
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(3):839-847jtd.amegroups.com

Introduction

Primary ciliary dyskinesia (PCD) is a rare autosomal-recessive 
genetic disorder of cilia, with a prevalence of 1 in 10,000–

40,000 live births that is equal in men and women (1,2).  

Recurrent upper and lower respiratory tract infection is 

common and is caused by impaired muco-ciliary clearance 
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of respiratory tracts. Despite long-standing chronic 
respiratory symptoms, patients often receive a diagnosis 
of PCD after having progressive bronchiectasis and 
deteriorating lung function (3,4). Early recognition and 
diagnosis are necessary for optimal management. 

There is no single gold standard diagnostic test to 
capture all PCD defects. Recent guidelines for the 
diagnosis of PCD recommended a combination of clinical 
presentations and several diagnostic tests, such as nasal 
nitric oxide (nNO), analysis of ciliary beat frequency and 
pattern by high-speed video-microscopy analysis (HSVA), 
transmission electron microscopy (TEM), genotyping, and 
immunofluorescence (5,6). Among these methods, TEM 
is a highly specific test with a key role in confirming the 
diagnosis of PCD. TEM detects ultrastructural defects 
in cilia, and most cases are due to a lack of dynein arms. 
Other defects include disorganization of microtubular 
doublets or loss of the central microtubular pair (7). 

Nasal mucosa is generally selected as the biopsy site for 
obtaining mucosal tissue containing cilia for TEM because 
of its easy accessibility (8,9). However, investigation of the 
ultrastructural ciliary arrangement of nasal mucosa in some 
patients with chronic sinusitis is not possible due to severely 
impaired ultrastructure (10). Previous reports also showed 
a low diagnostic rate of TEM with nasal mucosal biopsy for 
PCD, ranging from 0.15 to 0.35 among patients who were 
suspected to have PCD by clinical presentations (9,11-15).  
Bronchial mucosal biopsy for TEM has been recommended 
with no significant difference of diagnostic yield between 
nasal mucosa and bronchial mucosa (8,10). However, 
there is no available study on whether a combination of 
nasal mucosal biopsy with bronchial mucosal biopsy has 
increased diagnostic yield for PCD. Therefore, we aimed 
to assess the diagnostic value of combination of nasal and 
bronchial mucosal biopsies in the diagnosis of PCD.

Methods

Patients

The electronic medical records of Samsung Medical 
Center, Seoul, South Korea, from April 1997 to June 2017 
were retrospectively reviewed. In this period, 106 patients 
received nasal or bronchial mucosal biopsies for TEM 
under suspicion of PCD. They had chronic or recurrent 
episodes of lower respiratory infection, sinusitis or otitis 
media without obvious causes. Among them, 10 patients 
diagnosed with other diseases, such as common variable 

immunodeficiency, cystic fibrosis, hyper-immunoglobulin 
E syndrome, or tumor related immunodeficiency, were 
excluded. A total of 96 patients were finally analyzed. 

Patients were divided into three groups based on the site 
of mucosal biopsy; nasal mucosal biopsy only group (NB 
group), bronchial mucosal biopsy only group (BB group), 
and combination of both nasal and bronchial mucosal 
biopsies group (NBB group). This retrospective study was 
approved by the Institutional Review Board of Samsung 
Medical Center (SMC 2018-04-029-001). Informed 
consent was waived for the use of patient medical data and 
patient information was anonymized and de-identified 
prior to analysis.

Radiologic examination

Radiologic examinations performed before mucosal biopsy 
was reviewed. Bronchiectasis was diagnosed when the 
following two key imaging findings were present on chest 
computerized tomography (CT) scan: (I) internal diameter 
of the bronchus was larger than that of the accompanying 
vessels and (II) no bronchial tapering was present in the 
lung periphery (16).

For sinusitis, ostiomeatal unit (OMU) CT scan and 
nasal endoscopy were assessed. Sinusitis was defined as 
clinical symptoms and either endoscopic signs or CT 
changes based on the 2012 European position paper on 
rhinosinusitis and nasal polyps guidelines (17).

Nasal mucosal biopsy and bronchial mucosal biopsy

Nasal mucosal biopsies were performed using grasping 
forceps on the inferior turbinate where the mucosa looked 
healthy. Biopsies were performed in an outpatient clinic or 
in an operation room during endoscopic sinus surgery for 
chronic sinusitis. Among the 79 patients who underwent 
nasal mucosal biopsy (NB group and NBB group),  
54 underwent biopsy in an outpatient clinic and 25 patients 
underwent biopsy in an operation room during endoscopic 
sinus surgery.

