& Thieme

Nasal Nitric Oxide Measurement and a Modified PICADAR Score
for the Screening of Primary Ciliary Dyskinesia in Adults with

Bronchiectasis

Messung des nasalen Stickstoffmonoxids und ein modifizierter
PICADAR-Score als Screening fiir primar ciliére Dyskinesie in

Erwachsenen mit Bronchiektasen

Authors

J. Rademacher?, A. Buck, N. Schwerk?, M. Price?, . Fuge3, T. Welte'-3, F. C. Ringshausen'-3

Institutions

1 Department of Respiratory Medicine, Hannover Medical
School

2 Clinic for Paediatric Pneumology, Allergology and
Neonatology, Hannover Medical School

3 Biomedical Research in Endstage and Obstructive Lung
Disease Hannover (BREATH), German Center for Lung
Research (DZL), Hannover, Germany

received 28.3.2017
accepted after revision 23.5.2017

Bibliography

DOI https://doi.org/10.1055/s-0043-111909 |
Pneumologie 2017; 71: 543-548

© Georg Thieme Verlag KG Stuttgart - New York
ISSN 0934-8387

Corresponding author

Jessica Rademacher, Dept of Respiratory Medicine,
OE 6870, Hannover Medical School,
Carl-Neuberg-Strasse 1, 30625 Hannover, Germany
rademacher.jessica@mh-hannover.de

ABSTRACT

Background Determining the underlying diagnosis is es-
sential for the targeted and specific treatment of bron-
chiectasis. Primary ciliary dyskinesia (PCD) is a rare genetic
disease, which is characterized by abnormalities in ciliary
structure and/or function and which may result in bron-
chiectasis. The disease is probably underestimated among
adults with bronchiectasis due to the fact that extensive di-
agnostic testing is required and that the recognition of PCD
is low.

Objective To evaluate a feasible screening algorithm for
PCD among adults with bronchiectasis.

Methods Data from all patients who presented to our
bronchiectasis outpatient clinic from June 2010 until July
2016 were retrospectively analysed from our database.
Nasal NO (nNO) and a modified PICADAR score (Primary
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CiliAry DyskinesiA Rule) were measured and compared in
the two groups of PCD-bronchiectasis and non-PCD-
bronchiectasis.

Results 185 of 365 patients (75 males, 110 females) had a
sufficient measurement of nNO concentration and com-
plete clinical data and were eligible for analysis. The mean
(SD) nNO concentration in nL/ml was significant lower in
the PCD group compared to the non-PCD group (25 [31]
and 227 [112] nL/min, respectively; p<0.001). A nNO level
of 77 nL/min had the best discriminative value to differenti-
ate between the two groups. Patients with PCD had a signi-
ficant higher modified PIDACAR score than patients with-
out PCD (5 [2] and 1 [1], respectively [p<0.001]). Using
ROC curve analysis, the modified PICADAR score of 2 had
the best discriminative value with a sensitivity of 1.00 and
a specificity of 0.89.

Conclusions Low nNO concentration and the modified
PICADAR score are suitable and cheap screening tests for
PCD in adults with bronchiectasis.

ZUSAMMENFASSUNG

Hintergrund Um Patienten mit Bronchiektasen gezielt
und effektiv therapieren zu kénnen, ist es notwendig die
zugrunde liegende Atiologie zu kennen. Die primir cilidre
Dyskinesie (PCD) ist eine seltene genetische Erkrankung
mit Verdnderungen in der Zilienstruktur und/oder -funk-
tion, welche zu Bronchiektasen fithren kann. Da die Diag-
nostik aufwendig, nur selten verfiigbar und teuer ist, wird
die PCD als Atiologie fiir Bronchiektasen zum Teil erst spit
erkannt und ist wahrscheinlich unterdiagnostiziert.
Zielsetzung Evaluierung eines einfachen Screeningverfah-
rens fiir PCD in Patienten mit Bronchiektasen.

