figures6.
Interviewing GPs reveals several reasons for the over-prescription of antibiotics for
respiratory tract infections15,16, such as uncertainty in diagnosis and management, the
perception of patient expectation and potential conflicts with patients15, availability of
antibiotics over the counter17 and unawareness of local resistance problems18.
Concerning the patients’ expectations, withholding antibiotics (although medically
correct) might be perceived as unwillingness or even ignorance of the doctor. In the era
of internet and ‘Dr Google’ patients tend to form an opinion about their diagnosis and
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the treatment they think they should get. Some patients come to the GP simply to ask
for a prescription of antibiotics. How well informed the patient is (or thinks to be), he/
she does not have the medical knowledge required to place the symptoms they have
and the therapy they need in the larger context of individual and population-based
medicine. Many patients are unaware of the fact that antibiotics are not effective against
viruses. It is the doctor’s responsibility to explain this to the patient and inform him or
her that not prescribing antibiotics is in many cases better for the individual patient
(because of the relatively high chance of side effects) and certainly for the population in
the light of bacterial resistance. Unfortunately, discussing this with a patient often takes
a lot more time and effort than simply writing the prescription. And then there is the risk
that not meeting patients’ wishes might render them unsatisfied. In order to support
GPs in their communication towards patients, something as simple as an information
booklet explaining to patients why antibiotics are not prescribed and answering common questions on this subject could be useful. In addition, a C-reactive protein (CRP)
point-of-care test could help GPs to decrease their diagnostic uncertainty, to support
non-prescription decisions and to reassure patients16.

Development and management of complications of ARS
An important argument for prescribing antibiotics to patients with ARS is fear of
complications, either orbital, intracranial or osseous. These complications can indeed
be dangerous and require timely recognition and treatment. But does prescribing antibiotics for ARS prevent the emergence of complications? The evidence suggests it does
not. In this thesis (chapter 2.1), we describe the occurrence of only 48 complications (16
intracranial and 32 orbital) in one year in a population of 16.3 million persons. Forty-two
per cent of all complications developed during oral antibiotic therapy. This suggests that
the protective effect of antibiotics against the occurrence of complications is doubtful.
Similarly, data from the prospective audit of the British Rhinological Society suggest that
early antibiotic treatment in primary care does not prevent the occurrence of complications: 59% of a study group of 78 patients admitted to the hospital with a complication
of ARS was treated with antibiotics in primary care19. From our data we estimate the
incidence of complications of acute bacterial rhinosinusitis to be 1:32.000 in adults and
1:12.000 in children. Given the fact that ARS is a bacterial infection in only 0,5 to 2% of
adult patients with ARS, the overall chance of developing a complication when suffering
from ARS is 1 in 1.6 to 6.4 million. In children this risk is 1 in 600.000 to 2.4 million.
Complications are very rare in the Netherlands, even though the Netherlands has
the lowest prescription rate for antibiotics in Europe20-22. France, on the other hand appears to have the highest prescription rate for antibiotics in Europe21,22. This difference
in prescription rate between the two countries is not observed in the French study by
Stoll et al.23. In their study, 44% of (mainly adult) French patients with ARS had received
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antibiotics prior to hospitalization due to a complication. This is comparable to the
42% that we found. The relatively low prescription rate of antibiotics in the French
study (as compared to other studies suggesting high antibiotic prescription rates in the
population) is explained by the fact that 37% of patients in the study had no signs of
ARS prior to the development of the complication. In our study, 40% of patients were
asymptomatic prior to hospitalization. When comparing antibiotic prescription rates in
the subgroup of patients experiencing symptoms of ARS, a clear difference is observed:
in the French subgroup of symptomatic patients 70% received antibiotics prior to hospitalization because of a complication. In the same Dutch subgroup, 40% was treated
with oral antibiotics in primary care. The estimated risk of developing a complication of
ARS, however, is quite similar in the two studies: 0,31% in the Netherlands versus 0,25%
in France, supporting the assumption that prescribing antibiotics in primary care does
not prevent the occurrence of complications.
The European position paper on rhinosinusitis and nasal polyps contains an evidence
based treatment scheme for acute rhinosinusitis, including a list of alarm symptoms
which require immediate referral to a specialist5. For orbital complications, the alarm
symptoms are: periorbital edema/erythema, a displaced globe, double vision, ophtalmoplegia and reduced visual acuity. In our series, the most common presenting
symptoms of an orbital complication are edema and erythema of the eyelids and pain in
the eye. While the first two symptoms are recognized as alarm symptoms by EPOS, pain
in the eye is not. Our data justify the acknowledgment of pain in the eye as an alarm
symptom as well.
When comparing the management of complications of ARS in Dutch hospitals to British and French hospitals, both similarities and differences are seen19,23. As for antibiotic
treatment, all patients in all three countries are treated with intravenous antibiotics.
Across countries, amoxicillin-clavulanic acid is the most frequently used agent, but
Dutch patients with intracranial complications seem to be more often treated with
metronidazole (in combination with another antibiotic agents) than British and French
patients, while British and French doctors seem to prescribe cephalosporins more
frequently than Dutch (35% in the British group, exact numbers not mentioned in the
French group). Exact comparison of data is difficult, due to missing data and different
styles of reporting. The British study group consists largely of patients with orbital
complications (76%), possibly explaining the lower prescription rate for metronidazole,
an antibiotic that is mainly used in case of an anaerobic infection. In the British study,
thirty-two of 78 patients received an unspecified antibiotic agent. In another nine out of
78 patients data are missing, rendering it possible that British patients were treated with
metronidazole in case of intracranial complications.
When looking at surgical treatment, 94% of patients with an intracranial complication
and 41% with orbital complications underwent surgery in our series. The British audit
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reports a 40% surgical intervention rate (missing data 8/78) in their study group with
76% orbital complications. Stoll et al. report a 72% surgical intervention rate in a study
group with roughly 40% intracranial, 40% orbital and 20% osseous complications. In 10
out of 43 French patients, surgery was performed only endoscopically. In the other 33
patients some form of external sinus surgery or puncture was performed. Unfortunately,
we were not able to determine the type of surgery in our study population in all cases
as hospital notes were sometimes limited to as little as ‘sinus drainage’, which could be
either external or endoscopically.
Chapter 2.2 focuses on the management of a rare complication of ARS: Pott’s puffy
tumour (PPT). PPT used to be treated by radical sinus surgery including the resection
of osteomyelitic bone. We describe the results of a more conservative approach with
antibiotics and endoscopic sinus surgery. Our results are supported by favourable findings by other authors24-26. Removal of osteomyelitic bone appears to be unnecessary,
since erosive bone seems to recover completely even when sequesters are seen at
presentation. Similar observations have previously been described by Sullivan et al in
201327. For future cases (if patients are clinically well), we are considering an even more
conservative treatment, with only antibiotics and puncture of the abscess, but without
endoscopic sinus surgery. This consideration is motivated by the relatively high risk of
complications and restenosis when performing surgery in a frontal recess with severely
inflamed mucosa.