Bronchial mucosal samples were obtained from the 
main carina, secondary carina, or lobar bronchus using 
bronchoscopic forceps under sedation in a bronchoscopy 
suite. In 37 patients who underwent bronchial mucosal 
biopsy (BB group and NBB group), 5 were biopsied from 
the main carina, 2 were biopsied from the left second 
carina, 13 were biopsied from the right second carina, 8 
were biopsied from both sides of the second carina and 9 
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were biopsied from the lobar bronchus. 

Interpretation of pathology

Biopsies were immersed in 2.5% glutaraldehyde for 
prefixation. Fixed samples were rinsed in 0.1 M phosphate 

buffer solution at pH 7.4, followed by postfixation using 
1% osmium tetroxide (OsO4). For dehydration, a 50% 
to 90% graded series of ethanol was used for 10 minutes 
and 100% ethanol was used for 30 minutes. To remove 
residual ethanol, the samples were immersed in propylene 
oxide for 30 minutes and embedded in epoxy resin, Oken 
Epok 812 (Okenshoji, Tokyo, Japan). Semi-thin sections 
were stained with toluidine blue O (0.6 μm thickness) and 
ultra-thin sections (60 nm thickness) were stained with 7% 
uranyl acetate and lead nitrate. Sections were examined at 
a final magnification of ×100,000 by Hitachi 7100 electron 
microscope (Hitachi Ltd., Tokyo, Japan). 

At least 50 transverse ciliary sections were required 
to sat isf y adequacy requirements for evaluat ion of 
ultrastructural defects; otherwise, specimens were 
inadequate for diagnosis (18). Ultrastructural abnormalities 
in ciliary defects are listed and summarized in Figure 1 and 
Table 1. Combination of absence or defect in an inner and/
or outer dynein arm and abnormalities in number, pair, or 
location of microtubules are the typical ciliary defects in 
PCD. These ultrastructural abnormalities are identified in 
up to 10% of cilia in normal specimens (19,20); therefore, 
the presence of more than 10% defected cilia was defined 
as ciliary abnormality in this study.

Figure 1 Ultrastructure of normal and defected cilia (bars: 100 nm). (A) Normal ciliary ultrastructure with intact 9+2 microtubules and 
inner and outer dynein arms. (B,C,D,E) Structural abnormality of defected cilia. Many cases commonly have some degree of defect in inner 
and/or outer dynein arm. (B) Absence of central microtubular doublet and separate peripheral microtubules addition to 9+2 microtubules; 
(C) supernumerary microtubules, both central and peripheral; (D) outer unpaired single microtubules; (E) increased number of central 
microtubules.

A B C

D E

Table 1 Types of ciliary defects in PCD patients

Dynein arm

Defect in inner or outer dynein arm

Absence of inner or outer dynein arm

Microtubules

Absence of central microtubular doublet

Separate microtubules in addition to 9+2 microtubules

Increased or decreased number of microtubules per cilium

Outer singlet microtubules (not pair)

Microtubular transposition

Others

Fused cilia

PCD, primary ciliary dyskinesia.
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PCD was diagnosed when TEM showed ultrastructural 
abnormality consistent with PCD. When the ciliary 
structure was normal or not analyzable due to poor quality 
of the mucosal specimen or severe inf lammation, we 
determined these cases as ‘non-diagnostic’.

Statistical analyses

Data are presented as median and range for continuous 
variables and as number (percentage) for categorical 
variables. Data were compared by Kruskal-Wallis test for 
continuous variables and by Pearson’s Chi-square test or 
Fischer’s exact test for categorical variables. All tests were 
two-sided, and P<0.05 was considered significant. Data 
were analyzed with IBM SPSS Statistics for Windows, 
version 24.0 (SPSS, Inc.).

Results

Baseline characteristics 

Of 96 patients with biopsies for TEM, there were 59 in the 
NB group, 17 in the BB group, and 20 in the NBB group 
(Table 2). Patients in the NBB group were more likely to 
be older and current or ex-smokers than those in the NB 
and BB groups (P=0.002 and P=0.011, respectively). The 
presence of pneumonia history was lower in the NB group 
(69.5%) than in the BB (100%) and NBB groups (85.0%) 
(P=0.013). Cough/sputum were more common in the BB 
and NBB groups (P=0.018), and rhinorrhea was more 
common in the NB group (P<0.001). The presence of 
sinusitis was higher in the NB group than in the BB group 
and NBB group (P<0.001). No significant differences in 

