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Abstract

Background: Primary ciliary dyskinesia (PCD) is a genetically diverse disease which causes impaired mucociliary clearance,

and results in pulmonary, otologic, and rhinologic disease in affected patients. Genetic mutations in multiple genes impair the

ability of patients to clear mucous from the lungs, middle ear, and sinonasal cavity and lead to chronic pulmonary and

sinonasal symptoms.

Methods: We identified 17 PCD patients who had available CT scans. Volumes for bilateral maxillary, sphenoid, and frontal

sinuses were calculated. A control population of patients who had preoperative CT scans for endoscopic endonasal resec-

tion of skull base pathology without sinonasal cavity involvement was also identified.

Results: The mean age of PCD was 33 and ranged from 13 to 54 years. Patients were age- and gender-matched to a control

group that underwent resection of anterior skull-base tumors and had a mean age of 35 that ranged between 17–53 years

old. The volumes for all thee sinus cavities were significantly smaller (p< 0.007) compared to the control population.

The average Lund-Mackay score was 10.6 in the PCD cohort (range 6–16) in comparison to an average of 0.7 in the control

cohort (range 0–2).

Conclusions: Overall sinus volumes were smaller in patients with PCD compared to our control population. Future studies

will be aimed at understanding defects in sinus development as a function of specific genetic mutations in PCD patients.

Ultimately, a better understanding of the underlying pathophysiology of PCD will allow us to identify the optimal treatment

practices for this unique patient group.
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Introduction

Primary ciliary dyskinesia (PCD) is a heterogeneous

genetic disease in which defects in ciliary biogenesis,

ultrastructure, or function result in chronic otologic,

sinus, and pulmonary disease.1 Inheritance of PCD is

primarily autosomal recessive, and results from muta-

tions in multiple genes.2 Symptoms of PCD include

year round ear infection, purulent rhinorrhea, and a

wet cough, which are commonly observed in all children,

yet the prevalence of PCD is rare, estimated to be only 1

in 15,000.3 Accurately diagnosing PCD is a challenge

due to its genetic heterogeneity, the prevalence of its

symptoms, and the rarity of its occurrence. Although
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this challenge is somewhat alleviated in patients with

classic Kartagener’s Syndrome, which exhibit situs inver-

sus, bronchiectasis, and chronic sinusitis, this triad of

characteristics is only observed in the minority of PCD

patients.4,5 Thus, a better understanding of the sinonasal

manifestations and sinus anatomy seen in PCD could help

clinicians identify patients with PCD who have undiag-

nosed PCD, plan appropriate surgeries, and counsel

patients regarding expectations of their sinonasal health.
Defective mucociliary clearance is a central feature of

both PCD and cystic fibrosis (CF), with both diseases

having high rates of chronic sinonasal symptoms despite

the different underlying genetic and pathophysiologic

causes of each disease. It is well-established that patients

with CF frequently exhibit hypoplasia and a computed

tomography (CT) scan often depicts agenesis of their

sinuses.6–12 This was initially thought to be caused by

the chronic sinusitis that CF patients experience; howev-

er, recent studies in rats13 as well as pigs14 have shown

that hypoplasia precedes sinusitis and is present at birth.
In contrast, the literature describing sinus anatomy in

PCD in sparse. A case report by Gomez et al. described a

PCD patient who was noted to have agenesis of the fron-

tal sinus.15 In 2011, Pifferi et al, described a cohort of

PCD patients who frequently had hypoplastic or aplastic

sinuses, but no control group was included.16 Therefore,

to better characterize sinus development and size in a

PCD cohort, we identified 17 patients in the UNC PCD

cohort that had available CT scans, performed volumetric

analysis of their sinuses, and compared these data to an

age- and gender- matched cohort of patients with no evi-

dence of sinus disease.

Materials and Methods

Patients older than 13 years of age with a diagnosis of

PCD and available CT scans were included in the study

(Table 1). The PCD diagnosis of all patients was classi-

fied as definite, made on the basis of a compatible clin-

ical phenotype and a diagnostic abnormality in ciliary

ultrastructure observed by electron microscopy (EM)

and/or the presence of two disease-causing genetic muta-

tions. CT scans were analyzed in iPlan software

(BrainLab, Germany). Individual and total volume for

bilateral maxillary, sphenoid, and frontal sinuses were

calculated by the senior author (AJK) while blinded to

the disease state. Using this software, the senior author,

outlined each sinus in the axial plane and computation-

ally expanded the volume in three dimensions. Then the

3D sinus reconstructions were adjusted in the coronal

and sagittal plane to ensure accuracy and consistency.

In addition to volumetric analysis, radiographic extent

of disease was assessed by Lund-Mackay scores17 that

were calculated for each patient by the senior author.

A control population of age- and gender-matched

patients was selected from our UNC skull base database

and consisted of those with preoperative CT scans

obtained for image guidance during endoscopic endo-

nasal resection of skull base pathology. Patients with

acromegaly or erosion of the sella turcica were excluded.

Paired age-matched controls were within four years of

the study population. Sinus volumes and Lund-Mackay

scores were computed as described above.
Statistical analysis was conducted using paired T-tests

with GraphPad Prism v7 (GraphPad Software, Inc) with

significance determined with p-values �0.05.

Results

Seventeen patients with available CT scans (14 female

and 3 male) were identified. The mean age was 33, and

ranged from 13–54 years of age (Table 1). The control

group had a mean age of 35, with an age range of

17–53 years old.
The mean volume of the maxillary sinus in the PCD

group was 16.8 cm3 (range 9.1–41.3 cm3), which was sig-

nificantly smaller (p¼ 0.00031) than that of the control

group (28.5 cm3, range 14.4–41.1 cm3; Figure 1(A)).

