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Abstract

Primary ciliary dyskinesia (PCD) is a rare and genetically heterogeneous disease and clinically
characterized by neonatal respiratory distress, organ laterality defects, persistent rhinosinusitis, chronic
bronchitis, and eventually bronchiectasis. Currently, there is no single “gold standard” diagnostic test
for PCD. PICADAR (Primary Ciliary Dyskinesia Rule) score is a guide to decide for further evaluation
of diagnostic tests in PCD. European Respiratory Society (ERS) and American Thoracic Society
(ATS) recommend diagnostic tests, including nasal nitric oxide (nNO), high-speed video analysis
(HSVMA), transmission electron microscopy (TEM) and genetic testing. Cryo-electron tomography and
immunofluorescence methods are new techniques recently performed by specialized centers and needs
to be improved. Age at diagnosis for PCD changes according to awareness of disease and available
diagnostic tests in different centers. Regular follow-up and multidisciplinary approach is important in the
management of PCD. The main aim of the treatment is to prevent pulmonary exacerbations and slow
the progression of the disease since there are no treatment approaches to correct the underlying cilia
structure and its functions in PCD. Although, there are not enough randomized controlled trials for the
treatment of PCD, recent treatments are usually based on to improve the mucociliary clearance. Early
diagnosis with multidisciplinary management and nutritional advice could improve growth and delay
disease progression leading to bronchiectasis and lung function impairment in PCD.
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Introduction

Primary ciliary dyskinesia (PCD) is a rare disease with
clinical and genetic heterogeneity and often inherited
with autosomal recessive pattern, characterized by
chronic lower and upper respiratory tract infections due
to impaired ciliary motility."? It was first described by
Kartagener et al in 1936 as a triad of chronic sinusitis,
bronchiectasis and situs inversus. After this definition,
Afzelius suggested that patients with PCD has impaired
cilia structure and mucociliary clearance due to immotile
cilia.® Recently, the definition of “immotile cilia syndrome”
has been replaced by the definition of “primary ciliary
dyskinesia”, which is also associated with abnormal cilia
movements besides immotile cilia.*®

Epidemiology

The prevalence of primary
ciliary dyskinesia is estimated
to be between 1: 2000-1: 40000
according to last reports.” Also
the frequency of PCD in Europe
is estimated to be 1:10000-1:
20000.6The most important reason
for this situation is the absence of
a standard diagnostic approach

neonatal

* Primary ciliary dyskinesia should
be considered in children with
respiratory distress,
organ laterality defects, persistent
rhinosinusitis, chronic bronchitis,
and eventually bronchiectasis.

*The quality of life in primary
ciliary dyskinesia

spoke” protein and the connection between peripheral
microtubules is provided by “nexin” proteins. Mucociliary
clearance enables to removal of mucus and bacteria.

Nodal cilia has a “9+0” structure and functionally, this cilia
has rotational motion and provides organ lateralization
during embryogenesis. Mutations in the nodal cilia genes
result in laterality defects including situs inversus and
situs ambigus.

Sensory cilia has also “9+0” structure with no dynein
arm and they are localized in the epithelial cells of the
kidneys, bile ducts, pancreas, chondrocytes, fibroblast
smooth muscle and neurons. These cilias have roles in
the cell signaling pathways.®

Mutations in the motile cilias
(motor cilia and nodal cilia) are
called motile ciliopathies and
primary ciliary dyskinesia is the
known motile ciliopathy in this
group. Mutations in the sensory
cilias cause diseases with multiple
organ involvement called immotile
(sensory) ciliopathies. They are
classified as Retinitis pigmentosa,

depends on Bardet Biedl syndrome, Polycystic

between different centers. In lung involvement therefore kidney disease, Nephonophtisis,
addition, it is known that the treatments focus on to improve Skeletal ~ dysplasia  (Jeune
prevalence is high in populations the mucociliary clearance syndrome), Joubert syndrome

where consanguineous marriages

and Cranioectodermal dysplasia.
Recent reports suggested that

are high.” PCD has mainly
autosomal recessive inheritance
pattern, however  autosomal

dominant and X-linked transition have been rarely
reported.? The mutations identified in 45 genes so far is
known to be the cause of the disease." Clinical studies
and research in recent years have led to increased
awareness of the disease; however, 30% of patients can
not be diagnosed despite improvements in diagnostic
methods and screening tests.*