Table 2 Patient characteristics

Characteristics Total (N=96) NB group (n=59) BB group (n=17) NBB group (n=20) P value

Age (years) 24 [2–67] 26 [4–67] 18 [2–50] 39 [3–64] 0.002

Sex (male) 45 (46.9) 27 (45.8) 10 (58.8) 8 (40.0) 0.501

Body mass index (kg/m2)* 20.7 (14.8–27.8) 21.1 (14.8–27.8) 20.4 (15.1–23.9) 20.1 (14.1–27.8) 0.131

Smoking status 0.011

Current or ex-smoker 11 (11.5) 5 (8.5) 0 (0) 6 (30.0)

Never smoker 85 (88.5) 54 (91.5) 17 [100] 14 (70.0)

History of pneumonia 75 (78.1) 41 (69.5) 17 [100] 17 (85.0) 0.013

History of otitis media 34 (35.4) 19 (32.2) 6 (35.3) 9 (45.0) 0.586

Current respiratory symptoms

Cough/sputum 79 (82.3) 44 (74.6) 15 (88.2) 20 [100] 0.018

Rhinorrhea 79 (82.3) 57 (96.6) 13 (76.5) 9 (45.0) <0.001

No current symptom 2 (2.1) 0 (0) 2 (11.8) 0 (0)

Radiologic findings 

Sinusitis‡ 68 (77.3) 54 (94.7) 7 (53.8) 7 (38.9) <0.001

Bronchiectasis 77 (80.2) 44 (74.6) 15 (88.2) 18 (90.0) 0.255

Situs inversus 8 (8.3) 5 (8.5) 0 (0) 3 (15.0) 0.252

WBC (×1,000/μL) 7.9 (4.5–28.0) 8.0 (5.0–16.0) 9.4 (4.5–28.0) 9.7 (4.9–23.4) 0.700

CRP (mg/dL) 0.49 (0.01–31.2) 1.2 (0.02–9.9) 1.2 (0.02–9.9) 2.8 (0.03–28.0) 0.945

All data are presented as number (%) or mean (range). Data were compared by Kruskal-Wallis test for continuous variables and by 
Pearson’s Chi-square test or Fischer’s exact test for categorical variables. *, body mass index defined as weight (kg) divided by square of 
height (meter) is only indicated in patients over 18 years old. Number of adult patients with records of weight and height was 60. ‡, number 
of patients with available CT or nasal endoscopic examination for sinusitis was 88. The numbers of patients in each group are 57 in NB 
group , 13 in BB group and 18 in NBB group. Sinusitis is defined as presence of chronic symptoms and either CT or endoscopic findings 
consistent with sinusitis. NB group, nasal mucosal biopsy group; BB group, bronchial mucosal biopsy group; NBB group, both nasal and 
bronchial mucosal biopsies group; WBC, white blood cells; CRP, C-reactive protein.
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sex, body mass index, history of otitis media, incidence of 
bronchiectasis, and inflammatory status measured with 
white blood cells and C-reactive protein were found among 
the three groups. 

Diagnostic rate of PCD according to biopsy site

As shown in Figure 2, the diagnostic rate of PCD was 28.8% 
(17/59) in the NB group and 41.2% (7/17) in the BB group. 
In the NBB group, only 5 patients (25.0%) were diagnosed 
with PCD by nasal mucosal biopsy, and the diagnostic rate 
was similar to that of the NB group. However, 7 (35.0%) 
patients were additionally diagnosed with PCD by bronchial 
mucosal biopsy. Finally, 12 patients (60.0%) were diagnosed 
with PCD by biopsies at both sites (Figure 2).

There was no significant difference in the diagnostic 
rate of PCD between the NB group and BB group (P=0.334) 
or between the BB group and NBB group (P=0.254). 
The diagnostic rate was significantly higher in the NBB 
group than in the NB group (P=0.012) (Figure 3A). The 
diagnostic rates in adult patients excluding pediatric 
patients (age over 18) also similar to those in all patients 
[NB group, 25% (9/36) vs. NBB group, 67% (12/18); 
P=0.003] (Figure 3B). 

Regarding complicat ions after bronchial mucosal 
biopsy, post-bronchoscopic fever was noticed in three 
patients (8.1%, 3/37), but there were no other significant 
complications after bronchoscopy such as bleeding or 
pneumothorax.

