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Evidence-based guidelines for the
diagnosis of primary ciliary dyskinesia
(PCD) were published in 2018 (1).
The guidelines were developed by a
committee of pediatric and adult
pulmonologists, geneticists, cardiologists,
radiologists, pediatric otolaryngologists,
neonatologists, and PCD advocates
(adults with PCD and parents of children
with PCD). Recommendations were
derived by consensus through anonymous
voting. This summary reviews the
evidence-based guidelines for current
PCD diagnostic testing for the
practicing clinician. The guidelines have
different implications for patients,
clinicians, and policy makers (Table 1).
Clinicians should always consider unique
individual clinical circumstances when
performing diagnostic testing for PCD,
remembering that all PCD testing has
limitations.

PCD is a genetically heterogeneous
disease of motile cilia, and the diagnosis is
often delayed, in part secondary to the
limitations of available diagnostic testing.
Historically, a diagnosis of PCD was made
by transmission electron microscopy
(TEM) of ciliary ultrastructure. This
testing has limitations, including a risk of

false-negative results in about 30% of PCD
cases (2). New PCD gene discovery has
increased the sensitivity of genetic testing,
and nasal nitric oxide (nNO) testing has
provided a noninvasive way to identify
individuals with compatible PCD
phenotypes. However, these diagnostic
tests should be considered only for

Table 1. Recommendations for stakeholders (patients, clinicians, and healthcare policy
makers)

Implications
for:

Strong Recommendation Conditional Recommendation

Patients Most individuals in this situation
would want the recommended
course of action and only a small
proportion would not.

The majority of individuals in
this situation would want the
suggested course of action,
but many would not.

Clinicians Most individuals should receive
the intervention. Adherence to
this recommendation could be
used as a quality criterion or
performance indicator. Formal
decision aids are not likely to be
needed to help individuals make
decisions consistent with their
values and preferences.

Recognize that different choices will
be appropriate for individual
patients and that you must
help each patient arrive at a
management decision consistent
with his or her values and
preferences. Decision aids may
be useful in helping individuals to
make decisions consistent with
their values and preferences.

Policy makers The recommendation can be
adopted as policy in most
situations.

Policy making will require
substantial debate and
involvement of various
stakeholders.
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At least 2 of the 4 key clinical features for PCD:
Unexplained neonatal respiratory distress in term infant
Year-round daily cough beginning before 6 months of age
Year-round daily nasal congestion beginning before 6 months of age
Organ laterality defect

Yes

Yes to both
(preferred pathway)

Pursue additional corroborative
PCD testing:¶

- Extended genetic panel testing
  (first line)
- TEM of ciliary ultrastructure

Unlikely PCD diagnosis
Pursue genetic testing

if strong clinical features§

No to either

No PCD Unlikely

Access to nNO testing (with chemiluminescence device and standardized protocol) at specialty center
AND cooperative patient ≥5 years old, capable of performing nNO testing maneuver  

Nasal nitric oxide measurement*

Low nNo level Normal nNo level
Biallellic pathogenic

variants in PCD-
associated gene

Diagnosis of PCD

Single pathogenic
variants in PCD-
associated gene#

No pathogenic
variants in PCD-

associated genes#

Extended genetic testing panel†

Diagnosis of PCD,
if CF is excluded.

- Advise repeat nNO to
verify low value‡

Normal ciliary
ultrastructure

Electron microscopy of ciliary ultrastructure

PCD Still PossibleΔ

Recognized ciliary
ultrastructural

defectII

Diagnosis of PCD

Inadequate sample or
indeterminate

analysis

Unknown
Consider repeat TEM

or referral to PCD
specialty center

Figure 1. Suggested diagnostic algorithm for evaluating the patient with suspected primary ciliary dyskinesia (PCD). *Cystic fibrosis (CF) should be
ruled out before performing nasal nitric oxide (nNO) measurement, as roughly one-third of patients with CF can have nNO values below PCD diagnostic
cutoffs. nNO measurements should only be performed with chemiluminescence analyzers using standardized protocols at centers with specific
expertise in nNOmeasurements. Some nNO analyzers have not received approval from federal agencies worldwide (U.S. Food and Drug Administration and
Health Canada have not approved all chemiluminescence devices for clinical use), which may have implications for clinical implementation. †Genetic
panels testing for mutations in more than 12 disease-associated PCD genes, including deletion/duplication analysis. ‡As nNO levels can be significantly
decreased by viral respiratory tract infections, a repeat nNO measurement, at least 2 weeks after the initial low value (expert opinion), is recommended
to ensure that the initial low value is not secondary to a viral process. A normal nNO value on repeat testing suggests that the patient does not have
PCD, as nNO values remain consistently low in PCD. xMost forms of PCD resulting in normal nNO levels have normal or nondiagnostic electron microscopy
studies. Thus, genetic testing is recommended in these cases. #Variants of unknown significance also require further work-up. For the purposes of the
algorithm, “likely pathogenic” variants and “pathogenic” variants or grouped together as pathogenic. ¶Additional corroborative testing may provide
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those individuals with at least two of
the following key clinical features of
PCD: year-round daily wet cough,
year-round daily nasal congestion,
neonatal respiratory distress despite
term birth, or organ laterality defects.

