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Abstract The objective of this paper is to study the
correlation between sinonasal involvement and type of cys-
tic Wbrosis (CF) in Israeli’s CF patients. The comparative
study includes 70 CF patients: 40 typical and 30 atypical
CF patients. History and physical examination data were
recorded, including endoscopic nasal examination as well
as sinus computer tomography scan. The data collected
from the two groups were statistically analyzed. Twenty-
seven percent of atypical CF patients compared with 2.5%
of typical CF patients had CF presenting symptoms of
chronic rhinosinusitis (CRS) or obstructive nasal polyps
(p < 0.001). Although severe CRS was found slightly more
often in patient with atypical CF (43 vs. 32.5%), this diVer-
ence did not reach statistical signiWcance. Nine patients
with severe CRS underwent endoscopic sinus surgery.
Among these patients, six (66.6%) had atypical CF and
only three (33.3%) had typical CF (p = 0.09). In conclu-
sion, severe CRS is a common diagnosis among patients
with typical and atypical CF disease. In the current study,
no signiWcant diVerence in the frequency of CRS was found
between the two groups. High awareness toward the diag-
nosis of atypical CF, careful medical history focusing on

sinonasal involvement and physical examination, including
nasal endoscopy, for all CF patients (typical and atypical
CF) may contribute to an early detection and treatment of
signiWcant sinonasal involvement, and may improve the
quality of life of the patients.
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Introduction

Cystic Wbrosis (CF) is the most prevalent autosomal reces-
sive lethal disorder among Caucasians. The disease results
from mutations to the cystic Wbrosis trans-membrane regu-
lator (CFTR) gene, which is localized to the long arm of
chromosome 7.

This gene encodes a protein, which acts as a chloride
channel on the apical surface of exocrine gland epithelial
cells [1].

Mutations of the CFTR gene interfere with the production
of that channel and therefore cause a decline in chloride
secretion and indirectly, a rise in sodium and water absorp-
tion. This electrolyte alternation leads to production of vis-
cous secretions, which cause obstruction, inXammation, and
dysfunction of the involved organs (lungs, sinuses, pancreas,
liver, colon, vas deferens, and sweat glands).

Since 1989, when CFTR gene was cloned, more than
1,000 new mutations were found. These mutations can be
grouped into severe or mild [2, 3]. Severe mutations cause
complete loss of CFTR activity, while mild mutations
cause moderate loss.

The clinical presentation of CF is multifactorial that is
depending on the molecular genotype of the CFTR muta-
tions, environmental factors and modiWers genes [2–4].
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There are two types of CF: typical CF and atypical CF.
Nearly 90% of the patients have typical CF. Typical CF

patients carry two severe mutations, mostly diagnosed
around birth or during early life. They tend to develop
chronic obstructive sinopulmonary diseases, exocrine pan-
creatic insuYciency, abnormal concentration of sweat elec-
trolytes, and the absence of the vas deferens in males.

Atypical CF patients carry at least one mild mutation,
allowing for a partial CFTR activity. Most patients have
borderline or normal sweat test results and normal pancre-
atic function. Most of these patients will be diagnosed late
in childhood or as adults with atypical clinical presentation
such as chronic rhinosinusitis (CRS), obstructive nasal pol-
yps (NP), recurrent pancreatitis or male infertility [3, 5–8].

Chronic inXammation of sinuses and nasal mucosa is
found in 74–100% of patients suVering from CF, whereas
NP is found in 6–44% of patients [9].

Babinski et al. examined the correlation between cyto-
logical examination of nasal mucosa and phenotype of CF.
Rhinosinusitis (RS) was found in most (92.9%) patients.
71.5% of those CF patients had infectious chronic non-spe-
ciWc rhinosinusitis. Acute infectious rhinosinusitis, chronic
allergic rhinosinusitis and non-allergic rhinosinusitis with
eosinophilia were also diagnosed. In patients with a typical
form, more frequent occurrence of NP was noted than in
patients with an atypical form, where allergic rhinosinusitis
and non-allergic rhinosinusitis with eosinophilia were
found more frequently [9].

Clinical sinonasal involvement, as initial feature of dis-
ease, exists in 2% of the CF patients [10].

According to Gysin et al., although most patients with
CF have pathological sinonasal involvement, only 10% of
them complain about sinonasal symptoms. They suggested
that many patients related their symptoms to lung involve-
ment or got use to them throughout the years [11].