Normal cilia structure and function

Respiratory cilias protect the airways against inhaled
pathogens and allergens and cilias have an important
role in the host defense. The density of cilias decrease
from upper airways to lower airways, and no cilias are
seen in the alveoli. The cilia microtubule structure is
formed by the combination of a and B tubulin monomers.
The axonemal structure consists of nine peripheral
microtubule pairs and one central microtubule pair (9+2)
or without the microtubule pair (9+0) in the central. Cilia
can be categorized into three groups as “9+2” motile
cilia (motor cilium) with the dynein arm, “9+0” motile cilia
(nodal cilium) with the dynein arm, and “9+0” immotile
cilia (sensory cilium) without the dynein arm.? (Figure 1)

Motor cilias (9+2) are located on the apical surface of
the upper and lower airways, central nervous system,
ependymal cells in the ventricles, sperm tail and
fallopian tubes. The outer dynein arm (ODA) and the
inner dynein arm (IDA) contribute to the formation of
nine double microtubule structures around the central
microtubule. The connection between the central pair
and the peripheral microtubule is provided with “radial

immotile ciliopathies have also
motile cilia dysfunction and similar
clinical spectrum like PCD.%1°
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Figure 1. Motile and non-motile cilia types
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Diagnosis

The median age of diagnosis has been reported as
5.3 years in Europe and 2.6 years in UK, although
it is younger in patients with situs inversus.>" The
diagnostic age changes according to awareness of
disease and available diagnostic tests in different
centers. Therefore, clinicians should suspect PCD in
patients with typical clinical signs.

Clinical findings

Clinical findings are characteristic for patients with
PCD. Abnormal structure and functions of matile cilia in
the nasopharynx, middle ear, paranasal sinuses, lower
airways and reproductive system cells are the cause
of clinical findings in PCD. Symptoms can start at birth
or develop in the first few months of life. Respiratory
distress is observed over 80% of neonates despite
term birth including history of mechanical ventilation or
neonatal unit admission.'? Respiratory distress occurs
mostly 12-24 hour after the birth, with no known cause.
Chest X-ray shows atelectasis on different lobes. PCD
should be suspected when the baby born on term
and admits to hospital with unexplained respiratory
distress, hypoxia and radiographic abnormalities such
as atelectasis.>"?

Cilia ultrastructural defect and impaired cilia functions
cause to decrease in the mucociliary clearance;
therefore chronic productive cough is the most common
reason to refer these patients. Persistant rhinorrhea or
nasal congestion starting at first month of age is also a
characteristic feature in almost 80% of the patients with
PCD.® Chronic rhinosinusitis, nasal polyp, recurrent
acute otitis media, otitis media with effusion, chronic
otitis media and conductive hearing loss are other
common clinical findings in these patients.''s

Recurrent bacterial infections in the lower airways
eventually cause to bronchiectasis. Despite intensive
medical treatments, PCD is generally a slow progressive
disease, although some patients develop respiratory
failure and lung transplantation is required."

Situs inversus occurs in 40-50% and situs ambigus
including heterotaxy occurs in 12% of patients with
PCD." Complex congenital heart disease (6.2%),
esophageal atresia, biliary atresia are more common
in patients with PCD compared with the normal
population.™'” Also hydrocephalus may be a sign in
patients with PCD due to impaired cilia functions in the
ependymal cells of ventricles. Respiratory symptoms
are common in patients with heterotaxy (polyspleni-
aspleni) and complex heart defects.'” Other phenotypic
features include pectus excavatum seen in 10% of
cases and scoliosis seen in 5-10%.*

Since there are cilia in the sperm flagella nearly 100% of
adult PCD male patients come with infertility. In women,
the transition time of the ovum in the fallopian tubes
is prolonged due to cilial dysfunction in the fimbria of
fallopian tubes. Thus, males with PCD have diminished
fertility due to reduced sperm maotility, however females
with PCD have increased risk of ectopic pregnancy
because of abnormal fallopian tube transit of oocytes.®