Chronic rhinosinusitis: medical and surgical management
Treatment of CRS is often challenging, due to the fact that it is a heterogeneous disease
with several possible underlying aetiologies. In treating CRS the goal is to achieve
control of the disease, since complete cure is often impossible. The concept of disease
control has only recently been introduced in CRS and is defined as a disease state in
which patients do not suffer from symptoms at all or have remaining symptoms that are
not regarded as bothersome. The degree of symptom reduction, the presence of adverse
events and the outcome of treatment, all determine the amount of disease control.
Based on symptom severity, aspect of the mucosa and need for systemic medication,
CRS patients are defined as controlled, partly controlled or uncontrolled28. An estimated
20% of CRS patients are not well controlled by guideline-based treatment schemes and
are considered to suffer from difficult-to-treat rhinosinusitis5.
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Topical treatment of CRS
Topical corticosteroids
Topical corticosteroids exert their effect directly via a reduction of eosinophil viability
and activation and indirectly by decreasing the secretion of chemotactic cytokines by
epithelial cells in nasal mucosa and nasal polyps29-32. Systemic absorption of modern
corticosteroids is negligible. This is in clear contrast to the 34-49% systemic absorption
of older corticosteroids33. Modern topical corticosteroid therapy is therefore not characterized by systemic side effects, but can, however, have local side effects such as nasal
irritation, dryness and/or epistaxis. As to their efficacy, a systematic review by Snidvongs
et al reported a statistically significant superiority of topical corticosteroids over placebo
in improving symptom scores in (pooled data of ) 286 patients with CRSsNP34. Subgroup
analysis, using symptom scores, did not show a difference in therapeutic effect between
first generation corticosteroids (such as budesonide, beclomethason and betamethasone) and modern corticosteroids like momethasone, fluticasone and ciclesonide. Based
on these results and the fact that the occurrence of systemic side effects is negligible,
one preferably should prescribe modern corticosteroids. However, there is room for
improvement when it comes to delivering corticosteroids to the middle meatus and
sinus mucosa in a patient friendly way. Conventional nasal spray reaches the middle
meatus in less than half of the patients35 and less than 1% enters the sinus cavities of
CRS-patients with no history of sinus surgery36. Nasal drops are superior to nasal spray in
passing the nasal valve and reaching the middle meatus, but are more laborious for patients to use, thus compromising therapy adherence. So, the search for an ideal delivery
device for nasal corticosteroids continues. In chapter 3.1 we have tested a new device
aimed to improve the adherence to medical therapy in patients with CRS. In an earlier
study, performed by the developer of the device, the deposition of corticosteroids in
different segments of the nose was assessed using scintigraphy after administration of a
99m
Tc-aerosol via the bi-directional breath-activated device (Optinose) or via a traditional
nasal pump. In this study, a higher deposition in the posterior upper part of the nose
(p<0.004) and a lower deposition in the anterior segment (p<0.004) was demonstrated
in those individuals administrating corticosteroids with the Optinose-device37. In our
current study, we demonstrate that administration of fluticasone-propionate with the
Optinose-device has a positive effect on nasal endoscopy and symptom scores. But is
it better than the effect of fluticasone-propionate delivered via a classic nasal spray?
This conclusion could be made based on the above-mentioned studies, but in order
to establish superiority of the Optinose-device over a conventional delivery device, a
double-dummy study with a sufficiently large study group should be performed.
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Nasal saline irrigation
Since CRS is an inflammation occurring at the interface of the nasal mucosa and the
external environment, it seems logical that treatment of CRS is targeted at possible causative exogenic factors driving the secondary inflammatory mechanism characteristic of
CRS acting at this interface. Nasal irrigation with saline has the purpose of cleaning the
nose, removing purulent mucus and crusts that sustain the vicious circle of new irritation causing extra inflammation and accumulation of waste products. Due to impaired
mucociliary clearance, as a result of inflammation and obstruction of the sinus ostia, the
nose and sinuses are often no longer capable of getting rid of this debris. A Cochrane
review on treatment of symptoms of CRS showed a beneficial effect of isotonic and
hypertonic saline irrigation38. Use of a high volume nasal douching is advised as opposed to spray39. Different modifications and additions to nasal saline irrigation have
been studied, such as xylitol and sodium hypochlorite (NaOCl), which is a disinfecting
agent effective against S. Aureus and P. Aeruginosa (amongst others). A saline solution
with 0.05% NaOCl proved to be significantly more effective than saline alone in S. Aureus
positive CRS patients40. Nasal irrigation with 12 mg xylitol in 240 ml saline caused a
significant improvement of symptoms in CRS as compared to saline only41. Hypothesizing that surfactants are able to dissolve biofilms by reducing water surface tension, a
non-randomized open-label trial was performed rinsing the nose with baby shampoo.
A 46% improvement in subjective symptoms was observed42. Unfortunately, because of
a possible side effect of loss of smell, the commercial version of the baby shampoo was
removed from the market.