Presence of sinusitis and diagnostic rate of PCD by nasal 
mucosal biopsy

A mong 79 pat ient s  w it h a nasa l  mucosa l  biopsy,  
75 underwent OMU CT scan and/or nasal endoscopy 
(Figure 4A). A total of 61 patients (81%) had chronic 
sinusitis, and 14 patients had no symptoms of chronic 
sinusit is or CT/endoscopic f indings consistent with 
sinusitis. As shown in Figure 4A, the presence of sinusitis 
was not associated with diagnostic rate of PCD [34% (21/61) 
vs. 50% (7/14); P=0.277].

Presence of bronchiectasis and diagnostic rate of PCD by 
bronchial mucosal biopsy

All 37 patients who underwent bronchial mucosal biopsy 
had a chest CT scan. Among them, there was no evidence 
of bronchiectasis by chest CT in 4 patients, and none of 

Figure 2 Diagnostic yields of PCD based on the biopsy site. PCD, primary ciliary dyskinesia; NB group, nasal mucosal biopsy group; BB 
group, bronchial mucosal biopsy group; NBB group, both nasal and bronchial mucosal biopsies group. 

Patients suspected PCD (n=96) 

NB group (n=59)

PCD  
28.8% 
(17/59)

PCD  
41.2% 
(7/17)

PCD in  
nasal mucosa only 

15.0% (3/20)

PCD in  
nasal mucosa 
25.0% (5/20)

PCD  
60.0% (12/20)

Non-diagnostic 
40.0% (8/20)

PCD in  
both sites 

10.0% (2/20)

PCD in  
bronchial mucosa only 

35.0% (7/20)

Non-diagnostic  
71.2% (42/59)

Non-diagnostic  
58.8% (10/17)

BB group (n=17) NBB group (n=20)
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Figure 3 Comparison of diagnostic rates among NB, BB and NBB groups in (A) all patients including children and adults and (B) adults 
(age over 18) patients only. NB group, nasal mucosal biopsy group; BB group, bronchial mucosal biopsy group; BB group, both nasal and 
bronchial mucosal biopsies group. 
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Figure 4 Diagnostic rates of PCD according to the presence of (A) sinusitis and (B) bronchiectasis. PCD, primary ciliary dyskinesia. 

Nasal mucosa (n=79)

Bronchial mucosa (n=37) 

Sinusitis (+) (n=61) 

Bronchiectasis (+) (n=33) 

PCD  
34% (21/61)

PCD  
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PCD  
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PCD  
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Non-diagnostic  
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Non-diagnostic  
50% (7/14)

Non-diagnostic  
100% (4/4)

Sinusitis (−) (n=14) 

Bronchiectasis (−) (n=4) 

Absent CT or  
nasal endoscopy (n=4) 

A

B

their specimens showed ciliary structural abnormalities. 
As shown in Figure 4B, the diagnostic yield of PCD by 
bronchial mucosal biopsy was not significantly different 
between the patients with bronchiectasis and those without 
[48% (16/33) vs. 0% (0/4); P=0.118]. 

Discussion
 

To the best of our knowledge, this is the f irst study 
showing that bronchial mucosal biopsy provides additional 
diagnostic yield in patients with suspected PCD with 
negative TEM results by nasal mucosal biopsy. This 
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retrospect ive study showed that diagnosis of PCD 
increased by up to 31% with combination of nasal mucosal 
biopsy and bronchial mucosal biopsy compared with 
nasal mucosal biopsy only. This study also showed that 
35% of patients were additionally diagnosed with PCD 
by bronchial mucosal biopsy despite negative results in 
nasal mucosal biopsy, demonstrating the additional role of 
bronchial mucosal biopsy beyond nasal mucosal biopsy in 
patients with suspected PCD.

Despite the higher sensitivity of TEM in diagnosing 
PCD, the diagnostic rate of PCD by TEM with nasal 
mucosal biopsy alone was relatively low in patients with 
suspected PCD (9,11-15). In agreement with the results of 
previous studies, our study showed that the diagnostic rate 
of PCD by TEM with nasal mucosal biopsy was as low as 
29%. Although the diagnostic rate of bronchial mucosal 
biopsy was 41%, this yield was not statistically higher 
than that of nasal mucosal biopsy, as shown in previous 
studies (8,10,21). These results suggest that TEM with 
a single biopsy site might not be sufficient to diagnose 
PCD. Although combination testing with HSVA or nNO 
can increase the accuracy of diagnosing PCD (11), those 
methods are not easily accessible for most clinics. Given 
significantly increased diagnostic yield for diagnosis of 
PCD with a combination of nasal mucosal biopsy with 
bronchial mucosal biopsy, the performance of both nasal 

and bronchial mucosal biopsies will be helpful to enhance 
diagnosis of PCD.