In 2016, American Thoracis Society (ATS) defined four
main most sensitive features to diagnose PCD. These
are: Presence of laterality defect (OR 7.7); Unexplained
respiratory distress lasting more than 24 hours in
term newborn (OR 6.6); Early-onset (below 6 months)
continuous nasal congestion (OR 3.4); Early-onset
productive cough (OR 3.1). If there are at least three of
these clinical characteristics, the specificity is over 96%,
and four of these clinical findings the specificity is over
98%."® In another study, Behan et al developed a scoring
tool called “PICADAR (Primary Ciliary Dyskinesia Rule)”
to predict the diagnosis of PCD. In this scoring, there
are seven features, in addition to persistant productive
cough including term born, neonatal chest symptoms,
history of neonatal intensive care unit admission, chronic
rhinitis, ear symptoms, situs inversus and congenital
heart defect. The PICADAR score is a guide to decide
for further evaluation of diagnostic tests in PCD. If the
PICADAR score is 10 or more, probability of PCD is
over 90%, and if the score is 5 or more, patients should
be evaluated for PCD." Table 1 shows which patients
should refer for diagnostic tests of PCD according to
ERS taskforce in 2017."°

Table 1.
Which patients should undergo to diagnostic tests for Primary

Ciliary Dyskinesia according to ERS Taskforce in 2017

Persistent wet cough, situs anomalies, congenital heart defect,
persistent rhinitis, chronic otitis, hearing loss, unknown bronchiectasis,
upper airway and lower airway symptoms in term newborn, patients
who need intensive care unit in the neonatal period

Patients without a situs anomaly but having the above findings
Patients with a sibling with PCD and who have symptoms

Patients with PCD symptoms and high PICADAR scores

Airway microbiology:

Different microorganisms colonize the airways or infect
the lungs. Therefore, respiratory tract cultures are
obtained in 3-6 months intervals in patients with PCD
in many centers. In childhood, Haemophilus influenza,
Staphylococcus aureus, Moraxella catarrhalis and
Streptococcus pneumonia colonization are common
in the airways; Pseudomonas aeruginosa is common
in young adults and is defined as the dominant
microorganism in adult PCD patients. Non-tuberculosis
mycobacteria are also seen in 15% of adults.'

Pulmonary Function Tests

In primary ciliary dyskinesia patients, as with non-CF
bronchiectasis, progressive pulmonary obstruction
develops with the progression of the disease. Unlike
cystic fibrosis, the progression rate of the disease is slow
in PCD. FEV1 shows an average decline of 0.8% per year.
However, monitoring pulmonary functions is important
in determining the treatment approach and prognosis.?°
Goutaki et al reported that both growth and nutrition are
affected adversely in PCD patients from early life and are
both strongly associated with lung functions.?'

Radiological findings

High resolution chest tomography (HRCT) is the
most sensitive imaging method in the detection of
bronchiectasis. However, it can not distinguish different
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causes of bronchiectasis, because the distribution
of radiological findings change in different diseases.
In primary ciliary dyskinesia, middle, lower lobe and
lingula of the lungs are more involved and upper lobe
involvement is seen later in the disease. Subsegmental
atelectasis, peribronchial thickening, mucous plugging,
air trapping, mosaic perfusion pattern, tree in bud
pattern and ground glass appearance are shown in high
resolution chest tomography, where structural changes
in the pulmonary parenchyma begin in the infancy and
childhood.?? (Figure 2)

Figure 2a. Chest Computer Tomography Finding of Primary Ciliary
Dyskinesia Patient- Bronchiectasis in the middle lobe of the right
lung and ground glass appearance-consolidation - subsegmental
atelectasis-bronchiectasis (arrow) in the lower lobe and lingula of the
left lung

Figure 2b. Dextrocardia and atelectasis (arrow) on the chest radiograph
of the patient with the diagnosis of Kartagener syndrome

Diagnostic Tests in Primary Ciliary Dyskinesia

European Respiratory Society (ERS) and American
Thoracic Society (ATS) have published two evidence
based guidelines in PCD diagnosis. However there is still
no gold standard diagnostic test for PCD. Both of these

guidelines recommend to use the combination of tests
including nasal nitric oxide measurement, high speed
video microscopy, immunofluorescence, transmission
eletron microscopy and genotype analysis.'®%

Screening Tests

Nasal saccharin test, which was previously used as a
screening test is not standardized and a subjective
method, so it is not recommended for use as a screening
test in PCD. Nasal saccharin tests and mucociliary
clearance tests are not recommended since the false
positivity rate is high in these methods.*®