PCD Genetic Testing

d In patients presenting with a strong
clinical phenotype for PCD, we suggest
using an extended genetic panel as a
diagnostic test over TEM ciliary testing
and/or standard (<12 genes) genetic panel
testing (Conditional recommendation,
Moderate certainty of evidence in test
accuracy but very low certainty in overall
evidence).

A multicenter prospective study
evaluated 534 children for whom there was a
high suspicion for PCD (3). In this study,
38% of the children had “definite PCD,”
defined as two pathogenic variants in a PCD
gene and/or hallmark ultrastructural ciliary
defects on TEM. Among children with
definite PCD, 80% had pathogenic variants
within the 26-gene panel and 20% did not
(i.e., they had ultrastructural ciliary defects
on TEM only), indicating a sensitivity
of 80% and false-negative rate of 20%.
Interpretation of the study results was
complicated by the children who had
clinical features of PCD and low nNO
measurements but no abnormalities on the
gene panel or TEM. Such children were
considered true-negative results, but the
guideline committee concluded that many
of those children likely had PCD and, if they
had been included as false-negative results,
the sensitivity would have been 47% instead
of 80%.

Despite uncertainty in the actual
sensitivity of extended genetic testing, the
guideline committee considered new
developments that would have likely
increased the sensitivity of extended genetic
testing. Specifically, new genes have
continued to be discovered, with most
commercial panels now testing more than
35 genes, including reflex deletion/
duplication analysis. The panel also

considered the challenges of the alternative,
TEM. Ciliary biopsy for TEM analysis is
difficult to perform, with one academic
center reporting that 37% of cases failed to
obtain an adequate sample for TEM analysis
(4); even expert centers must repeat ciliary
biopsies for adequate TEM analysis in 11%
to 22% of cases (5, 6). Furthermore, several
new pathogenic PCD gene variants have
been identified with normal or near-normal
TEM studies.

Extended genetic testing has
limitations. These include the risk of false-
negative results due to new genes yet to be
discovered, the need for verification of
causative mutations in trans, the risk of
variants of unknown significance, and the
cost of genetic testing.

nNO Testing

d In cooperative patients 5 years of age or
older with a clinical phenotype consistent
with PCD and with cystic fibrosis
excluded, we suggest using nNO testing
for the diagnosis of PCD over TEM
and/or genetic testing (Conditional
recommendation, Moderate certainty in
test accuracy but very low certainty in the
overall evidence).

In cooperative patients with PCD (>5
years old), nNO is known to be reproducibly
low (,77 nl/min) (7). A meta-analysis of 12
studies including 1,432 subjects (524 with
PCD and 908 without PCD) compared nNO
testing with the diagnostic standards of
TEM alone or TEMwith genetic testing. The
analysis found nNO testing had a sensitivity
of 97.5% and a specificity of 96.4% (8).
Moreover, nNO was highly feasible, with
successful measurements obtained in more
than 90% of the subjects.

In a prospective cohort study, nearly
one-fourth of patients with PCD symptoms
and low nNO had negative extended genetic
panel tests and normal or nondiagnostic
TEM studies (3). Therefore, in some patients
with PCD symptoms, repeatedly (at least
twice) low nNO values may be the only
positive diagnostic test. Regardless, the
guideline authors recommend that

diagnostic nNO testing should be followed
up with genetic tests and/or TEM (if not
already performed) to improve the general
understanding of the disease and for the
development of future mutation-specific
therapies.

The authors caution readers about
several aspects of nNO testing for PCD.
First, there is a lack of long-term patient-
centered outcome data for children
diagnosed by nNO alone. Second, cystic
fibrosis needs to be ruled out before
completing nNO testing. Third, nNO testing
needs to be repeated on at least two separate
occasions, because viral infections can cause
transient decreases in nNO values. Fourth,
nNO testing should only be performed
via standardized protocols using
chemiluminescence devices at PCD
specialty centers.

High-Speed Video Microscopy

d We suggest not using ciliary beat pattern
(CBP) analysis by high-speed video
microscopy (HSVM) as a replacement
diagnostic test in patients with a high
probability of having PCD (Conditional
recommendation, Low certainty in the
diagnostic accuracy of the test but very low
certainty in the overall evidence).

