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Title: 

Nasal nitric oxide as a screening test for primary ciliary dyskinesia: a systematic review and 

meta-analysis  

Background: 

Decreased nasal nitric oxide (nNO) in primary ciliary dyskinesia (PCD) patients was first 

described in 1994 [1] and has subsequently been recommended as a screening test in the 

diagnosis of PCD [2]. A survey preceding the guidelines found that  nNO was used in only 

46% of European PCD centres [3].  A number of studies have investigated the accuracy of 

nNO in differentiating PCD patients from healthy controls.   

The current European guidelines for diagnosis of PCD include high frequency video analysis 

of ciliary beat frequency and pattern and transmission electron microscopy (TEM) of cilia 

ultra-structure[2]. Supplementary diagnostic tests include immunofluorescence, radioaerosol 

mucociliary clearance, EM tomography and genotyping. All investigations are time 

consuming, technically demanding and only available in specialist centres.  Accurate 

screening tests for PCD are therefore needed to rationalise referral for full diagnostic testing. 

 

Aims: 

Our aim was to consider the effectiveness of measurement of nNO as a screening tool for 

PCD by reviewing:   

1. nNO measured in PCD patients compared to healthy and disease control groups using 

stationary analysers during a velum closure technique (as recommended in the ATS/ 

ERS guidelines [2]) including a meta-analysis. 

2. Nasal NO in patients with atypical PCD (normal electron microscopy). 

3. Different respiratory manoeuvres during measurement of nNO that are in clinical use 

including breath holding, velum closure by forced expiration against resistance, tidal 

breathing and humming . 

4. Measurement of nNO in young children (<5 years) including those unable to co-

operate with respiratory manoeuvres.  

5. Reliability of handheld NO analysers for screening for PCD in comparison to 

stationary chemiluminescence analysers. 

 

 

PICO 

Patient Population 

Patients with a diagnosis of primary ciliary dyskinesia (with and without EM defects).   

 All age groups 

 Pre-school children and infants  

 

Intervention 

Measurement of nasal nitric oxide using 

1. Stationary chemiluminescence analysers. 

2. Hand-held analysers 

3. Different respiratory manoeuvres (e.g. breath hold with velum closure, tidal 

breathing). 

 

Comparator 
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1. PCD positive patients compared to healthy controls, patients with cystic fibrosis and 

other respiratory disease groups. Using stationary analyser during breath hold 

manoeuvre. 

2. PCD patients with ultra-structural defect in comparison to PCD patients with normal 

ultrastructure by TEM. 

3. Within-patient comparison of different respiratory manoeuvres during nNO 

measurement (e.g. breath hold plus velum closure, tidal breathing, humming). 

4. Pre-school children/ infants with PCD in comparison to healthy control preschool 

children/ infants.  

5.  Within patient comparison of chemiluminescence stationary devices and handheld 

devices. 

Outcome 

Discriminatory value of nNO as a screening test for PCD. 

Search strategy 

The following electronic databases will be searched: MEDLINE, EMBASE, PreMEdline In-

Process & Other Non-Indexed citation, Web of Knowledge Science Citation Index (SCI), 

Web of Knowledge ISI Proceedings and Cochrane Systematic Reviews Database. Additional 

references will be sought through citations listed in the identified studies. The OVID search 

strategy is given below; 

1. exp ciliary dyskinesia, primary/ 

2. exp ciliary motility disorders/ 

3. exp kartageners syndrome/ 

4. "primary ciliary dyskinesia".ti,ab. 

5. 1 or 2 or 3 or 4 

6. nitric oxide/du 

7. (nasal adj5 nitric oxide).ti,ab. 

8. 6 or 7 

9. 5 and 8 

10. remove duplicates from 9 

11. limit 10 to humans 

12. (editorial or comment or letter).pt. 

13. 11 not 12 

 

 

Inclusion/Exclusion Criteria 

Study selection 

 Studies that evaluated nNO in adults or children with PCD will be included.  

 All study designs will be included, but reviews, opinion papers, non-research articles 

and editorials will not.  

 There is no gold standard diagnostic test for PCD, and studies where PCD had been 

confirmed by any of the methods recommended in the ERS Consensus guidelines [2] 

will be included.   

 Details of measuring nNO will be required for inclusion (analyser, sampling flow rate, 

and breathing manoeuvre) with all methods of measuring nNO considered acceptable.  