Nasal nitric oxide measurement

Nasal nitric oxide (nNO) levels are usually low in patients
with PCD, therefore nNO is used as a screening test
according to ERS and ATS guidelines.’>? Nasal NO
measurement can be performed with tidal breathing
or breath holding maneuver. However, lower values
are usually obtained during the tidal breathing. NO
measurement by chemiluminescence method and
velum closure technique is recommended in patients
over 6 years of age and nasal NO cutoff value of 77
nL/min has 98% sensitivity, 99% specificity.'® 2426
Measurement during tidal breathing is recommended in
patients under 6 years of age with suspected PCD. It is
used as a first-line test in patients with the diagnosis of
PCD in most countries.” Low nNO can also be detected
in cystic fibrosis, nasal polyposis, upper respiratory tract
infections and smokers.?® Nasal NO is usually normal in
patients with mutations in few PCD-associated genes
(RSPH1, GAS8, RPGR, CCNO, CDC103, CFAP221,
DNAH9, FOXJ1, GAS2L2, LRRC56, NEK10, SPEF2,
STK36, TTC12). Thus, nNO concentrations >77 nL/min
do not exclude the diagnosis of PCD.?”

Diagnostic Tests

Diagnostic tests are used to evaluate the ultrastructure
and motility of motile cilias. Nasal samples obtained
from the inferior nasal turbinate are preferred in the
cilia evaluation, but samples can also be taken from the
lower airways if bronchoscopy is performed. Epithelial
cells can be obtained by curette, forceps or brushing
methods. Nasal brushing method should be the first
choice due to easy approach and samples should be
obtained at least 2-4 weeks after the infection period.2

High speed videomicroscopy analysis (HSVMA)

In patients with suspected PCD, ERS recommends to
use high speed videomicroscopy (HSVMA) including
ciliary beat frequency and beat pattern examination
for the diagnosis.’”® The number of cilias, cilia beat
frequency, beat pattern and efficiency of mucociliary
clearance are evaluated with this method." Ciliary beat
frequency was found 7-12 hz in the distal airways, 13-
27 hz in the trachea, main bronchus and nose. Biopsy
samples are usually evaluated under a 37°C and inverted
microscope. Specific beat patterns are classified as
completely immotile, immotile with occasional residual
movement, reduced bend and reduced beat amplitude,
hyperfrequent with reduced amplitude or with circular
motion. Mixed patterns may be observed in some
situations.! Exposure to air pollution, respiratory viral
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infections can cause non-specific ultrastructural changes
and cilia dysfunction in the cilia. Secondary causes can
be excluded by evaluating the samples of cilia at different
times and culturing the cells in a sequential single layer /
suspension system after biopsy. For definite diagnosis,
high-speed videomicroscopy should be repeated after
the cell culture.?®?® The sensitivity of HSVM in the
diagnosis of PCD is 100%, and its specificity is reported
as 96%. It is suggested that HSVMA is a reliable
diagnostic test in experienced centers.®® However, in
RSPH1, CCDC103, DNAH9, GAS8 mutations, HSVM
may be normal.’

Transmission electron microscopy

Transmission electron microscopy should be used for
the diagnosis of patients with suspected PCD according
to ERS guidelines.’ Electron microscopy provides the
cilia ultrastructural evaluation to confirm the diagnosis.
Although it was previously known as the gold standard
method in the diagnosis of PCD, normal electron
microscopy findings are observed in 30% of patients.*'
In patients with a compatible history of PCD, further
investigations should be carried out even electron
microscopy is normal. However; there is no need for
further diagnostic tests in patients with characteristic
cilia ultrastructural defect suggesting PCD in electron
microscopy. “Outer dynein arm defect, outer and
inner dynein arm defect, microtubular disorganisation
with inner dynein arm defect” are defined as hallmark
diagnostic electron microscopy findings according to last
ERS guideline.®? Electron microscopy findings including
“central complex defect, mislocalization of basal bodies
with few or no cilia, microtubular disorganisation defect
with inner dynein arm, absent outer dynein arm from
25%-50% cross sections, combined inner and outer
dynein arm absence from 25%-50% cross sections”,
indicate PCD diagnosis with other supporting evidence.
However isolated inner dynein arm defect, compound
cilia, naked cilia, membrane blebs, disorganized
microtubuler structure are all secondary ciliary dyskinesia
defects and usually disappear after the cell culture.®?
Electron microscopy is frequently normal in “nexin link
defects, central microtubule pair defects (RSPH), cilia
biogenesis defects (CCNO and MCIDAS), DNAH11,
HYDIN mutations”."?