Methoden Es wurden retrospektiv die Daten aller Patien-
ten mit Bronchiektasen in der Spezialambulanz der Medizi-
nischen Hochschule Hannover von Juni 2010 bis Juli 2016
analysiert. Das nasale NO (nNO) und der modifizierte
PICADAR-Score (Primary CiliAry DyskinesiA Rule) wurden
gemessen und in den zwei Gruppen PCD-Bronchiektasen
und Nicht-PCD-Bronchiektasen verglichen.
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Ergebnisse 185 von 365 Patienten (75 Manner, 110
Frauen) hatten eine suffiziente nNO-Messung sowie voll-
standige klinische Daten und konnten in die Analyse einges-
chlossen werden. Der Mittelwert (SD) der nNO-Konzentra-
tion in nL/ml war signifikant niedriger in der PCD-Gruppe
im Vergleich zu Nicht-PCD-Patienten (25 [31] und 227
[112] nL/min; p<0,001).Ein nNO von 77nL/min ist der beste
diskrimitative Wert um zwischen diesen beiden Gruppen zu
unterscheiden. Patienten mit PCD zeigten einen signifikant

hoheren PICADAR score als Patienten ohne PCD (5 [2] und 1
[1], (p<0,001)). Der beste diskrimitative Wert des modifi-
zierten PICADAR-Scores lag bei 2 mit einer Sensitivat von
1,00 und einer Spezifitdt von 0,89.

Schlussfolgerung Die Kombination aus niedrigem nNO
und ein hoher modifizierter PICADAR-Score ist ein einfacher
und kostengtinstiger Screeningtest auf PCD bei Patienten
mit Bronchiektasen.

Introduction

Bronchiectasis is a potentially progressive chronic condition
related to permanent and abnormal widening of the airways. It
may cause chronic cough and copious sputum production, hae-
moptysis and shortness of breath [1]. There are various aetiolo-
gies, which may result in bronchiectasis, including postinfec-
tive, chronic obstructive pulmonary disease, connective tissue
disease, immunodeficiency, and inherited disorders such as pri-
mary ciliary dyskinesia (PCD) [2]. Recently, it has been shown
that the burden of bronchiectasis is continuously increasing in
UK and German healthcare systems [3-5].

PCD is an autosomal recessive inherited disease with struc-
tural and/or functional abnormalities of respiratory cilia leading
to abnormal or absent beating of the cilia, impairment of mu-
cociliary clearance and subsequent damage of the upper and
lower airways due to chronic infection and inflammation [6].
When accompanied by situs inversus and chronic sinusitis, this
disease is known as Kartagener syndrome. Among subjects with
bronchiectasis 1-18% have an underlying diagnosis of con-
genital condition including PCD. It is suspected that this dis-
ease is underrecognized [7-9]. Knowledge of PCD as the
aetiological diagnosis underlying bronchiectasis is of particular
importance due to possible upcoming targeted therapies such
as inhaled inhibitors of the epithelial sodium channel (ENaC),
the emphasis of physiotherapy, rehabilitation and consequent
treatment of upper airway complications. To know the diagno-
sis of PCD is also important for the necessity for genetic coun-
selling and the risk of infertility in male patients.

Nitric oxide (NO) is a highly reactive gaseous molecule with
numerous signalling roles within the airways [10]. Nasal con-
centration of NO (nNO) is markedly reduced in PCD patients
and is now widely used as a screening test for PCD [6,11]. Ex-
haled NO (FeNO) from the lower airway is also low in PCD but
is less specific at differentiating between PCD and healthy con-
trols [12,13]. The majority of studies indicate that more than
95% of PCD patients have very low nNO, confirming its suitab-
ility as a screening test [14].

