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With Cystic Fibrosis and Comparison With
Primary Ciliary Dyskinesia, Nasal Polyposis,
and Controls
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Natacha Remus, MD4, Laurence Bassinet, MDS, Florence Canoui-Poitrine, MD, PhD6’7’8,
Thierry Van Den Abbeele, MD, PhD?, and Virginie Pruliére-Escabasse, MD, PhD"""

Abstract

Background: There is a medial bulging of the lateral nasal wall in patients with cystic fibrosis (CF). Aims: Uncinate process (UP)
angulation measurements in patients and controls to objectify this bulging. Materials and Methods: Thirty CF, |7 primary ciliary
dyskinesia (PCD), 13 chronic rhinosinusitis with polyps (CRSwp), and 30 controls were included. Angles were measured bilat-
erally on computed tomography (CT) scans: A, B, C on coronal sections, D and E on axial sections. Angle A was between the UP
and the orbit inner wall, whereas the others were between UP and midline. Results: There was no significant difference between
controls, PCD, and CRSwp. However, CF had 3 statistically different angles with controls, 5 with CRSwp, and 4 with PCD. Angle
A average value was 126° (£ 16°) in patients with CF, 138° (£ 19°) in controls (P = .007), 145° (% 15°) in PCD (P = .001), and
138° (£ 14°) in CRSwp (P =.001). Angle E average value was 35° (£ 10°) in patients with CF, 20° (4 6°) in controls (P <.001), 21°
(£4°) in PCD (P <.001), and 22° (£ 6°) in CRSwp (P <.001). Conclusion: Uncinate process’s anatomy is only modified in CF:
Angle between UP and inner wall of orbit is closed, and angles between UP and midline are opened. Significance: These

measures quantify the medial bulging of lateral nasal wall and support nasofibroscopic observations.
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Introduction

Cystic fibrosis (CF) is the most common lethal autosomal
recessive disorder in the Caucasian population affecting around
1/3000 children, with a carrier frequency of 1/25. It is a multi-
system disorder where pulmonary and sinonasal involvements
occur in 90% to 100% of patients, and up to 86% of children
have nasal polyps.'™ Patients with CF develop chronic rhino-
sinusitis (CRS) due to the defect in the CF transmembrane
regulator (CFTR) protein. The membrane lining in the parana-
sal sinuses and the nose is identical to the membrane lining the
lungs. As in lower airways (LAW), the defective CFTR protein
results in viscous mucus.’ Consequently, mucociliary function
is reduced, which facilitates bacterial colonization and infec-
tion thus leading to rhinosinusitis.®’ In the past decades, infec-
tion of the LAW was the most prominent focus in treatment
protocols for CF. Over the years, infection of the upper airways
(UAW) gradually gained more attention in CF, as sinuses can
be the reservoir of bacteria. Moreover, several studies showed
concordance between organisms in UAW and LAW in patients
with CF, suggesting that the UAW might influence the

patient’s pulmonary status.®® Radiologic descriptions of rhino-
sinusitis in patients with CF were established by some authors:
maxillary sinus pseudomucocele, median bulging of the lateral
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nasal wall (LNW), nasal polyposis with bone erosion, and
aplasia or hypoplasia of sphenoid and/or frontal sinuses.'® The
median bulging of the LNW is a subjective concept. The LNW
includes the uncinate process (UP), which is a vertical plate
bone pendant to the ethmoid. To our knowledge, the deforma-
tion of UP has never been anatomically quantified.

The first purpose of this study was to objectify in patients
with CF the median bulging of LNW by measuring the UP
angulation. The second purpose was to compare these angula-
tions with controls, CRS with nasal polyps (CRSwp, without
CFTR gene mutations), and patients with primary ciliary dys-
kinesia (PCD).

Patients and Methods

Medical ethics committee of the French ENT Society approved
this study; all adult patients and all legal representative of
children gave their informed consent. All procedures per-
formed in this study were in accordance with the ethical stan-
dards of the institutional and national research committee and
with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. In French legislation, a formal
consent is not required for this type of study.