Several studies have tried to Wnd correlation between
sinonasal involvement and CF genotype [1, 9–13]. To our
knowledge, none of them examined the correlation between
the CF type (typical vs. atypical) and clinical sinonasal
involvement. In the current study, we compared clinical
sinonasal involvement among CF patients with typical ver-
sus atypical CF.

Subjects and methods

Subjects

The study population included CF patients treated at two
CF clinics in Haifa, Israel. Inclusion criteria included con-
Wrmed diagnosis of CF according to the US diagnostic
criteria [7] and age over 4 years.

Typical CF patients included patients who had chronic
sinopulmonary obstructive disease, lipid malabsorption and
clinical involvement of other target organs, since birth or
early life. They had two pathological sweat test scores
(>60 mmol/l) on diVerent occasions or two severe CFTR
mutations.

Atypical CF patients included patients who developed
chronic inXammations in few of the target organs but had
normal pancreatic function. They were diagnosed relatively
late in life, with normal or borderline sweat test score, path-
ological nasal potential diVerence (NPD) test or had two
CFTR mutations, which at least one of them was mild.

The otolaryngologists who performed the physical
examination and nasal endoscopy were blinded to the type
of CF.

Methods

Patients who met the inclusion criteria were interviewed
and examined with respect to their sinonasal condition.
Nasal examination included anterior rhinoscopy and rigid
nasal endoscopy (4 mm, 0° or 30°) under local anesthesia.
The presence of mucosal inXammation, purulent discharge
and NP was reviewed.

The deWnition of CRS was based on the American Acad-
emy of Otolaryngology Head and Neck Surgery (AAOHNS)
criteria, and other studies [11–16].

After patients were interviewed and examined, CRS
severity was evaluated by ENT specialist (U.N.) as follows.

Patients were classiWed as having severe CRS if they had
severe sinonasal symptoms and signs justifying sinus sur-
gery, mild–moderate CRS if they had sinonasal symptoms
and signs consistent with CRS, but not severe enough to
recommend surgery and patients without sinusitis. Since
most of the study population included children, only
patients who were classiWed as having severe CRS and who
were recommended for sinus surgery underwent computer
tomography (CT) of the sinuses. CT scans were given a
score according to the Lund MacKay classiWcation [15],
again by the same ENT specialist (U.N.).

Patients that were diagnosed with severe CRS before the
CT reassessed accordingly to their Lund MacKay score as
having severe CRS, mild to moderate CRS or not having
CRS at all.

Statistical analysis

The study design is the comparative study of typical and
atypical CF patients.

Correlations between non-parametric variables were
examined by �2 test or by Fisher exact test for categories
with small samples of patients.
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In order to isolate the family genetic component from the
genotype disease variables (CFTR mutations and type of
disease), only the oldest CF patients, from families who had
siblings with CF disease, were included in the statistical
analysis which examined those correlations.

Results

One hundred and seven CF patients were evaluated.
Twenty-three patients were excluded from the study: 13
were younger than 4 years, 4 had severe CF disease which
prevented them from being examined as outpatients and 6
refused nasal endoscopic examination. Twenty-two out of
the 23 patients (95.6%) who were excluded had typical CF
and only one patient had atypical CF disease.

Eighty-four patients from 70 diVerent families, who
were examined between the years 2002 and 2004, were
included in the study.

Twenty-eight patients with severe sinonasal symptoms
and signs underwent a sinus CT. By virtue of the CT scan,
26 were considered as having severe CRS and 2 patients,
with atypical CF, were reconsidered as having mild–moder-
ate CRS.

Seventy CF patients, the oldest from each family, were
divided into two groups: 40 had typical CF and 30 had
atypical CF. Nine siblings with typical CF and 5 with atyp-
ical CF were excluded from the statistical analysis.

The comparison between the two groups is summarized
in Tables 1, 2, and 3.

Table 1 shows no statistically signiWcant (NS) diVer-
ences in male to female ratio, average age and FEV1,
between the two groups. Nevertheless, typical patients were

diagnosed earlier relative to atypical CF patients and more
typical than atypical CF patients were treated with prophy-
lactic antibiotics (p < 0.001).

Comparison of typical and atypical CF to CRS severity,
as demonstrated in Table 2, did not reach statistical signiW-
cance.

CF presenting symptoms related to asthma or sinonasal
involvement were signiWcantly more common in atypical
CF patients than in typical CF patients (Table 3).

During the study, 9 out of 26 patients with severe CRS
had sinus surgery. Among those patients, six (66.7%) had
atypical CF and only three (33.3%) had typical CF
(p = 0.09). The rest of the CRS patients had a history of
sinus surgery. Seven of them (41.2%) had atypical CF and
ten (58.8%) had typical CF (NS).