Cryo-electron tomography

This method is a computed tomography adapted to
electron microscopy. This method provides three
dimensional evaluation of the cilia ultrastructureand
demonstrates ultrastructural defects in patients with
normal electron microscopy, such as DNAH711 and
HYDIN mutations.33

Immunofluorescence method

Immunofluorescence method is based on the analysis of
antibodies against axonemal proteins in the evaluation of
abnormalities of the cilia ultrastructure. ERS recommends
this method because it is cheaper and easier than the
other tests. Immunofluorescence staining can detect
PCD patients with normal ultrastructural evaluation. In
addition to the outer dynein arm defects and microtubule
disorganisation with the inner dynein arm defects that

can be diagnosed by electron microscopy, it is also a
useful method in abnormalities in the “nexin” connection
and “radial spoke” defects.'® There are different antibody
stainings (DNAHS5, DNALI1, RSPH4A, RSPH9, RSPH1,
GASS8) for many proteins developed for this purpose.'?

Genetic analysis

ERS and ATS recommend genetic testing in patients with
suspected PCD.">2 |t can be used to diagnose patients
whocannotbediagnosedbyhigh-speedvideomicroscopy,
electron microscopy and immunofluorescence method.
Genetic tests should be evaluated with clinical findings
and other results. Bi-allelic pathogenic mutation or
hemizygous X-linked mutation in a known gene will
confirm the diagnosis. Allele segregation analysis to the
family is important to confirm the genetic diagnosis. In
a study from different clinical centers in the USA and
Canada, 65% of 200 PCD patients have been reported
to have a bi-allelic mutation.?* Almost 65-70% of PCD
patients can be diagnosed with the next generation
sequencing technology, so that the method will contribute
to early diagnosis and treatment.** Genetic testing
can not diagnose approximately 30% of patients and
negative genetic testing does not exclude PCD. Genetic
analysis is also important in giving the family genetic
consultation.” Genes related with ultrastructural defects
in PCD are summarised in Table 2.3¢

Table 2.
Classification of subgroups according to genetic mutations in
PCD?*

Cilia Ultrastructural Defect Genes

DNAH11, CCDC164, CCDC65,
RPGR, OFD1

DNAHS5, DNAI1, DNAI2, CCDC114,
CCDC151, ARMC4, DNAH1, TTC25,
TXNDC3, DNAL1, CCDC103

DNAAF1, DNAAF2, DNAAFS3,
HEATR2, LRRC6, SPAGT,
ZMYND10, DYX1C1, C210rf59,
CCDC103, PIH1D3

Normal ultrastructure

Outer dynein arm

Outer and inner dynein arm

Inner dynein arm and

L CCDC39, CCDC40, GAS8
axonemal organization

Central apparatus and
radial spoke

RSPH1, RSPH3, RSPH4A, RSPHO,
HYDIN, DNAJB13

Absent or reduced cilia CCNO, MCIDAS

Different genetic mutations affect the cilia ultrastructure,
high speed videomicroscopic features and also clinical
findings of patients in different ways. Situs abnormalities
are seen in the ultrastructural defects affecting the
dynein arm. Disorders in the cilia biogenesis (MCIDAS,
CCNO), central pair (HYDIN), and radial spoke (RSPH1,
RSPH4A, RSPH9) do not cause situs abnormalities.
Despite RSPH1 and DNAH9 mutations leading to
mild clinical findings; CCNO, MCIDAS, CCDC39 and
CCDC40 mutations are associated with serious disease.
Respiratory system findings appear early and are serious
in mutations those with reduced cilia. Hydrocephalus is
more common in CCNO and MCIDAS mutations. Nasal
NO levels were found to be low in mutations causing loss
of function in the motile cilia.!-3":3®



Journal of Pediatric Academy

47

In summary, diagnosis of PCD should be confirmed by
at least two of the following methods in addition to the
clinical features suggesting PCD: Abnormal high-speed
videomicroscopy at least three times, abnormal electron
microscopy findings, abnormal immunofluorescence
examination findings, low nasal NO, the biallelic
mutations causing disease.2 According to ERS taskforce;
in addition to clinical findings, suggestive electron
microscopy findings for PCD or pathogenic biallelic
mutations on genetic testing is necessary to define
definitive PCD positive patients. However; in addition
to clinical findings and low nasal NO, HSVM findings
suggestive for PCD on three seperate occassions or
HSVM findings suggestive for PCD following cell culture
with normal electron microscopy is necessary to define
highly likely PCD patients.