Thirty controls and 60 patients were included: 13 CRSwp,
17 PCD, and 30 CF recruited from the « Resources and com-
petences Centres for cystic fibrosis » (French Cystic fibrosis
Centre) of Intercommunal Hospital in Créteil and University
Hospital Robert Debré in Paris. Computed tomography scan
performed between April 2010 and April 2017, and medical
records of all patients were analyzed. The exclusion criterion
was a history of endonasal surgery (ethmoidectomy, maxil-
lary antrostomy). Three-dimensional reconstructions on
Advantage Windows Workstation were performed and both
sides were examined. The UP is a plate bone pendant to the
ethmoid, descending downwards and rearwards. Uncinate
process is one element of the inner wall of the maxillary sinus.
Each angle was measured by an otorhinolaryngologist and a
radiologist who worked blinded with respect to the other and
with respect to the group (controls, CRSwp, PCD, CF). The
average of both observers’ measurements was used for the
statistical study.

The coronal plane was defined as perpendicular to the hard
palate. In this plane, angle A was drawn between the orbit’s
medial wall and the UP; angle B between UP and the midline,
opened upward; and angle C between UP and the midline,
opened downward (Figure 1).

The axial plane was defined as parallel to the hard palate. In
this plane, angle D was drawn between the UP and the midline,
opened forward, and angle E was between UP and the midline,
opened backward.

Given that the UP was measured 5 times, there was a chance
of increasing the o risk. That is why a Bonferroni correction
was performed, and an o risk of 0.05/5 = 0.01 was tolerated.
Data had a Gaussian distribution. A Student ¢ test was used,
with the null hypothesis of equal averages between 2 groups.

Results

Mean ages were 22 + 12,52 + 14,17 £+ 16, and 22 + 14
years old for controls, CRSwp, PCD, and CF groups, respec-
tively. Time required to measure both UP for each patient was
10 minutes. The inter-observer correlation coefficients were
0.56, 0.74, 0.63, 0.69, and 0.73 for A, B, C, D, and E, respec-
tively. Angle A was smaller in CF than in PCD, CRSwp, and
controls. There were statistically significant differences
between patients with CF and the 3 other groups (P < .01;
Tables 1 and 2, Figure 2). Angle B was greater in CF than in
PCD, CRSwp, and controls. There were 2 statistically signifi-
cant differences between CF and CRSwp and between CF and
PCD (P <.01; Tables 1 and 2, Figure 2). Angle C was greater in
CF than in PCD, CRSwp, and controls. There was a statistically
significant difference between CF and CRSwp (P = .0008;
Tables 1 and 2, Figure 2). Angle D was greater in CF than in
PCD, CRSwp, and controls. There were statistically significant
differences between patients with CF and the three other groups
(P <.01; Tables 1 and 2, Figure 2). Angle E was greater in CF
than in PCD, CRSwp, and controls. There were statistically
significant differences between patients with CF and the 3
other groups (P <.01; Tables 1 and 2, Figure 2). For each of
the 5 angles, there was no statistically significant difference
between PCD, CRSwp, and controls (P > .01). In conclusion,
CF had 4 statistically different angles with PCD, 5 with
CRSwp, and 3 with controls (Table 2).

Discussion
Key Findings

In patients with CF, we have demonstrated that the angle
between UP and the inner orbit wall (Angle A) is smaller when
compared to other patients, whereas the angles between UP and
midline (Angle D and E) are greater. Our results highlight sta-
tistically significant differences between CF, controls, PCD, and
CRSwp. These 3 groups had comparable angle measurements.

Methodological Limitations and Strengths of the Study

Difficulty of measuring precisely each angle in a reproducible
manner was compensated by the inclusion of a large number of
measurements and patients, and the fact that they were mea-
sured bilaterally, and by 2 separate investigators. Finally, this
measurement did not require a lot of time.

Comparison With Other Studies

Nasal and sinus disease is a key element in CF. Mainz et al
showed that the presence of identical genotypes in UAW and
LAW suggests that the UAW play a role as a reservoir of
Staphylococcus aureus and Pseudomonas aeruginosa in CF.’
Pseudomonas aeruginosa positive UAW cultures precede pos-
itive LAW cultures in a substantial part of patients, suggesting
some kind of cross infection between the UAW and LAW as
explained in Hildes’s study.® Infection with P. aeruginosa plays
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Figure |. Different angles measured on axial sections in controls (top) and in cystic fibrosis (CF; bottom).

a crucial role in morbidity and mortality after lung transplanta-
tion in patients with CF.'® Less than 10% of patients with CF
report sinonasal symptoms.* One of the most common com-
plaints is nasal obstruction, which is present in 32% to 81% of
patients."* But one-third of patients with a mean age of 3 years
have nasal polyposis and 15% have a bulging of the LNW. A
total of 25% of older patients have an isolated prominent UP.*
Brihaye et al. described clinical pattern of CF rhinosinusitis:
mucopyosinusitis (pseudomucocele) of the maxillary antrum
with bulging of the LNW, nasal polyposis with erosion of the
LNW, and chronic purulent rhinosinusitis with an isolated

prominent UP."" On the other hand, all sinus CT scans in patients
with CF reveal moderate to severe sinus disease.'*"?

