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SUMMARY Background: There is significant debate on the influence of inflammatory mucosal disease on
paranasal sinus pneumatization (PSP) and temporal bone pneumatization (TBP) in cystic
fibrosis patients (CF). It is often assumed that mucosal disease of the paranasal sinuses will
negatively influence development and pneumotization of the paranasal sinuses and temporal
bone system.

Methods: A case-control study of TBP and PSP in CF, chronic rhinosinusitis (CRS) and
healthy control patients from a tertiary rhinology clinic. TBP and PSP were assessed by com-
puted tomography (CT) using a previously validated scale. Genotype data for patients with CF
was determined.

Results: In total, 186 temporal bones and paranasal sinuses from 93 adult patients were
assessed through evaluation of CT scans. Tha patients had a mean age of 43.4 = 14.9 yrs. The
interobserver correlation for TB scoring was 0.86. TBP did not differ between CF, CRS and con-
trols (x2 =6.93, p = 0.38). PSP was less in the CF group (xz =34.2, p <0.001) than the CRS
and control groups. CRS and controls did not differ in PSP. 51.6% of CF patients were homozy-
gous for AF508 and 16.1% were heterozygous. The AF508 status correlated with poorer SP (x2 =
34.2, p <0.001), but greater TBP (XZ =149, p=10.002).

Conclusions: PSP is impaired in CF and AF508 homozygosity is related to poor PSP. TBP is
well preserved in the CF population and AF508 homozygosity correlates with greater TBP, with
the underlying mechanisms being unclear. Genotype might play a role in skull base pneumati-
zation.
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INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessive disease W affect- More than 1500 mutations have been associated with CF to

ing more than 30,000 individuals in the United States and most
commonly affecting the Caucasian population (1 in 3200 live
births)(z). It is caused by defects in the gene found on chromo-
some 7 that encodes the cystic fibrosis transmembrane con-
ductance regulator (CFTR) protein, a protein responsible for
transport of chloride and other electrolytes across the cell
membranes of epithelial cells. Defects in this protein results in
the production of abnormally thick mucus by exocrine glands,
with complications affecting many organs including the lungs,
bile ducts, pancreas, paranasal sinuses, intestines, and male
reproductive tracts @3
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date . The most common mutation, AF508, accounts for
approximately 66% of the CFTR mutations ®_ This mutation
results from the deletion of three base pairs encoding for a
phenylalanine at the 508 position in the protein, with resultant
misfolding of the protein. The improper folding of the proteins
results in defective trafficking: the protein is not transported to
the membrane and is subsequently degraded ®

Paranasal sinus disease in CF patients is well described, likely

resulting from a combination of impaired mucociliary clear-
ance, increased viscosity of the mucus with stasis, promotion
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of goblet cell hyperplasia secondary to chronic inflammation
with a decrease in ciliated cells, and local bacterial superinfec-
tions ¥, Tt has also been widely noted that paranasal sinus
pneumatization (PSP) is also decreased in patients with CF in
comparison to patients with other forms of chronic rhinosi-
nusitis (CRS) and the general population ® Additionally, in a
recent study by Woodworth et al., the association between CF,
CRS, and hypoplastic paranasal sinuses was further explored,
highlighting the relationship with AF508 status and hypoplastic
paranasal sinuses. They concluded that homozygotes for the
AF508 mutation had underdeveloped or abnormal paranasal
sinuses in comparison to those patients with other CFTR
mutations ®. It is still unknown whether this result is an
acquired characteristic secondary to an increased frequency of
sinus infections and mucosal inflammation, or an intrinsic phe-
notypic expression of the AF508 mutation on bone develop-
ment.

Considering the increased prevalence of paranasal sinus dis-
ease, decreased mucociliary clearance in CF and known risk
factors for middle ear disease, it would be reasonable to
assume that patients with CF would also exhibit an increased
incidence of middle ear disease and decreased temporal bone
pneumatization (TBP). In fact, the opposite has been found to
be true, with an incidence of otitis media in patients with CF
no greater than the general population S Additionally,
unlike the underdeveloped paranasal sinuses seen in patients
with CF, we have observed well-developed lateral skull base
pneumatization (Figure 1). Todd et al. showed that the tempo-
ral bones of CF patients have larger than average pneumatiza-

-

Figure 1. Axial CT scan with hypoplastic maxillary sinuses and exten-
sive temporal bone pneumatization posterior to the sigmoid ins a
patient with hypoplastic maxillary sinusis.
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Table 1. Demographics of cystic fibrosis patients, chronic
rhinosinusitis patients, and control patients.