Surgical treatment of CRS
Randomized controlled trials investigating the efficacy of ESS for CRS are rare and
characterized by inconsistent inclusion criteria, inconsistent outcome measures and
different types of interventions, thus rendering the generalization of results difficult. A
Cochrane review by Rimmer et al. identified four randomized studies, comparing surgical treatment (polypectomy, FESS) to any medical treatment including placebo, in adult
patients with CRSwNP43. No difference was found in disease-specific symptom scores or
health-related quality of life scores. One study reported a significant effect of surgical
treatment on polyp size upon nasal endoscopy. However, the clinical significance of this
finding is uncertain. Furthermore, the authors of the systematic review conclude that
the quality of evidence is low to very low and that further research is needed. In 2015
DeConde et al. published data from an open, non-randomized trial comparing medical
treatment alone to surgery and medical treatment together in 342 patients with CRSsNP
and CRSwNP44. Non-randomization in this study is a problem. Only 20% of patients
chose not to undergo surgery. As can be expected, this group had a significant lower
SNOT-22 score than the group that chose to undergo FESS. Subjects undergoing FESS
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were significantly more likely to experience improvement in thick nasal discharge (odds
ratio (OR) = 4.36), facial pain/pressure (OR = 3.56), and blockage/congestion of nose (OR
= 2.76). Subjects with nasal polyposis were significantly more likely to report complete
resolution of their smell/taste disturbance following FESS compared to medical management (23.8% vs. 4.0%; p = 0.026). In February 2015 an open multicentre randomized
controlled trial started in The Netherlands comparing FESS and medical treatment to
medical treatment alone in patients with CRSwNP. Primary outcome is disease specific
quality of life. A secondary outcome is the question whether different phenotypes of
CRSwNP patients can be distinguished predicting the effectiveness of FESS. Results from
this study are not to be expected before 2017. In the meantime, we have to rely on level
II-III type evidence that FESS is safe and associated with an improvement in symptom
scores (especially nasal obstruction and nasal discharge), disease specific and generic
quality of life as well as objective measures, such as polyp size on endoscopy5.
Surgical treatment of CRS should be tailored to the extent of the disease and conservatism is recommended in primary sinus surgery. Main reason for surgery should be aimed
at opening the sinus for application of local pharmacotherapy45. Approximately 20% of
operated patients respond unsatisfactorily to sinus surgery with concomitant medical
therapy and eventually require revision surgery46. Predictors of revision surgery include
previous revision surgery, extensive polyps, bronchial asthma, allergy, ASA-intolerance
and cystic fibrosis47-49. In revision cases, a more extensive surgical procedure may be
indicated. Chapters 3.2 and 3.3 of this thesis address such more extensive procedures:
the Draf III (or modified endoscopic Lothrop) procedure and external frontal sinus obliteration.
CRS is a chronic disease that may result in decades of intense medical need including
medication and repetitive surgery. There is little evidence on the best time for and
extent of primary surgery. Recently, Hopkins et al.50,51 showed that patients who receive
earlier surgical intervention do better in the long run than patients on whom surgery is
performed later in the disease period. More long-term prospective studies are needed
to determine what period of medical treatment before surgery should be advised in
most guidelines. Currently, the decision whether or not to perform surgery is usually
the result of shared decision making by patient and surgeon, taking into account the
impact of the disease on quality of life and the estimation of the surgeon of the potential
improvement that surgery would bring. It is unclear from the literature what the balance should be between deciding to step up medication with potentially significant side
effects (e.g. longer periods of systemic corticosteroids) compared to revision surgery.
Moreover, the extent of the surgery is a matter of debate. On the one hand there are
hardly any data showing that more extensive surgery has a better outcome on quality of
life or need for revision surgery46,52-54, but on the other hand most surgeons who perform

General discussion

115

revision surgery have the impression that there is a relation between the extent of the
surgery and the amount of revision surgery necessary. However, whether this potential
benefit outweighs the increased morbidity and potential risks of more extensive surgery
is undecided. In general, rhinologists think that treating exacerbations of CRS early by
increasing the medical treatment prevents deterioration of the disease. Nevertheless,
there is very little evidence again, to prove this point and further studies are required.
For proper assessment of severity of the disease nasal endoscopy seems mandatory,
highlighting the need for frequent otorhinolaryngological check up. It can be debated if
in situations where the infrastructure does not allow frequent monitoring of the disease
more extensive surgery could be defended.
Draf III
In chapter 3.2, a series of 122 patients undergoing a Draf III-procedure in our academic
medical centre in Amsterdam is described with an overall success rate of 88%. Since the
publication of our data in 2011, two other large series have been published: a Belgian
series of 120 patients by Eloy et al.55 and an Australian series of 229 by Naidoo et al.56. The
growing number of patients in published series (from 44 by Schlosser in 2002 to 229 by
Naidoo in 2014) reflects the growing popularity of and experience with this endoscopic
surgical procedure. Sometimes, patients are included in several series: for example
Naidoo et al. describe the results of the Draf III-procedure performed in Adelaide under
the supervision of the senior author P.J.W. Wormald between 2001 to 2011. Tran et al.57
discuss the results of the Draf III-procedures in the same institution and under supervision of the same senior author in the period between 1998 and 2005. These two series,
therefore, probably (partly) contain the same patients (i.e. patients operated between
2001 and 2005).
Success rates
Success is defined differently from one article to another. Looking at symptom reduction, success rates are high: i.e. 74 to 100% (55, 56, 58-60). The 100% success rate observed by Naidoo et al. needs some explanation: at the end of follow up 47% of patients
were asymptomatic, while 27% had mild symptoms, 18% had moderate symptoms and
8% had severe symptoms. Because all patients noticed some degree of improvement
in symptoms severity, the authors labelled all procedures as successful. Patency of the
neo-ostium is another parameter for success and varies from 97% in the study by Naidoo
et al. to 77% in the series by Shirazi et al.55-57,59,60. This compares to the 90% that we
observed: in 76% a completely open neo-ostium was observed and in another 14% a
narrow neo-ostium was observed. Not all authors differentiate between completely patent neo-ostia and narrow neo-ostia, but those who do describe a narrow neo-ostium in
around 1/3 of patients55,57,59. The third parameter of success, namely revision surgery, is