Early diagnosis and treatment of PCD may reduce long-term
pulmonary morbidity and prevent the development of severe
bronchiectasis [8, 15]. The most important clinical features are
neonatal respiratory distress, early onset rhinosinusitis, persist-
ent serous otitis media, chronic wet cough, male infertility and
abnormal organ situs like situs inversus and heterotaxy syn-
drome [8, 16]. It is important to be aware of this red-flag symp-
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toms that warrant testing for PCD. PICADAR (Primary CiliARy
DyskinesiA Rule) is a recently published and validated predic-
tive diagnostic tool for determining the likelihood of an indi-
vidual daily wet cough that started in early childhood having a
diagnosis of PCD [17]. PICADAR includes a number of predic-
tors based in early life, which are difficult to recall in adulthood.
So far, there are limited data for PCD screening tests among
adults with bronchiectasis. In our opinion, every symptomatic
adult with bronchiectasis requires a comprehensive diagnostic
work-up including screening for PCD in order to identify treat-
able traits as well as associated conditions and/or complication
that impact disease management. However, around the globe
there are only a few specialist diagnostic centres for PCD.
Thus, we collected nNO levels in 185 patients from our dedi-
cated Adult Bronchiectasis Clinic at Hannover Medical School
(MHH) and used a modified PICADAR score in these patients to
look whether a combination of these easily performed tests
could serve as a useful predictive diagnostic tool for PCD.

Methods
Study design and population

All patients who presented to our bronchiectasis outpatient
clinic from June 2010 to July 2016 were analysed. All patients
were clinically stable at the time of measurement and none
had any evidence of an acute pulmonary exacerbation such as
new-onset chest pain, increased shortness of breath or chan-
ging of sputum volume. Nasal NO and the modified PICADAR
score (Situs inversus, neonatal respiratory distress, congenital
cardiac defect, chronic rhinosinusitis, chronic ear and hearing
symptoms) [17] were extracted from our database and com-
pared in the two groups of probable or definite PCD bronchiec-
tasis and non-PCD bronchiectasis. Bronchiectasis was con-
firmed by computed tomography scan of the chest according
to established criteria [18]. All patients had undergone an ex-
tensive work-up in accordance of the BTS guidelines to deter-
mine the cause of their bronchiectasis including HRCT scan of
the chest, spirometry, blood test (full blood count, CRP, Serum
immunoglobulins (G, A, M) and serum electrophoresis, serum
IgE, IgE to Aspergillus fumigatus or skin prick testing to Asper-
gillus), test for cystic fibrosis if indicated, sputum [19]. Indi-
viduals were classified as having a definite, probable, and
possible or no PCD diagnosis, similar as previously described
[20]. Patients who fulfilled the following diagnostic criteria
had a diagnosis of definite PCD: 1) clinical presentation consis-
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tent with PCD and 2) consistent findings specific for PCD by at
least two methods (high-frequency video microscopy analysis
(HVMA), transmission electronic microscopy (TEM), immuno-
fluorescence microscopy (IF), nNO (<200 ppb or 77 nL/min) or
biallelic disease-causing mutations by genotyping. All indi-
viduals with typical clinical symptoms and one abnormal diag-
nostic test were considered to have probable PCD, while all
individuals with typical clinical symptoms (bronchiectasis), but
no clearly abnormal test were considered to have no PCD (non-
PCD group).

Nasal nitric oxide measurements

The method of nNO measurement was based on the 2005 Amer-
ican Thoracic Society, European respiratory society ATS/ERS
recommendations [21]. Nasal NO was measured by a chemilu-
minescence analysis detecting NO at concentrations from 1 to
5000 parts per billion (ppb) by volume, adapted for on-line re-
cording of NO-concentration (ECO Medics CLD88sp). Nasal NO
was measured in subjects sitting with a Teflon tube inserted in-
side the nostril ensuring a tight seal. The subject was then asked
to take a deep breath out and close their mouth. Patients were
encouraged to hold each breath for approximately 20 s until the
analyser recorded a plateau in nNO concentrated from the aspi-
rated gas. Two measurements were obtained from each patient
using the same nostril and the mean nNO reading was recorded.

Modified PICADAR

Data from all patients were retrospectively analysed from our
database. We modified the original PICADAR score [17] because
itincludes predictors based in early life which are particularly dif-
ficult to recall in adulthood. Therefore, we modified the score
and skipped “gestational age” and combined “admittance to a
neonatal unit” and “neonatal chest symptoms” to any “neonatal
respiratory distress”. Neonatal respiratory distress included any
history of respiratory abnormalities during the neonatal period.
Persistent perennial rhinitis and chronic sinusitis were sum-
marised as chronic rhinosinusitis. According to the original
publication situs inversus counts for 4 points. Neonatal respira-
tory distress and congenital cardiac defect count for 2 points,
each. Chronic rhinosinusitis and chronic ear and hearing symp-
toms count for 1 point, each. The range of the modified
PICADAR score was from 0 to 10 points.