We further evaluated whether the presence of sinusitis 
predicts the diagnostic yield of PCD using nasal mucosal 
biopsy. We hypothesized that the presence of sinusitis is 
associated with increased diagnostic yield, but there was 
no significant difference in the diagnostic rate between 
patients with and without sinusitis. We also compared the 
diagnostic yield of PCD between patients with and without 
bronchiectasis. Although none of the specimens of patients 
without bronchiectasis showed abnormal ciliary structure, 
there was no significant difference in the diagnostic rate 
between patients with and without bronchiectasis on 
CT scan. Taken together, these results suggest that the 
presence or absence of sinusitis or bronchiectasis was not a 
significant factor to determine biopsy site for PCD in our 
study. Since there was a small number of patients, further 
prospective studies with larger numbers are needed to 
validate our findings.

Based on the results of our study, we suggest a novel 
diagnostic approach using TEM with a combination of nasal 
mucosal biopsy and bronchial mucosal biopsy (Figure 5).  
The diagnostic yield of bronchoscopic mucosal biopsy 
seemed to be higher than that of nasal mucosal biopsy, 
but there was no significant difference. In addition, the 
presence of sinusitis on imaging findings did not predict 
diagnosis of PCD. Given the less invasive technique for 
obtaining nasal mucosal biopsy (8), a sequential diagnostic 
approach using nasal mucosal biopsy as the first step, 
followed by bronchial mucosal biopsy would enhance 
diagnosis of PCD in clinics where only TEM is available 
for PCD diagnosis.

This study involves several limitations. First, given 
the small and retrospective design of this study in a 
single center, selection bias may have inf luenced the 
findings. Moreover, the patients who underwent NB, 
BB or NBB were not under similar clinical conditions 
in terms of clinical symptoms and radiologic findings. 
For example, NB group was more likely to have sinusitis 
compare with other two groups and BB and NBB group 
had more history of pneumonia than NB group. Thus, 
further study with randomized controlled design is 
required to conf irm our study. Second, we did not 
use a combination of various methods in addition to 
TEM to diagnose PCD, such as nNO analysis, HSVA, 
genotyping, and immunofluorescence, as recommended 
in recent guidelines (5,6). However, most of these tests 
are not available even in tertiary hospitals, and TEM 

Figure 5 Proposed algorithm to diagnose PCD by TEM. PCD, 
primary ciliary dyskinesia; TEM, transmission electron microscopy.

Patients suspected PCD clinically 

Nasal mucosal biopsy 

Consistent with PCD? 

Bronchial mucosal biopsy 

Consistent with PCD? High possibility of PCD

High possibility of PCD 

Further evaluation or  
consider other diagnosis 

Yes

Yes

No

No
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is a relatively established method for other medical or 
scientif ic purposes. Thus, TEM would be a feasible 
option to increase the rate of PCD diagnosis under this 
limited circumstance. In this way, our study provided 
valuable information that will enhance the diagnostic 
yield of TEM. Third, we could not provide the final 
diagnosis in patients with negative results in both nasal 
and bronchial mucosal biopsies. Thus, further studies 
that can suggest the diagnostic f low for these patients 
are needed. Lastly, ciliary ultrastructural abnormality in 
TEM could be secondary change due to inflammation, 
infect ion, irritat ion, or handling art ifact (22). This 
secondary change, also called secondary ciliary defect, 
cannot be easily dist inguished from PCD by TEM. 
Various t ypical features of primary ci l iary defects 
and non-specific or secondary structural defects have 
been reported, but most of the primary defects can be 
identified in secondary changes (23). Quantitative analysis 
of TEM was suggested, but there are no established 
criteria to differentiate primary defects from secondary 
change (24). Secondary ciliary defect might be excluded 
by avoiding biopsy after recent inflammation or infection, 
but this does not guarantee observation of the primary 
defect of cilia (22). Cell culture can be used to reduce 
the risk of secondary ciliary defect (25) and it is strongly 
recommended in recent guidelines (5), but this test is 
also rarely available in clinical setting. Despite these 
limitations, our study showed a higher detection rate of 
ciliary ultrastructural abnormality and provides more 
clinical information for diagnosis of PCD. 

In conclusion, the combination of nasal mucosal biopsy 
and bronchial mucosal biopsy yielded a higher diagnostic 
rate of PCD than the use of nasal mucosal biopsy only. 
Our data suggest that bronchial mucosal biopsy would 
have an additional role to increased PCD diagnosis in 
the clinical settings with only TEM for PCD diagnosis. 
However, further prospective studies with large numbers 
are required to confirm our results.
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