4

116

Chapter 4

highly variable between studies: 5% by Naidoo et al. to 23% by Shirazi et al. and 32% by
Schlosser et al.56,58,60. Our seemingly high revision rate may in part be due to the fact that
we regarded out-patient procedures under local anaesthesia as revision surgery as well.
Revision surgery under local anaesthesia is not explicitly mentioned by other authors.
One could argue that our interpretation of revision surgery makes our data harder to
interpret and difficult to compare to data from other authors. In hindsight, it might have
been better to separate the genuine revision operations (under general anaesthesia)
from the smaller out-patient procedures, which would then be considered additional
postoperative care.
Comorbidity and predictive factors
In the overall Dutch population prevalence of allergic rhinitis is estimated to be 25-30%61,62.
Estimates of the prevalence of asthma in the general population of The Netherlands are
6.4%62 to 9%63. In patients with CRS, asthma is more common with prevalence rates of
10-15% in patients with CRSsNP and 45% in patients with CRSwNP64. In our population
27% of patients had a skin-prick test-confirmed allergy, 39% had asthma and 13% had
ASA triad. These numbers are comparable to what other authors observed in patients
undergoing a Draf III-procedure. Internationally, the prevalence of asthma in Draf IIIpatients varies from 25% to 64%55-57,60. The prevalence of allergy in Draf III-series varies
widely, ranging from 22% in 120 Belgian patients55 to 79% in 97 American patients60.
Allergy-prevalence seems to be correlated to the number of patients with CRSwNP: In
the American population 90% of patients had CRSwNP, compared to 48% in the Belgian
series and 52% in our Dutch series. Shirazi et al. also found the highest prevalence of the
ASA triad (33%), while other authors found percentages more comparable to our 13%:
11%55, 15%56 and 18%57. The high prevalence rates of co-morbidities such as allergy,
asthma and the ASA triad in Draf III patients who have failed previous sinus surgery
suggests a negative influence of their presence on the outcome of surgical treatment. In
our series, a weak association between allergy and frontal sinus outflow obstruction was
observed: only 5 out of 81 (6%) patients without allergy demonstrated a closed ostium
at latest moment of follow up as opposed to 6 out of 31 (19%) of patients with allergy
(p = 0.04, Chi-square test). Similarly, patients with asthma demonstrated a higher rate
of neo-ostium obstruction, which did not reach significance, possibly due to the small
sample size (7/44 versus 4/68, or 15.9 versus 5.9%, p = 0.08, NS, Pearson chi-square test).
A similar, non-significant trend was observed for patients with an ASA triad (20.1% closure rate versus 8.2% in non-ASA patients). The literature is not conclusive concerning
the predictive factors for the outcome of endoscopic sinus surgery. Some authors state
that asthma is a determinant of recurrence after ESS in patients with CRS65-67, where,
whereas others68 do not ASA triad is quite consistently found to adversely affect sinus
surgery outcomes69-72. For allergy, the evidence is also contradictory68,73-76. In series of
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Draf III-patients not all authors assessed risk factors for failure of surgery. Tran et al. found
eosinophilic mucin rhinosinusitis to be the only predictive factor for obstruction of the
neo-ostium and revision surgery57. Furthermore, some studies contained a substantial
amount of patients undergoing Draf III as primary surgery while others contained none.
It is to be expected that a higher amount of primary procedures result in better outcome
measures. Differences in inclusion criteria render comparison of studies difficult.
Frontal sinus obliteration
In our series of 40 patients undergoing frontal sinus obliteration (chapter 3.3) the prevalence rate of asthma, allergy and ASA triad was also high: 30%, 25% and 10%, respectively.
This result is to be expected, since the majority of the patients in this study, like the Draf
III-patients, had failed previous sinus surgery. Although confirming previous result, the
focus of this study was not the rate of revision surgery or the influence of co-morbidity
on the outcome of surgery, but rather the incidence of postoperative mucoceles. We
found this incidence to be 7.5%, which is comparable to the 9.8% described by Weber
et al.77, but notably lower than the prevalence rate observed by other authors (e.g.
23% by Loevner et al.78). The difference in prevalence rates can possibly be explained
by the difference in criteria on which a lesion is labelled as a mucocele on MRI. In the
literature mucoceles are described as expansive well-delineated masses with variable
signal intensity on T1- and T2-weighted MR-images79,80. The signal intensity on T1- and
T2-weighted images is based on the degree of hydration, protein concentration and
viscosity of the content of the mucocele80,81. This variation in appearance on MR-images
can make it difficult to determine whether a lesion is a mucocele or not, especially in the
obliterated frontal sinus. Not all round lesions with the signal intensity of a mucocele are
indeed a mucocele, but can be part of the fat graft or residual frontal cells. The following
can be helpful to keep in mind when interpreting MR-images:
• When the fat graft takes the typical round shape of a mucocele in a location where
a bony concavity was present prior to obliteration, the fat graft can be mistaken for
a mucocele post-operatively82. Comparison of pre- and postoperative CT- and MRIscans can be very informative in these cases.
• An anomaly, which is not attached to a sinus wall, but is fully contained within the inserted fat is very unlikely to be a mucocele, since a fat graft does not contain mucosa.
After frontal sinus obliteration with fat, MRI initially demonstrates a hyperintense
signal on T1-weighted images and hypointense signal on T2-weighted images. The
signal intensity on T1-weighted images decreases gradually as the fat is replaced by
soft tissue81. Because of these changes within the fat graft, rounded ‘lesions’ within
the graft may mimic a mucocele.
• Another structure which can be mistaken for a mucocele is a mucus-filled cavity
bordered by pre-existing (bony) boundaries, such as a cell in the frontal recess. Such
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a finding does not show growth over time. Cells draining into the ethmoid sinus do
not tend to cause symptoms.
Nevertheless, the discussion about what is likely to be a mucocele and what is not is
not yet settled. A multidisciplinary approach with radiologist and otorhinolaryngologist
together is advocated to get a more thorough understanding of the differential diagnosis. Further research will hopefully bring light to this relatively dark area of frontal
sinus surgery. Comparing intraoperative findings of lesions suspected to be a mucocele
with MRI findings would be informative. Unfortunately, it is likely that this will take a
long time, since the revision rate of frontal sinus obliteration is low (7.5% in our series).
Furthermore, performing revision surgery on all patients with suspected mucoceles
on MRI encounters ethical objections, since not all of these patients have bothersome
symptoms.