Data analysis

The IBM SPSS Statistics (version 24.0, IBM Corp., Armonk, New
York) and STATA (version 13.0, StataCorp, College Station,
Texas) statistical software programs were used to analyse the
data. Comparison of nNO levels between both groups was
performed using non-parametric tests. A two sided p value of
<0.05 was considered statistically significant. Receiver opera-
tor characteristics (ROC) curve using the modified PICADAR
score and for the discrimination of the nNO was calculated
using SPSS.
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Unselected cohort of adults with CT-confirmed
bronchiectasis in adult bronchiectasis clinic
from 06/2010-07/2016,

n =365

Patients with bronchiectasis eligible
(Sufficient nasal NO and complete clinical data),
n=185

Probable PCD  Definite PCD
n=38 n=24

No PCD

n=153
Nasal NO (mean) = 227 nL/min
Modified PICADAR (mean) = 1

Patients with PCD, n = 32
Nasal NO (mean) = 25 nL/min
Modified PICADAR (mean) = 5

» Fig.1 Flow chart.

Results
Demographics

From June 2010 to July 2016 365 patients with CT-confirmed
bronchiectasis were presented to our adult bronchiectasis
clinic. Of these, 185 patients (75 males, 110 females) had a suf-
ficient nasal NO level and complete clinical data and were eligi-
ble for analysis (» Fig.1). Sufficient nasal NO means that the
test is performed correctly. Patient demographics are shown in
» Table 1. Situs inversus was seen in 10 of 32 patients with PCD
(Kartagener syndrome). The performed PCD investigations in-
cluded HVYMA in 29 patients, TEM in 16 patients, IF in 6 patients
and genetic analysis in three patients. In summary, 24 patients
had a definite diagnosis of PCD and 8 patients had a probable
diagnosis of PCD, while 153 subjects were considered to have
no PCD.

Nasal NO

The mean (SD) in nNO levels was significantly lower in the PCD
group with 25 [31] and 227 [112] nL/min in the non-PCD
group, respectively (p<0.001). Using ROC curve analysis a
nNO level of 77 nL/min had the best discriminative value (data
not shown). Two patients with definite PCD had a nNO con-
centration >77nL/min and 5 patients without PCD had nNO
levels <77 nL/min. Of those, three had undergone prior sinus
surgery.
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> Table 1 Characteristics of the patient cohort (n=185).

non-PCD PCD

Number, n (%) 153 (83) 32(17)
Age, mean (SD) 55 (16) 32(12)
Sex, n (%)

Male 62 (41) 13 (41)

Female 91(59) 19(59)
Underlying etiology, n (%)

Primary ciliary dyskinesia 32(17)

Idiopathic 69 (37)

Asthma/ABPA 25(13)

Immunodeficiency 9(5)

Post-infectious 15(8)

Connective tissue disease 8(4)

COPD/emphysema 16 (9)

CFTR-related disorder 6(3)

Other (including Swyer James 5(3)

syndrome, Hyper-IgE syndrome,

Young’s syndrome, aspiration,

Crohn’s disease)
FEV1% predicted, mean (SD) 69 (30) 66 (24)
FVC% predicted, mean (SD) 92 (25) 84 (20)
Body mass index, mean (SD) 24 (5) 23 (3)
MRC dyspnea scale, mean (SD) 2(1) 1(1)
Smoking behavior, n (%)

Active-smoker 5(3) 0(0)

Ex-smoker 48 (32) 5(16)

Never smoked 100 (65) 27 (84)
Exacerbations, median (range) 1(0-12) 2(0-9)
Hospitalizations, median (range) 0(0-10) 0(0-4)
Bronchiectasis Severity Index

Mild (0-4), n (%) 41(27) 11(34)