The prevalence of the CFTR mutations is depicted in
Fig. 1.

delF508/delF508, delF508/W1282X, W1282X/W1282X
and N1303K/N1303K were the most frequent mutations
combinations in the study. No signiWcant correlation was
found between sinonasal involvement and the above muta-
tions (Tables 4, 5).

Discussion

The aim of our study was to compare clinical sinonasal
involvement with CF type of disease. In order to reach this

Table 1 Clinical features of CF patients (typical vs. atypical)

NS non-signiWcant (p > 0.05), SD standard deviation, time to diagnosis
time since beginning of CF-related symptoms to CF diagnosis

Typical CF 
(n = 40)

Atypical CF 
(n = 30)

p value

Male/female 21/19 19/11 NS

Age (years) [average
(mean § SD)]

16 § 8.85 18.5 § 9.15 NS

Median 13 15.5 NS

Range (max, min) 4, 40 5, 42 NS

Average time to 
diagnosis (years)

9.4 1.8 <0.001

Average FEV1 
(% predicted)
(mean § SD)

75 § 20.1 81.9 § 20.3 NS

Oral antibiotic 
prophylactic (%)

60 20 <0.001

Inhaled antibiotic 
prophylactic (%)

85 13.33 <0.001

Table 2 Chronic rhinosinusitis (CRS) and nasal polyps (NP) among
typical and atypical CF patients

NS non-signiWcant (p > 0.05)

Typical CF 
(n = 40)

Atypical CF
(n = 30)

p value

NP (%) 42 33 NS

No clinical CRS (%) 42.5 43.33 NS

Mild–moderate CRS (%) 25 13.33 NS

Severe CRS (%) 32.5 43.33 NS

Table 3 Presenting symptoms of CF (typical vs. atypical)

FTT failure to thrive, CRS chronic rhinosinusitis

Typical CF 
(n = 40)

Atypical CF
(n = 30)

p value

Meconium ileus 12 (30%) 0 <0.001

Fat malabsorption 8 (20%) 0 <0.001

FTT 23 (57.5%) 9 (30%) <0.05

Recurrent pneumonias 18 (45%) 19 (63.33%) >0.05

Asthma 5 (12.5%) 15 (50%) <0.001

CRS 1 (2.5%) 8 (26.66%) <0.001
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aim, we excluded patients that were not Wtted to the study
design.

Most of the patients that were excluded had typical CF
(95.6%) including patients under the age of 4 years old
(56.5%), patients who had refused nasal endoscopic exami-
nation and patients excluded for other reasons. Further-
more, for statistical reasons, only the oldest CF patients,
from families who had siblings with CF disease, were
included. 64% of the patients that were excluded due to this
reason had also typical CF.

As a consequence, our study population which included
two CF groups (typical and atypical) had some diVerent
demographic characteristics compared to those reported in
the literature [3, 5–8], such as high average age and a low
relative proportion of the typical CF group (60%).

It is well known that patients with typical CF have a high
incidence of CRS. CFTR dysfunction leads to the creation of
mucus with 30–60 times higher viscosity than in non-CF
patients. The viscous mucus accumulates and Wnely impedes
the sinuses’ ostia. As a consequence, low levels of O2 and
high levels of CO2 concentrations are created in the sinuses’
cavities causing mucus edema, secondary ciliary dyskinesis,
and Wnally bacterial overgrowth and CRS [11, 17].

One can assume that patients with typical CF, without
CFTR activity, should have worse pathological and clinical
sinonasal involvement, compared to patients with atypical
CF, who have partial CFTR activity.

Surprisingly, in our study, severe CRS was found
slightly more often in patient with atypical CF (43 vs.
32.5%), but it did not reach statistically signiWcance, and
also there was a trend toward more atypical CF patients
indicated for sinus surgery (6 vs. 3, p = 0.09).

Babinski et al. [9] who studied 126 CF patients also
found almost equal frequency of CRS and acute rhinosinus-
itis among typical and atypical CF patients.

McShane et al. found a normal nasal mucociliary clear-
ance (MCC) in CF children and impaired MCC in CF
adults with CRS. They claim that the viscous mucus might
serve as a triggering event, but local inXammation is the
main process leading to MCC dysfunction [18].

Gysin et al. [11] described that most patients with typical
CF have pathological sinonasal involvement, but only few
of them complain about it. They are diagnosed early in their
life and most of them are treated with prophylactic antibi-
otic for their lung disease. Many patients relate their sino-
nasal symptoms to their lung involvement.