Suggestions for future research
Acute rhinosinusitis, its complications and the role of antibiotics
Retrospective studies have been performed investigating the incidence of complications of ARS. However, a prospective study on this subject would provide more reliable
information on the complication rate of this common disease. Including all patients with
ARS in the general population would be near impossible, so an alternative would be to
include all patients that visit their GP because of ARS-symptoms. Follow up of this cohort
would then show which patients develop a complication. In contrast to retrospective
studies, such a prospective study would allow researchers to collect more accurate
data on for instance symptoms, medical history and treatment with over the counter
medication as well as doctor prescribed medication such as antibiotics. Because of the
rarity of complications, a very large cohort would be necessary. One could even consider
performing a randomized, placebo controlled trial comparing antibiotics to placebo in
primary care, in an attempt to close the debate on whether antibiotics play a protective role against complications. Again, large groups will be needed. After completing
the retrospective study described in chapter 2.1, the author of this thesis started a
prospective study including patients admitted to a Dutch hospital with a complication
of ARS. All Dutch otorhinolaryngologists were asked to fill in an online questionnaire
when confronted with such a patient. This questionnaire largely consisted of the same
parameters used in chapter 2.1. However, the author hoped to diminish the amount of
missing data by collecting the data in this prospective way. Unfortunately, enrolment
was disappointing, despite repeated encouragements by e-mail and telephone and gift
voucher reward for each questionnaire, so the study was terminated.
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Chronic rhinosinusitis
Many types of headache and facial pain are well described in the literature. The characteristics of facial pain in CRS, however, have only sparsely been the subject of a study. In
the general population and in primary care, facial pain is often attributed to the sinus. In
contrast, some authors debate whether facial pain is a symptom of CRS at all. It would be
interesting to ask patients with the diagnosis of CRS confirmed by an otorhinolaryngologist whether they have facial pain and, if so, to gain information concerning location,
character, intensity etc.
As mentioned before, more research is needed on the ideal duration of medical treatment before proceeding to sinus surgery. In such a study, patients who do not respond
favourably to initial medical treatment could be randomized to either undergo surgery
or continue (more elaborate) medical treatment. Outcome measure would be long-term
symptom scores.
Another interesting question is whether more extensive primary surgery for CRS (for
example performing complete ethmoidectomy instead of solely opening the ethmoid
bulla) results in better symptom reduction and prevents revision surgery. ENT-specialists
in secondary and tertiary care might differ in their perception of results of conservative
sinus surgery. Rhinologists in tertiary care mainly see a select group of patients who did
not benefit from conservative surgery. This could result in the opinion that conservative
surgery is not useful. ENT-surgeons in secondary care, however, do see those patients
who benefit from primary sinus surgery and thus never reach tertiary care. The above
mentioned is based on perspective and individual experience of different groups of
otorhinolaryngologists, but a study could provide objective data on this subject.
Some patients respond more favourably to medical and/or surgical therapy for chronic
rhinosinusitis. If we can distinguish different phenotypes of patients and therefore
predict how patients will respond to different types of treatment, we can offer patients
a more tailor made treatment. Both patients and society will profit, due to diminished
symptoms and diminished health care costs.
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Summary

Chapter 1
In the introduction normal sinus anatomy and physiology are discussed. The epidemiology, definition, diagnosis and management of both acute and chronic rhinosinusitis are
reviewed. ARS in adults is defined by the sudden onset of two or more symptoms, one
of which should be nasal blockage/obstruction/congestion or nasal discharge, ±facial
pain/pressure, ±reduction or loss of smell for less than 12 weeks. In children ARS is
defined as a sudden onset of two or more of the following symptoms in a period during
less than 12 weeks: nasal blockage/obstruction/congestion, discoloured nasal discharge
or cough. ARS is self-limiting in most cases. Therefore, its management consists of symptomatic treatment with nasal decongestants, saline nasal douches and/or painkillers.
For moderate or severe disease intranasal corticosteroids can be prescribed. In case of
severe disease, prescribing oral corticosteroids can be considered. Antibiotic therapy
should be reserved for patients with multiple symptoms of severe disease. Furthermore,
possible complications of ARS are discussed, which can be categorized into orbital,
intracranial or osseous.
CRS is defined as an inflammation of the nose and paranasal sinuses lasting more than
12 weeks and characterized by two or more of the following symptoms: nasal obstruction, nasal discharge, facial pain/pressure and reduction or loss of smell. The presence
of either nasal obstruction and/or nasal discharge is mandatory for the diagnosis. The
diagnosis is completed by abnormalities on nasal endoscopy and/or CT-scan. The treatment of CRS is summarized, including intranasal corticosteroids, nasal saline irrigation,
systemic corticosteroids and antibiotics. Surgical treatment options are also discussed.

Chapter 2
This chapter focuses on acute rhinosinusitis and its complications.