These CT criteria have been perfectly described in Kang’s
literature review: The most prevalent findings reported were
opacification of sinuses, frontal and sphenoidal aplasia or
hypoplasia, underdevelopment of paranasal sinuses, and med-
ial bulging of the LNW.'* The size of the maxillary sinus
increases with advancing age in the control and chronic sinu-
sitis patients but not in patients with CF.'> This is corroborated
by Krzeski who suggests that more advanced pathological
changes are found in CF than in CRS.'®
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Table I. Average Angles Measurements in Each Group.

Groups Angle A AngleB AngleC AngleD AngleE
CF 126° + 16° 36° + 13° 31° + 12° 30° + 10° 35° + 10°
PCD 139° + 15°25° + 11°25° + 9° 19° + 6° 2I° + 4°
CRSwp  141° + 14°24° + 9° 23° + 7° 20° + 6° 22° + 7°
Controls 135° + 19°28° + 13°26° + 6° 19° + 7° 2I° + 6°

Abbreviations: CF, cystic fibrosis; CRSwp, chronic rhinosinusitis with polyps;
PCD, primary ciliary dyskinesia.

Table 2. P Value of Each Student t Test.

Groups Angle A Angle B Angle C AngleD AngleE
Controls-CF .0077* 0388 0llé <0001 .0077°
Controls-PCD .2305 1674 4477 7816 2305
Controls-CRSwp  .1377 .0547 .0820 2594 1377
CF-PCD .0003* .0012* .01l <.0001* .0003*
CF-CRSwp .0002*  .0003*  .0008" <.0001* .0002*
CRSwp-PCD 7344 .5680 4857 4394 7343

Abbreviations: CF, cystic fibrosis; CRSwp, chronic rhinosinusitis with polyps;
PCD, primary ciliary dyskinesia.
*statistically significant P Value.

According to Casserly, there is no significant difference
between symptomatic and asymptomatic patients with CF with
respect to their Lund—Kennedy endoscopic score or their
Lund-Mackay CT score.'> Computed tomography is an excel-
lent exam, but efforts should be made to minimize radiation
exposure in patients with CF by limiting sinus CT scans to the
preoperative context or for evaluation of potential sinusitis
complications.'?

Clinical Applicability of the Study

Via CT measurements of UP angulation, we objectified and
quantified the median bulging of the LNW in patients with
CF. This supports nasofibroscopic observations.

The UP angle measurements also could be an argument for
CF diagnosis for atypical patients. The US Cystic Fibrosis
Foundation (Bethesda, Maryland) listed diagnostic criteria for
CF: one or more of the phenotypic features of the disease with
positive immunoreactive trypsin (a neonatal screening test),
positive sweat test, a CF-causing mutation in each CFTR gene,
or an abnormal nasal potential difference.!” The diagnosis of
CF cannot be conclusive when the sweat test gives intermediate
values, and the genetic analysis shows at most one CF causing
mutation. These atypical patients usually present later in their
lives with pancreatic failure and milder respiratory disease.

Nevertheless, a CT scan is not a valid criterion for sinus
surgery in patients with CF.'® Indeed, the global analysis of
the patient is necessary: symptoms and medical history, gram-
negative bacillus presence, and endoscopic and radiological
aspect.

For the first time, we described and quantified anatomical
distortions of the UP in patients’ with CF sinonasal cavities.
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Figure 2. Average angles values of A, B, C, D, and E in each group.

These distortions are not found in PCD, CRSwp, and controls.
Nevertheless, UP distorsions are not 100% specific of CF.
Indeed, allergic fungal sinusitis is a common diagnosis of LNW
bulging. A review of the CT findings in allergic fungal sinusitis
patients documents expansion of the sinuses in 43 of 45
patients studied."®
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