Cystic Chronic Control Total
Fibrosis Rhinosinustis

Total 31 31 31 93
number
Mean 33.97+7.74 48.24+16.6  47.19+14.58 43.43+14.9
Age
Minimum 22.92 1543 17.29 1543
age

tion "?. The reason for these findings, however, has yet to be
determined. Arguments, given by Todd et al., suggest that
chronic otitis media inhibits the growth of the mastoid air cells
and that higher rates of antibiotic use in CF diminishes the
potential effect of otitis media in CF. CF might also genetically
predispose to greater aecration of the mastoid air cells or
enhanced eustachian tube function thus resulting in larger
than expected TBP 12 More recent reports have found that
mastoid air cells are actually involved in gas exchange and
pressure maintenance of the middle ear, serving as a protective

mechanism against otitis media (319,

The objectives of the present study were to compare paranasal
sinus pneumatization and temporal bone pneumatization in
cystic fibrosis, chronic rhinosinusitis and healthy controls to
explore the patterns of pneumatization in each population. In
addition, the goal was to further investigate the role of geno-
type in the development of skull base pneumatization.

METHODS

Population

This study was a retrospective analysis of CT scans of 186 tem-
poral bones and paranasal sinuses from patients with cystic
fibrosis, CRS, and patients without CRS or CF (control group)
treated at a tertiary rhinologic clinic from 1998 to 2006. Ninety-
three adult patients with a mean age of 43.4 * 14.9 years were
included in the study, with 31 patients in each of the study
groups (Table 1). Each patient represented two sinus systems
(n = 62 for total sinuses in each group). Control patients were
seen for non-sinus related complaints, primarily non-sinogenic
headache. The study had approval from Institutional Research
Board of the Medical University of South Carolina.

Outcomes assessment

Genetic testing was previously performed on the CF patient
population to determine AF508 status ® 1In the CF population,
we evaluated PSP using a scale described by Woodworth et al.
using CT scans and previously validated criteria ® Using these
criteria, we analyzed the frontal, maxillary, and sphenoid sinus-
es in all three populations.

The frontal sinus was defined as aplastic with an absence of
frontal bone pneumatization and hypoplastic with 1) an oval
shaped sinus with the lateral margin medial to a vertical line
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Figure 2. A: Coronal CT scan hypoplastic frontal sinuses. There is a

complete absence of the left frontal sinus and the right frontal sinus is
hypoplastic with the lateral margin medial to a vertical line drawn
through the middle of the orbit (arrow). B: Coronal CT scan with
hypoplastic maxillary sinuses. The maxillary sinuses meet four of the
five necessary criteria, including an oval-shaped sinus, no pneumatiza-
tion below the level of the nasal floor, the medial wall of the sinus lat-
eral to a vertical line drawn tangentially to the medial orbital border,
and the lateral extension of the medial to a vertical line drawn
through the middle of the orbit at the level of the infundibulum
(arrow). C: Axial CT scan with hypoplastic sphenoid sinuses with
pneumatization limited anterior to the vertical plane of the tubercu-
lum sellae (arrow). Note also the extensive temporal bone pneumati-
zation despite poorly developed sphenoid sinuses.

drawn through the middle of the orbit, 2) with smooth superi-
or margins, and 3) without intra-sinus septa (8) (Figure 2a).
The maxillary sinus was categorized as hypoplastic if four
of the following five criteria were met: 1) an oval-shaped sinus,
2) an oval-shaped and enlarged orbit, 3) no pneumatization of
the sinus below the level of the nasal floor, 4) the medial wall
of the sinus was lateral to a vertical line drawn tangentially to
the medial orbital border, and 5) the lateral extension of the
sinus was medial to a vertical line drawn through the middle of
the orbit at the level of the infundibulum ©® (Figure 2b).

The sphenoid sinus was defined as hypoplastic if the following
criteria were met: oval shaped sinus, pneumatization limited
anterior to the vertical plane of the tuberculum sellae, and an
absence of intra-sinus septa ® (Figure 2c).

Many methods analyzing TBP had previously been described,
several of which required three-dimensional digital reconstruc-
tions for volumetric assessment ‘*1%'® The simplest criteria
not requiring digital reconstruction with reliable reproducibili-
ty were previously described in a validated grading scale by
Han et al. 7.