2.1
This chapter describes a retrospective study on the incidence of complications of acute
rhinosinusitis in The Netherlands. Furthermore, the role of antibiotics prescribed in
primary care in preventing complications from developing is discussed. Hospital charts
of patients hospitalized with a complication of ARS in 2004 were reviewed. Fortyseven patients with 48 complications (16 intracranial and 32 orbital) were included. In
the intracranial group (mean age 35.9 years), six patients had been treated with oral
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antibiotics prior to hospitalization. While hospitalized, all patients were treated with
intravenous antibiotics and 15 underwent surgery. Eight patients recovered fully after
treatment, three patients had residual symptoms and three patients died (missing data:
2). Of the 31 patients with orbital complications (mean age 17.4 years), 14 received oral
antibiotics before admission. While hospitalized, all patients were treated with intravenous antibiotics and 13 underwent surgery. Twenty-seven patients recovered fully and
two had residual symptoms (missing data: 2). From these data we calculated that severe
complications of ARS occur in an estimated 1:12 000 paediatric and 1:32 000 adult cases
in the Netherlands. Our study suggests that antibiotic treatment of ARS in general practice does not play a role in preventing complications.

2.2
In this chapter a retrospective chart review of six patients with a Pott’s puffy tumour, a
rare complication of ARS, is described. While this condition is traditionally treated by
external surgery, five of these six patients were treated by endoscopic sinus surgery in
combination with intravenous antibiotics. One patient did not undergo surgery. Three
patients had a concomitant intracranial infection with pus, which was drained by a neurosurgeon via burr holes. Two patients underwent revision surgery. All patients recovered completely and none had any long-term neurological sequelae. The results from
this study suggest that surgical management of Pott’s puffy tumour can be endoscopic.
If present, intracranial pus can be drained through burr holes.

Chapter 3
Chapter 3 illuminates different aspects of the treatment of chronic rhinosinusitis. Both
medical treatment as radical surgical options are discussed.

3.1
In chapter 3.1 a randomized controlled trial investigating the efficacy of fluticasone
delivered by a novel device (called Opt-FP or Optinose) is described. The study consisted
of a single centre, randomized, double-blind, placebo-controlled, parallel group study
in adult subjects (n = 20) with CRS without nasal polyps or only cobblestoned mucosa.
Subjects received fluticasone propionate 400 μg or placebo twice daily for 12 weeks
(n = 10/group). Outcome measures included symptom scores, RSOM-31, CRS VAS, nasendoscopy, peak nasal inspiratory flow and magnetic resonance imaging. Endoscopy
score for edema showed a highly significant and progressive improvement (12 weeks
(median scores): Opt-FP -4.0, PBO -1.0, p = 0.015). PNIF increased significantly during
Opt-FP treatment compared to placebo (4 weeks: p = 0.006; 8 weeks: p = 0.03). After 12
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weeks MRI scores in the Opt-FP group improved against baseline (p = 0.039) and a nonsignificant trend was seen versus placebo. The nasal RSOM-31 subscale was significantly
improved with Opt-FP treatment (4 weeks: p = 0.009, 8 weeks: p = 0.016, 12 weeks: NS).
Sense of smell, nasal discomfort and combined score were all significantly improved
(p < 0.05). The Opt-FP was well tolerated. This pilot study suggests that the OptiNose
breath-actuated bi-directional delivery device administering fluticasone propionate
(400 μg b.i.d.) is an effective and well-tolerated treatment for recalcitrant CRS.

3.2
Chapter 3.2 describes that long-term results of Draf type III (modified endoscopic
Lothrop) frontal sinus drainage procedure in 122 consecutive patients. Patient data
were retrospectively analysed. Indications for surgery included chronic frontal rhinosinusitis (71%), frontal sinus mucocele (15%), benign frontal sinus tumours (9%) and
cystic fibrosis with severe CRS (5%). Average follow up was 33 months (range: 6 to 90
months). Outcome measures consisted of symptom burden (Visual Analogue Scale and
Rhinosinusitis Outcome Measure), patency of neo-ostium and revision surgery. At the
end of follow up, ninety per cent of patients had a patent neo-ostium, while 88% were
either clinically better or completely asymptomatic. Thirty-nine patients required endoscopic revision surgery (including out-patient procedures under local anaesthesia) and
9 eventually underwent frontal sinus obliteration. Sixty per cent of revision operations
were performed during the first two years. RSOM showed a significant improvement in
both general and nasal symptoms and on a VAS headache improved significantly. The
only factor weakly associated with re-stenosis was the presence of allergy. There were
no major complications during any of the procedures. From these data we concluded
that Draf III procedure is safe and effective for patients who have failed conventional
frontal sinus procedures and is a valid alternative to frontal sinus obliteration. Although
the revision rate may appear to be quite significant, it can often be performed as an
outpatient procedure and the revision rate needs to be balanced against the reduced
morbidity and the ease of follow-up.

3.3
In the last part of chapter 3 we describe a retrospective case review evaluating the
results of frontal sinus obliteration and the development of postoperative mucoceles.
Forty consecutive patients undergoing frontal sinus obliteration from September
1995 to February 2012 for chronic rhinosinusitis (26), frontal mucocele (12) or frontal
osteoma (2) with an average follow up of 80 months (range 15-218) were included. MRI
of the paranasal sinuses was performed in all. Outcome measures included MRI signs
of mucocele formation in the obliterated frontal sinus, revision surgery and symptom
burden. Magnetic resonance imaging showed potential postoperative frontal sinus
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mucoceles in 6/40 patients. In 3 patients (7.5%) a revision operation was performed,
revealing mucoceles in two cases. A wait and scan-policy in the other 3 patients confirmed the presence of a mucocele in 1 of these patients. The majority of patients (33/40,
83%) was asymptomatic at the last follow up. From these data we concluded that the
prevalence of mucoceles and revision rate were 7.5% (3/40), that MRI is well suited to
detect mucoceles during follow-up of patients after FSO and that the application of
well-defined radiological criteria and a multidisciplinary approach with radiologists and
otorhinolaryngologists together can reduce unnecessary revision surgery.