Moderate (5-8), n (%) 43 (28) 9(28)

Severe (29), n (%) 69 (45) 12 (35)
Chronic airway infection with PA, 34(22) 8(25)
n (%)

PICADAR

The modified PICADAR score is shown in » Table2. The mean
(SD) of modified PICADAR was significantly higher in the PCD
group with 5 [2] compared to 1 [1] in the non-PCD group,
respectively. The receiver operator characteristic (ROC) curve
using the modified PICADAR symptom score as a diagnostic
tool in PCD is shown in » Fig.2. Using ROC curve analysis, a
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» Table2 The PICADAR (Primary CiliAry DyskinesiA Rule) (maximum
14 points) and the modified PICADAR score for adults (maximum
10 points).

PICADAR Modified
PICADAR

Situs abnormality 4 points 4 points
Full term born 2 points
Chest symptoms in the neonatal 2 points
period
Admitted to a neonatal unit 2 points
Any neonatal respiratory distress 2 points
Congenital cardiac defect 2 points 2 points
Chronic rhinosinusitis 1 point 1 point
Chronic ear and hearing 1 point 1 point
symptoms

1.00 /

0.75
=
=
£ 0.50
c
[
(%]

0.25

0.00

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Area under ROC curve = 0.9849 (95% Cl 0.971-0.999)

> Fig.2 Receiver operated characteristics (ROC) curve analysis
showing the diagnostic performance of the modified PICADAR in
distinguishing PCD from other underlying conditions of bronchiec-
tasis.

symptom score of 2 had the best discriminative value with a
sensitivity of 1.00 and a specificity of 0.89.The distribution of
points in the PCD and non-PCD group is shown in » Table 3.

Discussion

Bronchiectasis is a heterogeneous disease with many different
underlying and/or associated conditions. It is essential for tar-
geted and specific treatment to determine the underlying diag-
nosis of bronchiectasis. Only after a comprehensive work-up of
all differential diagnoses it is acceptable to label the disease
idiopathic. We found that nNO and a clinical score of typical
PCD characteristics is a suitable and cheap screening test for
PCD among adults with bronchiectasis.
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> Table3 Modified PICADAR in PCD bronchiectasis compared to
Non-PCD bronchiectasis.

Score PCD bronchiectasis, Non-PCD bronchiectasis,
n (%) n (%)

0 0 81

1 0 55

2 2 9

3 4 6

4 16 1

5 1 1

6 2 0

7 3 0

8 4 0

9 0 0
10 0 0

Nasal NO as a screening test has been described as useful be-
fore [22]. Wodehouse and colleagues found that nNO concen-
trations were significantly lower in PCD than in healthy con-
trols, CF, sinusitis, Young’s syndrome and bronchiectasis [6].
Mean nNO concentrations (SD) in parts per billion (ppb) were
comparable to our results with 64 [36] in the PCD group and
734 [164] in the idiopathic bronchiectasis group.Overall the
sample size of this study was lower, the bronchiectasis patients
were younger and only idiopathic bronchiectasis were included.
Narang et al. evaluated nNO in children and found a compar-
able sensitivity and specificity of 97 %, and 90%, respectively
[13]. Shoemark et al. compared bronchial and peripheral airway
contribution to nNO and exhaled NO in patients with PCD, non-
PCD bronchiectasis and healthy controls. Patients with PCD had
significantly lower exhaled NO concentrations. However, there
was an overlap with normal controls which was not observed
with nNO [23]. It remains unclear and is discussed controver-
sially whether the additional measurement of exhaled bronchial
NO is helpful or not. Hovarth suggested that nNO and exhaled
NO in combination improve the specificity of NO as a screening
test from 93% to 98% [24]. There are two other studies with
conflicting results. Mahut and colleagues described that the
impairment of NO output is less pronounced in the lower than
in the upper respiratory tract in PCD [25]. In our study we de-
cided to evaluate nNO because of better screening test results
in earlier investigations. The results of all earlier studies are
comparable to our results with regard to nNO [6,23,24], but
all earlier studies focused on PCD compared with other condi-
tions. We focused on an unselected cohort of bronchiectasis
patients and differentiated between subjects with bronchiecta-
sis due to PCD and subjects with bronchiectasis but without
PCD.