On the other hand, atypical CF patients usually have a
milder CF disease, are diagnosed relatively late and some
of them have sinonasal-related presenting symptoms.

In our study, 85% of typical CF patients versus 13.33%
of atypical CF group were treated with prophylactic antibi-
otic by inhalation, and 60% compared to 20% were treated
with oral prophylactic antibiotic, respectively (both
p < 0.001). Also typical CF patients were diagnosed earlier
than atypical CF patients (p < 0.001).

Gysin et al. argued that CF patients usually develop RS
and pulmonary exacerbation during the same time period.
Furthermore, the extended antibiotic treatment given during

Fig. 1 Prevalence of CFTR mutations. Prevalence of mutations that
are not mentioned in the above chart: 2183 AA>G, 1%; 1677 delTA,
1%; delT4010, 1%; 1717-1 G-A, 1%; Q359K/T360K, 1%. 51% of all
patients were Muslims, 24.4% were Asgjebazi Jews, 20.2% were non-
Ashkenazi Jews from diVerent communities, and 4.4% were Druses

Table 4 CRS severity in rela-
tion to CFTR mutations

No CRS Mild–moderate CRS Severe CRS p value

delF508 (N = 13)/delF508 7 (53.8%) 2 (15.3%) 4 (30.7%) NS

delF508 (N = 5)/W1282X 3 (60%) 1 (20%) 1 (20%) NS

W1282X (N = 3)/W1282X 1 (33.3%) 0 2 (66.6%) NS

N1303K (N = 4)/N1303K 1 (25%) 1 (25%) 2 (50%) NS
NS non-signiWcant (p > 0.05), 
CRS chronic rhinosinusitis

Table 5 CFTR mutations and the presence of nasal polyps (NP)

NS non-signiWcant (p > 0.05)

NP (+) NP (¡) p value

delF508 (N = 13)/delF508 4 (31%) 9 (69%) NS

delF508 (N = 5)/W1282X 3 (60%) 2 (40%) NS

W1282X (N = 3)/W1282X 1 (33.3%) 2 (66.6%) NS

N1303K (N = 4)/N1303K 2 (50%) 2 (50%) NS
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the exacerbation contributed to the low rates of RS compli-
cations [11].

Therefore, we assume that the frequent use of antibiotics
in patients with typical (vs. atypical) CF starting in early
childhood, especially during episodes of pneumonia, may
have contributed to the relatively low prevalence of severe
CRS in this group.

Wang et al. [19] described a high frequency of a single
CFTR mutation among white adult patients with CRS.
Raman et al. [20] demonstrated an increase in prevalence of
CFTR mutations among children with CRS. Coste et al.
found a high prevalence of at least one CFTR mutation
(38%) among patients with atypical CRS. They concluded
that CFTR mutations predispose to CRS among children
and adults and that mutation in the CFTR gene may play a
role in the pathogenesis of CRS, in the absence of a frank
CF [21].

These studies neither include NPD test as part of the
diagnosis of CF nor did they consider borderline sweat test
score to be pathological. Therefore, some of the patients
with CRS who carried CFTR mutation may have had atypi-
cal CF.

Finally, many studies attempted to Wnd a correlation
between the sinonasal involvement and speciWc mutations
in the CFTR gene. Kingdom et al. [22] found a relatively
high prevalence of delF508/delF508 and delF508/G551D
mutations among CF patient who were operated due to
symptomatic NPD. Jorissen et al. [23] found a signiWcant
correlation between delF508/delF508 mutations and the
existence of NPD. Our study as well many others did not
Wnd a signiWcant correlation between CFTR mutations and
sinonasal involvement [1, 24, 25].

Conclusion

Severe CRS is a common diagnosis among patients with
typical and atypical CF disease. Although severe CRS was
found slightly more often in patient with atypical CF, this
diVerence did not reach statistical signiWcance.

The relative prevalence of atypical CF is increasing due
to increased awareness of wide spectrum CF phenotypes,
genetic studies and NPD measurements [7, 26–29].

The European consensus standard of care for CF patients
recommends strong working relations of CF centers with
ENT specialists regarding the management of severe sino-
nasal disease [30].

Typical CF patients are diagnosed earlier, treated with
prophylactic antibiotic and may in general gain a better sin-
onasal treatment compared to atypical CF patients.

High awareness toward the diagnosis of atypical CF,
careful medical history focusing on sinonasal involvement
and physical examination, including nasal endoscopy, for

all CF patients (typical and atypical CF) may contribute to
an early detection and treatment of signiWcant sinonasal
involvement, and may improve the quality of life of the
patients.
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