The limitations of the diagnostic tests are summarised in
Table 3.2

Table 3.
Limitations of Diagnostic Tests in PCD

Diagnostic Test

It may also be low in other diseases such
as sinusitis, cystic fibrosis.

Sensitivity and specificity is higher in
patients older then 5 years old.

Nasal NO can be found normal in few
mutations (RSPH1, GAS8, RPGR, CCNO,
CDC103, CFAP221, DNAH9, FOXJ1,
GAS2L2, LRRC56, NEK10, SPEF2,
STK36, TTC12)

Mild disorders can be considered as
normal.

Ciliary dyskinesia secondary to infection
and inflammation is common. In these
cases, discrimination between PCD and
secondary ciliary dyskinesia can be difficult.

Nasal NO

High speed
videomicroscopy

Normal ultrastructural findings are detected
in 30% of cases.

It may cause a false positive diagnosis in
inner dynein arm defects.

Electron microscopy

It may be normal in 20% of cases.
When there is too much mucus in the
material, it becomes difficult to stain
technically.

Immunofluorescence
method

It is expensive due to the large number of
PCD genes (45 genes).

Genetic tests can identify about 75% of
cases.

New mutations in known genes should be
investigated in patients with suspected
PCD.

Genetic tests

Management of Primary Ciliary Dyskinesia

General management

The main aim of the treatment is to prevent pulmonary
exacerbations and slow the progression of the disease
since there are no treatment approaches to correct
the underlying cilia ultrastructural defect and ciliary
dysfunction in PCD. ERS taskforce recommend to
manage patients with definitive diagnosis of PCD
and highly likely diagnosis of PCD to treat like PCD."
There are not enough randomized controlled trials for

the treatment of PCD, treatments are usually based
on the treatment of cystic fibrosis and non-cystic
fibrosis bronchiectasis leading to improve mucociliary
clearance. Patient education and airway cleaning
techniques form the basis of the treatment. Prevention of
smoking, protection from the air pollution, minimizing the
exposure to respiratory pathogens, annual flu vaccines,
pneumococcal polysaccharide vaccines and childhood
routine vaccines are recommended. Body weight, height
and body mass index (BMI) should be evaluated at each
follow-up visit. Early diagnosis with multidisciplinary
management and nutritional advice could improve
growth and delay disease progression and lung function
impairment in PCD."%°

Pulmonary management

Patients should be monitored in every 3-6 months. Chest
x-ray is recommended at the time of diagnosis; however it
is not recommended in every follow-up visit. Since chest
x-ray is not sensitive enough, it is not recommended
other than the pulmonary exacerbation period."? Chest
CT is important in the early diagnosis of bronchiectasis.*
Chest CT and MRI have high compatibility in defining the
bronchiectasis. Lung MRI can be used in the follow-up
of PCD, middle and lower lobe involvement is common
in these patients.*? In addition, other radiological findings
are peribronchial wall thickening, mucus plugging,
bronchiectasis, atelectasis and bud tree appearance.?

Pulmonary function tests should be done in every 3-6
months. Lung clearance index (LCI) can detect the lung
pathology before the pulmonary function tests. Especially
in microtubule defects, LCl is higher and FEV1 is lower."?

Sputum culture, cough swab or nasal swab should
be taken 2-4 times in a year. For non-tuberculosis
mycobacteria, a sputum sample should be taken every
two years. Fungal culture should be obtained from
cases unresponsive to treatment and patients should
be evaluated in terms of Allergic Bronchopulmonary
Aspergillosis."?