Chapter 4
In the final chapter the results of this thesis are discussed in general, as well as suggestions for future research.
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Samenvatting

Hoofdstuk 1
In de introductie wordt de normale anatomie en fysiologie van de paranasale sinus
beschreven. Epidemiologie, definitie , diagnose en behandeling van zowel acute als
chronische rhinosinusitis worden tevens besproken. ARS wordt in volwassenen gedefinieerd als een plotseling optreden van twee of meer van de volgende symptomen
gedurende minder dan 12 weken: in ieder geval neusobstructie/-congestie of rhinorroe,
±aangezichtspijn of –druk, ±verminderde of afwezige reuk. Bij kinderen luidt de definitie van ARS als volgt: twee of meer van de volgende symptomen gedurende minder
dan 12 weken: neusobstructie/-congestie, gekleurde nasale afscheiding of hoesten. In
de meeste gevallen geneest ARS vanzelf. Behandeling is derhalve bij milde symptomen
symptomatisch met nasale decongestiva, zoutwater neusspoelingen en/of pijnstillers.
Bij matige of ernstige ziekte kunnen intranasale corticosteroïden voorgeschreven
worden. In het geval van ernstige symptomen kunnen tevens orale corticosteroïden
worden overwogen. Antibiotica dienen alleen overwogen te worden in het geval van
multipele symptomen van ernstige ziekte. In dit hoofdstuk worden tevens de mogelijke
complicaties van ARS beschreven, welke onderverdeeld kunnen worden in orbitaal,
intracranieel en benig.
CRS is gedefinieerd als een inflammatie van de neus en paranasale sinus welke langer
duurt dan 12 weken en wordt gekarakteriseerd door twee of meer van de volgende
symptomen: neusobstructie, rhinorroe, aangezichtspijn/-druk of verminderde of afwezige reuk. Voor de diagnose moet tenminste 1 van de symptomen neusobstructie
of rhinorroe zijn. De diagnose wordt gecompleteerd door afwijkingen gezien bij
nasendoscopie of op CT-scan. De behandeling van CRS wordt beschreven: intranasale
corticosteroïden, zoutwater neusspoelen, systemische corticosteroïden en antibiotica,
evenals chirurgische opties.

Hoofdstuk 2
Dit hoofdstuk is gericht op acute rhinosinusitis en diens complicaties.

2.1
In dit hoofdstuk wordt een retrospectieve studie naar de incidentie van complicaties van
ARS in Nederland beschreven. Verder wordt de rol van antibiotica in het voorkomen van
complicaties besproken. Van patiënten opgenomen wegens een complicatie van ARS in
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een Nederlands ziekenhuis in 2004 werd de status bestudeerd. Er werden 47 patiënten
met 48 complicaties (16 intracranieel, 32 orbitaal) geïncludeerd. In de intracraniële
groep (gemiddelde leeftijd 35.9 jaar) waren 6 patiënten voor opname behandeld met
orale antibiotica. Tijdens de opname werden alle patiënten behandeld met intraveneuze
antibiotica en 15 patiënten werden geopereerd. Acht patiënten herstelden volledig, drie
hadden restverschijnselen en drie patiënten overleden (van 2 patiënten missen data).
Van de 31 patiënten met een orbitale complicatie (gemiddelde leeftijd 17.4 jaar) waren
14 voor opname behandeld met orale antibiotica. Gedurende de opname werden alle
patiënten behandeld met intraveneuze antibiotica en ondergingen 13 een operatie.
Zevenentwintig patiënten herstelden volledig, 2 hadden restverschijnselen (van 2
patiënten missen data). Aan de hand van deze data hebben we berekend dat ernstige
complicaties van ARS in Nederland voorkomen in naar schatting 1 op de 12.000 kinderen en 1 op de 32.000 volwassenen met ARS. Orale antibiotica voorgeschreven in de
huisartsenpraktijk lijken geen bescherming te bieden tegen het ontwikkelen van een
dergelijke complicatie.

2.2
In dit hoofdstuk wordt een retrospectief statusonderzoek beschreven van zes patiënten
met een Pott’s puffy tumor, een zeldzame complicatie van ARS. Deze aandoening wordt
traditioneel behandeld door externe sinuschirurgie, maar 5 van deze 6 patiënten ondergingen endonasale sinuschirurgie naast intraveneuze antibiotische therapie. Een patiënt werd niet operatief behandeld. Bij drie patiënten was sprake van intracranieel pus,
hetgeen werd gedraineerd via boorgaten. Bij twee patiënten was revisiechirurgie nodig.
Alle patiënten herstelden volledig zonder neurologische restverschijnselen op lange
termijn. De resultaten van deze studie suggereren dat Pott’s puffy tumor behandeld kan
worden met endonasale chirurgie in plaats van externe. Eventuele intracraniële pus kan
middels boorgaten worden gedraineerd.

Hoofdstuk 3
Hoofdstuk 3 belicht verschillende aspecten van de behandeling van chronische rhinosinusitis, zowel medicamenteus als chirurgisch.

3.1
In dit hoofdstuk wordt een gerandomiseerde, dubbelblinde, placebo-gecontroleerde
studie beschreven naar de effectiviteit van fluticason afgegeven door een nieuw apparaatje (Opt-FP of Optinose) hetgeen met de mond geactiveerd wordt en een nasale
luchtstroom in 2 richtingen bewerkstelligt. Volwassen patiënten (n=20) met CRSsNP of
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slecht cobblestone mucosa werden geïncludeerd. De proefpersonen ontvingen 2 keer
daags 400 μg fluticason of placebo gedurende 12 weken (n=10/groep). Uitkomstparameters omvatten symptoomscores, RSOM-31, CRS VAS, nasendoscopie, PNIF en MRI. De
endoscopie-score voor oedeem verbeterde significant, evenals PNIF. Na 12 weken was
de MRI-score in de Opt-FP-groep verbeterd ten opzichte van de start van de studie. Een
statistisch niet-significante trend werd gezien ten opzichte van de placebogroep. De nasale RSOM-31 score was significant verbeterd in de Opt-FP groep na 4 en 8 weken, maar
na 12 weken werd geen significant verschil gemeten. Reukvermogen, nasaal ongemak
en de gecombineerde score waren allen significant verbeterd. De Opt-FP werd goed
verdragen. Deze pilotstudie suggereert dat behandeling met fluticason toegediend
middels het Optinose-apparaat een effectieve en goed getolereerde behandeling is
voor recalcitrante CRS.