HSVM is used in specialized
laboratories to diagnose PCD by assessing
the ciliary beat frequency (CBF) and/or
CBP. Four cross-sectional studies,
including 794 patients in total, have shown
excellent sensitivity and specificity but with
wide confidence intervals suggesting
center-to-center variability (9–12). Three
of the four studies (accounting for 95%
of the patients) were reported from two
centers in the United Kingdom, and results
demonstrated greater diagnostic accuracy
than in a small, single-center study done
outside the United Kingdom. Cellular
regrowth of ciliated tissue samples has
been strongly suggested to improve
ciliary functional assessment, but
significant technical expertise is required
for cultures to succeed, and manipulation
of tissue can affect CBP (11–13). As such,

Figure 1. (Continued). information on clinical prognosis and further understanding of the disease and suggest potential future therapeutic consideration.
ǁKnown disease-associated transmission electron microscopy ultrastructural defects include outer dynein arm plus inner dynein arm (IDA) defects, IDA defects
with microtubular disorganization, and absent central pair, identified using established criteria (1, 6, 13). Of note, the presence of IDA defects alone is rarely
diagnostic for PCD .ΔUp to 30%of PCD cases can have normal ciliary ultrastructure of electronmicroscopy (EM). Consider referral to PCD specialty center if there
is a strong clinical phenotype but all EM and genetic testing are negative. TEM = transmission electron microscopy. Reprinted by permission from Reference 1.
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conducting HSVM requires considerable
training and expertise, and thus its broad
clinical applicability is restricted, especially
considering the lack of standardization in
the evaluation from center to center.

Ciliary Beat Frequency and
Waveform Analysis
without HSVM

d We suggest not using CBFmeasurement as
a diagnostic test in patients with a high
probability of having PCD (Conditional
recommendation, Low certainty in the
diagnostic accuracy of the test but very low
certainty in the overall evidence). No
recommendation could be made regarding
the use of ciliary waveform analysis
without HSVM as a diagnostic test for
PCD, because no studies using currently
recognized reference standards were
identified by our systematic review.

The authors recommended against
using CBF without HSVM to diagnose PCD
because of evidence suggesting lower
sensitivity and specificity than TEM (10, 11,
14). Importantly, a subset of patients with
genetically confirmed PCD have normal
CBF, further decreasing its diagnostic utility
(15). As no relevant studies met inclusion
criteria for review, the authors did not
make a recommendation about the use of
ciliary waveform analysis without HSVM,
although they did recognize the lack of

any confirmatory studies for this technique
since its introduction more than two
decades ago.

Although standard light microscopy
is comparatively low cost and readily
available, the authors advocated against
its use as a PCD diagnostic test on the
basis of concern for high false-negative
rates using CBF and the consequences
for individuals lacking PCD diagnosis
confirmation. The authors encouraged
referral to specialized centers with
expertise in other validated PCD
diagnostic testing modalities. In addition,
use of TEM or genetic testing over
CBF may differentiate subphenotypes,
ultimately better informing prognosis
and future customized treatment
options.

Diagnostic Algorithm

The authors recommended the following
tests be used in confirming PCD diagnosis
in patients with a strong clinical phenotype:
nNO testing, genetic testing, and ciliary
ultrastructure analysis by TEM. An
algorithm was proposed to guide clinicians
in the order of tests to obtain when
pursuing PCD diagnosis (Figure 1).
Clinicians were urged to identify a strong
clinical phenotype with at least two of
four key clinical features of PCD during
patient evaluation before going forward
with PCD diagnostic testing.

In cooperative patients 5 years of age or
older, nNO testing with chemiluminescence
technology using a standardized protocol at
a specialty center is recommended as first-
line testing. In patients with repeatedly low
nNO levels and in whom cystic fibrosis has
been excluded, a diagnosis of PCD can be
made, but it is recommended that
subsequent corroborative TEM and/or
extended genetic testing be obtained for
further PCD phenotyping. In the case of
normal nNO testing, extended genetic
testing should be obtained only if strong
clinical features were noted. In settings
where nNO testing is inappropriate or
unavailable, extended genetic testing is
recommended as first-line testing. If
biallelic, pathogenic variants in a single,
known PCD-causing gene are identified,
PCD diagnosis would be confirmed. If only
one pathogenic variant or no pathogenic
variants in a single, known PCD-causing
gene are identified, further evaluation of
ciliary ultrastructure by TEM is recommended.
A recognized ciliary ultrastructural defect
confirms the PCD diagnosis. Inadequate ciliary
sampling or indeterminate analysis does not
confirm a diagnosis, and additional PCD
specialty center referral may be warranted. The
authors reiterated that normal ciliary
ultrastructure is found in some patients with
PCD and that emerging diagnostic techniques
may alter this algorithm in the future. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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