Different airway clearance techniques are recommended
in PCD atleast twice daily. Daily cardiovascular exercises,
percussion techniques, manual chest physiotherapy
techniques, positive pressure expiration methods
increase clearance of secretions, regulate ventilation,
increase exercise tolerance and reduce shortness of
breath."?4 Nebulized treatments may help patients
to clear secretions, although evidence is not strong in
PCD. In PCD, there was no difference on the pulmonary
function tests, lower respiratory tract symptoms, sputum
cytokines, inflammatory markers, quality of life scores at 3
months of treatment with 7% hypertonic saline compared
to isotonic SF.#' Dornase a is used in CF that cleavages
DNAreleased from neutrophils, reducing mucus viscosity
and increasing airway clearance. However, in a study
conducted in adults, inhaled dornase a treatment in non-
CF bronchiectasis has been shown to increase the rate
of pulmonary exacerbation and cause a decrease in the
respiratory functions.*? There is no recommendation
to use inhaled hypertonic saline, dornase a and also
inhaled corticosteroids are not recommended if they
have not asthma diagnosis in patients with PCD.
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Antibiotic treatments are recommended for symptomatic
infections, prophylaxis, in P. aeruginosa eradication
and chronic P. aeruginosa colonization. Pulmonary
exacerbation is defined by the presence of three or
more of the following seven items: 1) increased cough,
2) change in sputum volume and/or colour, 3) increased
shortness of breath perceived by the patient or parent, 4)
decision to start or change antibiotic treatment because
of perceived pulmonary symptoms, 5) malaise, tiredness,
fatigue or lethargy, 6) new or increased haemoptysis,
and 7) temperature >38°C.*® Antibiotic treatments are
decided based on the most common microorganisms H.
influenzea, S. pneumonia, M. catarrhalis, S. aureus in
children and P. aeruginosa in older people. Treatment of
asymptomatic infection is commonly changes according
to clinican attitude. Although there is not strong evidence,
it is recommended to treat the first isolates of pathogens
with at least two weeks of antibiotic treatment. For P.
aeruginosa, inhaled antibiotics are usually preferred
and in some conditions oral antibiotics may be added.
In chronic P. aeruginosa colonization inhaled antibiotics
(colimycin, tobramycin, gentamycin) are usually
recommended based on the CF literature.*4°

In patients with frequent pulmonary exacerbations,
chronic or periodic oral or inhaled antibiotics reduce the
pulmonary exacerbations and improve the quality of life
of patients, also stabilizing their pulmonary functions.
First multinational randomised controlled trial (BEST
CILIA) in PCD showed that azithromycin maintenance
therapy for 6 months was well tolerated and halved the
rate of respiratory exacerbations. The authors concluded
that azithromycin maintenance therapy is an option for
patients with PCD with frequent exacerbations potentially
leading to reduced need for additional antibiotic
treatments and preventing irreversible lung damage.*®

The role of thoracic surgery in patients with PCD is
unclear and it is rarely indicated in PCD. Surgical
resection therapy should be considered in localized lung
disease, which causes serious symptoms, patients with
frequent exacerbations, progressive with life-threatening
hemoptysis despite medical treatment.#” Long-term
results of patients with thoracic surgery are unknown.
Thoracic surgery is not generally recommended in PCD
as diffuse lung involvement decreases the success of
localized surgical resection. In a multicentric study from
different countries in Europe showed that patients who
are lobectomized have lower FEV1, FVC z scores, and
FEV1, FVC levels continue to decrease more than the
non-lobectomy group after the surgery period.* Lung
transplantation is also an option in the end stage of lung
disease.’

Upper airway management

Because of many patients suffer from chronic
rhinosinusitis, recurrent otitis media; ear, nose and
throat examination 1-2 times a year and hearing test is
recommended at least once a year."4°

Nasal steroids, sinonasal rinsing with saline, nasal lavage
with intermittent antibiotics and systemic antibiotics are
used in the treatment. Surgical and nasal polypectomy
can be applied to provide sinus drainage in patients
resistant to medical treatment. Nasal surgery is not the

first treatment option due to the risk of recurrence of
nasal polyps.24°

In chronic upper respiratory diseases, conductive hearing
loss and speech delay are observed in the long term
period. Standard medical treatment is recommended
in acute otitis media attacks. Adequate data are not
available on surgical tympanostomy and ventilation tube
management.’? ERS also recommends hearing aids in
these patients rather than ventilation tubes.*

Other system management

Echocardiogram and abdominal ultrasound should be
obtained in patients with PCD after the diagnosis."

Compared to healthy controls in PCD patients; obstructive
sleep apnea (60%), attention deficit and hyperactivity are
more common.’ This should be evaluated in the clinical
history of PCD patients.

Infertility is common in men due to sperm immotility,
assisted reproductive techniques with intracytoplasmic
sperm injection are promising. In women, the transition
time of the ovum to the fallopian tube is prolonged, but
patients can have children with the invitro fertilization
method. According to this; fertility tests should be
obtained in adult PCD patients.

Conclusion

In primary ciliary dyskinesia, the awareness of the disease
is low due to the symptoms and signs that are not specific
to disease, and the difficulty in diagnostic tests cause
delay in diagnosis. In the long-term evaluation, regular
follow-up and multidisciplinary approach is important.
Early diagnosis and treatment will slow chronic lung
disease with bronchiectasis and positively affect the
patients’ quality of life.
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