The evaluation of pneumatization was performed using the
sigmoid sinus as a reference structure at the level where the
malleoincudal complex appeared as an ice-cream cone shape.
Three parallel lines crossing the sigmoid sinus at the most
anterior portion of the sigmoid sinus, the most lateral aspect of
the sinus, and the most posterior point of the sinus were
drawn at 45° in the anterolateral direction. TBP was classified
as a [1] if air cells were not present or present only anterior to
the anterior line, a [2] if air cells extended beyond the anterior
line but not beyond the line through the lateral aspect of the
sigmoid sinus, a [3] if the air cells extended beyond the line

235

Figure 3. Axial CT scans demonstrating temporal bone pneumatiza-
tion classification. At the level where the malleoincudal complex
appeared as an ice-cream cone shape, three parallel lines were drawn
crossing the sigmoid sinus at the most anterior portion of the sigmoid
sinus, the most lateral aspect of the sinus, and the most posterior
point of the sinus were drawn at 45 in the anterolateral direction.
TBP was classified as a (1) if air cells were not present or present only
anterior to the anterior line, a (2) if air cells extended beyond the
anterior line but not beyond the line through the lateral aspect of the
sigmoid sinus, a (3) if the air cells extended beyond the line through
the most lateral aspect of the sigmoid sinus but not the most posterior
line, and a (4) if the air cells extended beyond the most posterior line.

through the most lateral aspect of the sigmoid sinus but not
the most posterior line, and a [4] if the air cells extended
beyond the most posterior line an (Figure 3).

Extent of mucosal disease was not included, as the Lund-
McKay staging system does not reliably account for aplastic or
hypoplastic sinuses such as those commonly seen in patients
with cystic fibrosis. Although staging systems exist for the radi-
ological changes in cystic fibrosis, they are not comparable to
those used in CRS. Additionally, opacification of the sinuses is

nearly a universal finding in CF patients ®

Assessors

A fellowship trained rhinologist and two additional assessors
independently graded the CT scans. The assessors were blinded
to genetic status of the patients, but not to their clinical situa-
tion.

Statistical analysis

The data were treated as ordinal outcomes. Cross tables were
analyzed using a chi-squared analysis. Kruskal-Wallis one-way
analysis of variance (ANOVA) yielded similar results but the
grading scales are small and ordinal rather than numerical and
thus Chi square statistical analysis is included only. Although
left and right sinuses were recorded for each patient, repeated
measures analysis was not used, as there was the same number
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Figure 4. Graph of Temporal Bone Pneumatization in CF CRS, and
Control Groups. TBP did not differ between CF, CRS, and control
groups (XZ =6.93, p=0.38). Expressed as proportion of each group.

Table 2. Paranasal Sinus Pneumatization in CF, CRS, and Control

Groups, shown as a percentage of each sinus per group (n = 62).

31 patients were in each group with 62 sinuses assessed in each group.
CF Group CRS  Control

Aplasia 53% 5% 6%
Frontal Hypoplasia 26% 15% 23%
Normal 21% 81% 1%
Sphenoid Hypoplasia 73% 5% 0%
Normal 23% 95% 100%
Maxillary Hypoplasia 45% 6% 5%
Normal 55% 94% 95%

of patients in each group. Statistical significance was defined as
p = 0.05. Statistical calculations were performed using the
Statistical Package for the Social Sciences software (SPSS;
Version 15.0; SPSS Inc., Chicago, IL, USA).

RESULTS

One hundred and eighty six temporal bones and paranasal
sinuses from 93 adult patients were assessed (31 CF, 31 CRS,
and 31 control patients) (Table 1). The interobserver correla-
tion for TB scoring was 0.86. TBP did not differ between CF,
CRS, and control groups (x2 = 6.93, p = 0.38) (Figure 4). PSP
was significantly less in the CF group (x2 = 34.2, p < 0.001)
than the other two groups (Table 2). Interestingly, CRS
patients and the control group were not found to differ in PSP.
Genetic studies found that 51.6% of CF patients were homozy-
gous for AF508 and 16.1% were heterozygous, and that AF508
homozygosity was associated with poorer frontal sinus
pneumatization (x2 =33, p < 0.001), maxillary sinus pneumati-
zation (x2 = 34.7, p < 0.001), and sphenoid sinus pneumatiza-
tion (x’=24.9, p < 0.001) (Table 3), but greater TBP (x* = 14.9,
p =0.002) (Figure 5).

Figure 5. Graph of Temporal Bone Pneumatization in AF508 Non-
homozygotes vs. AF508 Homozygotes. AF508 homozygosity was asso-
ciated with greater TBP (XZ= 14.9, p = 0.002). Expressed as proportion
of each genotype group.

Table 3. Paranasal Sinus Pneumatization in AF508 Non-homozygotes
(n=30) vs. AF508 Homozygotes (n = 32) of each group.