3.2
In hoofdstuk 3.2 worden de lange termijn-resultaten van de sinus frontalis operatie Draf
type III (gemodificeerde endoscopische Lothrop) beschreven in 122 patiënten. Patiëntgegevens werden retrospectief geanalyseerd. Indicaties voor operatie waren chronische
frontale rhinosinusitis (71%), mucocele in de sinus frontalis (15%), benigne tumoren in
de sinus frontalis (9%) en cystische fibrose met ernstige CRS (5%). Gemiddelde vervolgperiode was 33 maanden (minimaal 6 tot maximaal 90 maanden). Uitkomstparameters
waren symptoomlast (Visuele Analoge Schaal en RSOM-31), doorgankelijkheid van het
neo-ostium en revisiechirurgie. Aan het einde van de controleperiode had 90% van
de patiënten een patent neo-ostium en was bij 88% sprake van klinische verbetering
of volledige resolutie van symptomen . Bij 39 patiënten werd revisiechirurgie verricht
(inclusief poliklinische ingrepen onder lokale anesthesie) en 9 patiënten ondergingen
een sinus frontalis obliteratie. Zestig procent van de revisiechirurgie werd verricht in de
eerste twee postoperatieve jaren. RSOM toonde een significante verbetering van zowel
algemene als nasale symptomen en op de VAS verbeterde de hoofdpijn significant. De
enige factor die zwak gerelateerd was aan stenosering van het neo-ostium was allergie.
Er deden zich geen ernstige complicaties voor. Naar aanleiding van bovenstaande
resultaten hebben we geconcludeerd dat de Draf III-procedure veilig en effectief is voor
patiënten waarbij meer conservatieve sinus frontalisoperaties onvoldoende verbetering
hebben gebracht en een goed alternatief voor sinus frontalis obliteratie. Het aantal patiënten dat een revisie-ingreep moet ondergaan lijkt hoog, maar een dergelijke ingreep
kan vaak poliklinisch worden uitgevoerd en het risico op revisie moet worden afgewogen tegen de verminderde morbiditeit en het gemak van endoscopische controle.
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3.3
In het laatste deel van hoofdstuk 3 wordt een retrospectieve studie beschreven waarin
de resultaten van sinus frontalis obliteratie en de incidentie van postoperatieve mucoceles wordt bestudeerd. Veertig patiënten werden geïncludeerd bij wie een sinus frontalis obliteratie is verricht tussen september 1995 en februari 2012 wegens chronische
rhinosinusitis (26), frontale mucocele (12) of frontaal osteoom (2) met een gemiddelde
vervolgperiode van 80 maanden (minimaal 15 tot maximaal 218 maanden). Van alle
patiënten werden postoperatief MRI-scans gemaakt. Uitkomstparameters waren mucocelevorming in de geoblitereerde sinus op MRI, revisiechirurgie en symptomen. Op MRI
werden bij 6 van de 40 patiënten een mogelijke mucocele in de geoblitereerde sinus
frontalis gezien. Drie patiënten (7,5%) ondergingen een revisieoperatie, waarbij in 2
gevallen een mucocele werd gevonden. Bij de andere 3 patiënten werd een wait-andscan-beleid gevolgd, waarbij uiteindelijk bij 1 van deze patiënten een mucocele werd
bevestigd. De meerderheid van patiënten (33/40, 83%) was klachtenvrij aan het einde
van de vervolgperiode. Aan de hand van bovenstaande data werd de prevalentie van
postoperatieve mucoceles geschat op 7,5% (3/40), evenals het aantal revisies. De MRIscan is een gepaste modaliteit om mucoceles te detecteren na sinus frontalis obliteratie.
Het gebruik van goed geformuleerde radiologische criteria voor mucoceles en een
multidisciplinaire benadering door radiologen en KNO-artsen samen kunnen onnodige
revisieoperaties voorkomen.

Hoofdstuk 4
In het laatste hoofdstuk van dit proefschrift worden de resultaten samengevat en in
een bredere context geplaatst. Tevens worden suggesties voor toekomstig onderzoek
beschreven.
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Abbreviations
ABRS		
AP		
ARS		
ASA		
CF		
CT		
CRP		
CRS		
CRSsNP		
CRSwNP		
EMLP		
ENT		
EPOS		
ESR		
(F)ESS		
FP		
FSO		
GP		
ITT		
LMR		
LR		
MCA		
MRI		
NP		
NS		
OMC		
Opt-FP		
OR		
PBO		
PNIF		
PPT		
RSOM-31
SNOT-22		
VAS		

acute bacterial rhinosinusitis
anteroposterior distance
acute rhinosinusitis
acetyl salicylic acid
cystic fibrosis
computed tomography
C-reactive protein
chronic rhinosinusitis
chronic rhinosinusitis without nasal polyps
chronic rhinosinusitis with nasal polyps
Endoscopic modified Lothrop procedure
ear nose throat
european position paper on rhinosinusitis and nasal polyps
erythrocyte sedimentation rate
(functional) endoscopic sinus surgery
fluticason propionate
frontal sinus obliteration
general practitioner
intention to treat
landelijke medische registratie
lateral diameter
minimum cross-sectional area
magnetic resonance imaging
nasal polyps
not significant
ostiomeatal complex
OptiNose device containing fluticasone propionate
odds ratio
placebo
peak nasal inspiratory flow
Pott’s puffy tumor
rhinosinusitis outcome measure-31
sinonasal outcome test 22
visual analogue scale
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