Similarly, the average volume of the sphenoid sinus in

PCD patients was significantly smaller at 3.2 cm3 (range

0.25–10.54 cm3), relative to the control group at 9.6 cm3

(range 4.3–21.6 cm3; p< 0.0001; Figures 1(B) and 2).

Lastly, the mean volume of the frontal sinus in PCD

patients was 2.6 cm3 (range 0–7.99), which was also

significantly smaller (p¼ 0.0065) than that observed in

Table 1. Patient Demographics.

No. Age (Years) Sex Category Method

1 47 F Definite EM/Genetics

2 35 F Definite Genetics

3 38 F Definite EM/Genetics

4 26 F Definite EM/Genetics

5 42 F Definite EM

6 16 F Definite EM

7 24 F Definite EM

8 51 M Definite Genetics

9 31 F Definite EM/Genetics

10 13 F Definite EM/Genetics

11 54 F Definite EM/Genetics

12 21 M Definite EM/Genetics

13 38 M Definite Genetics

14 13 F Definite Genetics

15 34 F Definite EM/Genetics

16 34 F Definite EM/Genetics

17 38 F Definite EM/Genetics

Seventeen study patients were identified with a definite diagnosis of pri-

mary ciliary dyskinesia. nNO – nasal nitric oxide, EM – electron micros-

copy, F – female, M – males.
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the control population (5.8 cm3, range 0.9–11.6 cm3;

Figures 1(C) and 3).
In the PCD cohort, the minimum Lund-Mackay

score was 6, the maximum score was 16, and the average

score was 10.6. This was significantly different

(p< 0.0001) compared to the control cohort, which

had an average score of 0.7 (range 0–2; Figure 4).

Discussion

Our study is the first to quantify sinus volume in PCD

patients. We observed that the average volumes of the

maxillary, sphenoid, and frontal sinuses were significantly

smaller in the PCD population than in age- and gender-

matched controls. Our control population had similar

volumes as seen in other studies.18,19 These results are in

congruence with an earlier study that found that 53% of

frontal sinuses and 46% of sphenoid sinuses in PCD

patients were aplastic or hypoplastic, respectively.16

While hypoplasia is more obvious on CT scans in the

frontal and sphenoid sinuses, we noted that 88% (15/17)

of patients in the PCD population had a maxillary sinus

volume that was less than the average maxillary sinus

volume in the control population. In addition, Lund-

Mackay scoring indicated significantly worse sinus disease

in the PCD population compared to the control cohort.

A B C

Figure 1. Sinus volumes in PCD patients are significantly smaller than in control patients. Volume of (A) maxillary, (B) sphenoid, and
(C) frontal sinus cavities in the PCD or control cohorts. Column height is the mean of the cohort and error bars represent 95%
confidence intervals.

Figure 2. Representative images of sphenoid volume in a PCD or control patient. The patients with the median sphenoid volume are
shown for the PCD population (A and B) or the control population (C and D). PCD patient #9 has decreased pneumatization of their
sphenoid sinus as shown on coronal (A) and sagittal (B) planes as compared to the control population (C and D).
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Overall our study demonstrates that total sinus volume is
lower in PCD patients and disease severity as assessed on
CT scans is worse than in a control population.

The results of our study have important clinical impli-
cations. When performing endoscopic sinus surgery on
PCD patients, surgeons should expect to encounter
hypoplastic sinuses. Smaller sinus volumes restrict

potential angles of approach and reduce room for instru-
ments, making functional endoscopic sinus surgery in
PCD patients more complicated. While the use of
image guidance and pre-operative CT scans can mini-
mize this risk, the complexities associated with hypoplas-
tic sinuses should always be anticipated and considered
before surgeons operate on a patient with PCD.

Nasal nitric oxide is released from sinonasal mucosa
and has antimicrobial properties.20 While the mecha-
nism is unknown, low levels of nasal nitric oxide are
nearly universal in patients with PCD and help support
a diagnosis of PCD.1,2 It is possible that this decreased
nasal nitric oxide is related to the decrease in mucosal
surface area; however, larger cohorts and in vitro studies
will be necessary to understand the mechanism by which
PCD results in low nasal nitric oxide.

In the absence of situs inversus, PCD is difficult to
diagnose and there is no single test, genetic or otherwise,
that captures all known PCD patients. Therefore, in
patients with recalcitrant sinus disease, especially those
that are younger, hypoplastic sinuses should raise the
suspicion for PCD.

Conclusion

Patients with primary ciliary dyskinesia (PCD) exhibit
significantly decreased pneumatization of their maxil-
lary, sphenoid, and frontal sinuses, a difference that
was observed across age and gender. Chronic

Figure 3. Representative images of frontal sinus volume in a PCD or control patient. The patients with the median frontal sinus volume
are shown for the PCD population (A and B) or the control population (C and D). PCD patient #3 has decreased pneumatization of their
frontal sinus as shown on coronal (A) and sagittal (B) planes compared to the control patient (C and D).

Figure 4. Patients with PCD have higher disease severity on CT
scans relative to control patients. Lund-Mackay scores of PCD and
control CT scans. The mean score in the PCD cohort was 10.6
with a range of 6 to 16. The mean Lund-Mackay score in the
control population was 0.7 with a range of 0 to 2. Error bars
represent the 95% confidence interval.
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rhinosinusitis is difficult to treat and our observations
indicate that hypoplastic sinuses in PCD patients can
complicate surgical management of the disease.
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