CF Group CRS
AF508 AF508
Non-homozygotes Homozygotes
Aplasia 17% 88%
Frontal Hypoplasia 40% 12%
Normal 43% 0%
Sphenoid Hypoplasia 43% 100%
Normal S57% 0%
Maxillary Hypoplasia 7% 81%
Normal 93% 19%
DISCUSSION

The most common mutation in CF is the AF508. Homozygous
AF508 mutations with both similar and more severe clinical
phenotype have been described 520, Regarding patients with
CF, however, it was shown by Woodworth et al. that homozy-
gous AF508 mutations lead to a decrease in PSP, suggesting
that some mechanism other than mucosal inflammation, such
as a genetic predisposition, is responsible for decreased PSP ®
Those patients with CF were found to have a decrease in PSP,
while those non CF patients with CRS had average PSP when
compared to the control group. Homozygous AF508 patients
had significantly poorer PSP than other CF patients, suggesting
that AF508 homozygosity might be a predisposing factor for
poor PSP or possibly more severe mucosal disease during
paranasal sinus development.

As previously noted by Todd, there is a surprising increase in
TBP associated with CF "2, Otitis media and middle ear com-
plaints are not more common in the CF population. Contrary
to common belief by the non-otolaryngologic medical commu-
nity, we were not able to determine a significant underdevelop-
ment of the temporal bone air cell system in CF compared to
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CRS and control groups. We were able, however, to identify
an association between AF508 homozygosity and an increase
in TBP, suggesting a possible genetic influence in the extent of
TBP. This observation contradicts the belief that severe
inflammatory mucosal disease of the paranasal system during
development of the temporal and mastoid air cell system will
affect pneumotization. The influence of genetics on TBP
might result from a direct effect on the function of the mastoid
air cell mucosa, with changes in gas exchange and pressure
from the presence of the CFTR abnormality.

There are distinct differences between the structure and func-
tion of the mucosal linings of paranasal sinuses and the mas-
toid air cells. The paranasal sinuses are lined with ciliated res-
piratory epithelium and goblet cells, requiring a delicately bal-
anced mucous layer that allows the cilia to clear bacteria from
the sinuses. The mastoid air cells, on the other hand, are lined
with a single layer cuboidal respiratory epithelium with sparse
ciliated and goblet cells and a thin fluid layer superposed. This
single layer of cells is highly vascular, functioning as a gas
exchange unit, much like the alveoli in the lungs. This gas
exchange has been shown to play a critical role in temperature
and pressure regulation within the inner and middle ear W 1t
is possible that a disruption of the mucosal lining of the mas-
toid air cells secondary to the defective CFTR results in a com-
pensatory expansion of pneumatization, potentially from alter-
ations in gas exchange and subsequent pressure changes.

The influence of surgery early in life is not assessed in this
study. No CF patients had ESS prior to the first growth spurt
but some had ESS prior to the second growth spurt. While
anecdotal reports are made of hypoplastic changes after sinus
surgery (21’22), retrospective and prospective cohorts have not
demonstrated significant changes to facial or sinus develop-
ment @2, Many of our CF patients have had prior sinus
surgery and the influence of this may influence overall sinus
development but there is limited data to support this.

Additionally, structural changes to the skull base can be
observed in those patients with polypoid mucosa that occurs
early in childhood. Remodeling of the septum, middle
turbinate and orbital wall are common findings. Many of these
changes lead to medial maxillary wall bulging with remodeling
and ‘pseudomucocele’ formation are likely to underestimate
any assessment of sinus hypodevelopment @ Changes to the
nasal airway and decreased paranasal sinus ventilation might
also lead to greater pressure buffering in the temporal bones.
There is also a possibility that a bias occurred in the sample of
either the CF patients or the control group. Paranasal sinus
and temporal bone pneumatization have been shown to be age
and gender dependent @) The CF group is a younger popula-
tion (33.97 £ 7.74yrs) but this was a relatively older group of
CF patients in this study with >2SD or 95% of the population
older than 18 years. The influence of age related sinus develop-
ment may influence the outcome but to a limited degree.
Todd et al., however, studied a much younger cohort, where
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TBP may have been ongoing, and still found a similar relation-
ship between CF and TBP a They had speculated that genet-
ic typing may demonstrate an association but did not have the
genetic markers easily available to them 20 years ago. The dra-
matic increase in TBP in homozygous AF508 strongly suggests
that AF508 homozygosity predisposes patients to have
increased TBP.

CONCLUSION

PSP is significantly impaired in CF and AF508 homozygosity is
related to poor development. Conversely, TBP is well pre-
served in the CF population and suggested that AF508
homozygosity might even code for enhanced TBP through an
unknown mechanism. The results challenge that clinical dic-
tum that paranasal sinus disease during development leads to
impaired temporal bone development. Future in vitro studies
to examine the role of CFTR in both the paranasal sinus
mucosa and the mastoid air cells may help to further elucidate
the mechanisms involved in their pneumatization.
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