 Conference proceedings will be excluded if full data was later published in 

manuscript form.  

 All selected studies will be included in a narrative synthesis of the literature, but only 

studies where suitable data were reported will be included in the meta-analysis.  
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 Two reviewers (SAC and JSL) will independently review titles and abstracts for 

eligibility.  

 Full text versions will be reviewed independently for eligibility.  

 Discrepancies will then be discussed and final choice of papers agreed. 

 

 Data to be extracted and tabulated by SAC and quality assessments performed using 

QUADAS checklist points for studies of diagnostic tests [4] without applying a 

formal scoring system [5].  

 Extracted data to include patient characteristics, details of comparator participants, 

details of nNO analyser, sampling rate, sampling manoeuvre and nNO data. 

Summary - 

Inclusion 

 Original research reporting nasal nitric oxide (nNO) levels in primary ciliary 

dyskinesia patients 

 Reliable diagnostic methods used to identify PCD patients 

 Sampling technique and respiratory manoeuver described. 

 Manufacturer of NO analyser and sampling flow rate reported 

 Age range given 

 Method of confirmation of PCD diagnosis reported 

Exclusion 

 Conference proceedings or other preliminary reports where data have 

subsequently appeared in a published research paper 

 Lack of detail on nNO measurement (e.g. analyser, respiratory manoeuvre) 

 Studies excluded from meta-analysis where mean and standard deviation not 

given 

 No age range given 

 Method of PCD diagnosis not given or inadequate testing performed 

 

Additional criteria for each aim – 

Aim 1: Inclusion – study reporting nNO values for PCD patients using stationary 

chemiluminescence analyser with a velum closure technique 

Aim 2: Inclusion: study reporting nNO in PCD patients with and without 

ultrastructural defects on EM testing. 

Aim 3: Inclusion – study reporting nNO levels by a manoeuvre other than solely 

velum closure 

Aim 4: Inclusion– study reporting nNO levels in pre-school children (<5 years) 

Aim 5: any study reporting nNO measurements in PCD patients via a handheld 

analyser 

 

Assessment of quality 

Modified QUADAS criteria will be used [4], however formal scoring will not be used in 

accordance with current recommendations [5]. 

1. Did the PCD group have their method of diagnosis clearly documented? 

2. Did the authors state how these PCD patients and the comparator groups were 

selected (e.g.  were these consecutive referrals)? 

3. Was the method of nNO sampling stated including equipment used, sampling rate and 

manoeuvre (e.g. oral exhalation, breath hold) 
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4. Were nNO testers blinded to which group the patient was in (PCD, healthy etc.)? 

5. Was the nNO measured via commercially available analyser using a procedure in line 

with the current recommendations at the time (e.g. ATS/ERS 1997 or 2005 

guidelines)? 

6. Did the study report subjects that were unable to perform nNO measurements? 

7. Were the ages of PCD and comparator groups appropriately described? 

 

Statistical analysis 

Within aim 1 we will perform a meta-analysis of the mean difference in nNO between PCD patients 
and healthy controls, and between PCD patients and CF patients.  The meta-analysis will use a 
generalised inverse variance as is customary for a continuous outcome [6]. Degree of heterogeneity 
will be assessed and if there is a moderate or high degree (I2 greater than 25%) then a random 
effects model will be used (otherwise fixed effects will be used).   

Manuscripts not suitable for meta-analysis will be included in the narrative synthesis 

where appropriate. 
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Appendices; Table headers for systematic review 

Table 1: Initial screen of papers (review of titles and abstracts) 

Author,  

Title,  

Reference, 

 Inclusion/ exclusion (reason) 

 

Table 2:  Eligibility screen of papers (review of full manuscript) 

Author,  

Title,  

Reference, 

 Inclusion/ exclusion (reason) 

 

Table 2: QUADAS assessment 

Publication reference 

PCD diagnostic testing Y/N 

Comparator groups defined Y/N 

nNO sampling described (sampling rate, manoeuver) Y/N 

Analyser details Y/N 

Missing data Y/N 

Ages of participants provided Y/N 

 

Figure PRISMA 

Template PRISMA Flow Diagram: Moher D, Liberati A, Tetzlaff J, Altman DG, The 

PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-

Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. 

doi:10.1371/journal.pmed1000097) 