Establishing the diagnosis of PCD is demanding [26] and di-
agnostics are not available at every institution where bron-
chiectasis patients are managed. The full diagnostic work-up,
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including nNO, HVMA, TEM, IF and genotyping requires a
specific technical set-up available only in one paediatric center
in Germany. In contrast, bronchiectasis in adults is a diagnosis
which is mainly managed in outpatient care by chest physicians
in practice in Germany [5]. Therefore, we modified and evaluat-
ed the recently published PICADAR and compared the results
between the PCD and non-PCD group. Patients with PCD have
characteristic signs and symptoms [8]. Horvath et al. described
clinical characteristics of patients with PCD with neonatal re-
spiratory symptoms (43 %), chronic wet cough (86%), chronic
rhinosinusitis (93 %), recurrent otitis media (79 %), situs inver-
sus (43 %) and infertility (79%) [24]. Several other authors re-
ported similar results [8,27]. PICADAR included children and
adults, but the median age of the derivation group was 9 and
3 in the validation group [17]. It comprises seven predictive
variables including full-term gestational age, admittance to a
neonatal unit, neonatal chest symptoms, situs abnormalities,
congenital cardiac defect, persistent perennial rhinitis, chronic
ear and hearing symptoms. A large proportion of the adult
population does not know their gestational age and what ex-
actly happened at and after their birth, respectively. Therefore
we modified the PICADAR score and skipped the “gestational
age” and combined “admittance to a neonatal unit” and “neo-
natal chest symptoms” to any “neonatal respiratory distress”.
The modified PICADAR score was significantly higher in pa-
tients with PCD (p<0.001). We have no earlier studies to com-
pare our results with. The original PICADAR score had a sensi-
tivity and specificity of 0.90 and 0.75 for a cut-off score of 5
points which is higher than the cut-off score of 2 in our study
[17]. But the highest value was 14 in compare to 10 in our
modified version for adults. In our opinion the additional use
of characteristic signs and symptoms of PCD does not replace
the diagnostic work-ups, but may help to identify patients
with the suspected diagnosis of PCD who should be send to
specialized centers for further evaluation and confirmation of
the diagnosis.

The limitations of our study are its retrospective design. The
sensitivity and specificity may be overestimated because chest
physicians may ask more often for characteristic symptoms in
patients with PCD and thus may miss those in patients without
PCD. Second, evaluation of nNO as a screening tool for PCD was
difficult in our study, because it is used as a diagnostic criteria
for PCD as well. Third, we have a misbalance of the two groups,
what might lead to ramdom error.

In conclusion, a clinical scoring system of characteristic
symptoms of PCD and low nNO production rates/concentra-
tions are useful screening tests for PCD in adults with bron-
chiectasis. Clinicians without the access to the measurement
of nNO should perform the modified PICADAR score in their
adult bronchiectasis patients and refer patients for further in-
vestigation in case of a score 22. PCD is probably underdiag-
nosed and diagnosed too late particularly in countries with low
healthcare expenditure [9]. Further validation of the modified
PICADAR score in the adult bronchiectasis population is war-
ranted. With our findings we hope to contribute to the recogni-
tion of PCD as a relevant and easy to screen potential fatal in-
heritable disease.
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KEY MESSAGES

= PCD is probably underestimated among adults with
bronchiectasis

= There are only a few specialist diagnostic centres for
PCD worldwide

= Nasal NO is a useful screening test

= Aclinical scoring system of characteristic symptoms can
help to screen patients for further investigations

= Further information on http://www.kartagener-syn-
drom.org

ABBREVIATIONS

ENaC Epithelial sodium channel

FeNO Exhaled nitric oxide

HVMA High-frequency video microscopy analysis
nNO nasal nitric oxide

PCD Primary ciliary dyskinesia

PICADAR Primary CiliAry DyskinesiA Rule

TEM Transmission electronic microscopy

IF Immunofluorescence microscopy
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