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Editorial

Diagnosing Sleep Apnea-Hypopnea Syndrome in Children: Past,
Present, and Future夽
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Obstructive sleep apnea-hypopnea syndrome (OSAHS) is very
prevalent in children and adolescents,1 and short- and long-term
complications are significant, the most important being neurocognitive impairment,2 learning difficulties,3 and cardiovascular and
metabolic changes. Myelination and neural connectivity during
neural development in infancy may be affected by OSAHS, and this
is why an accurate diagnosis of OSAHS is especially important in
this age group.
For decades, however, the diagnosis of OSAHS in children and
adolescents has been problematic. Clinical manifestations and
physical examination are poor predictors of OSAHS.4 Habitual snoring, a cardinal symptom of OSAHS, is a warning sign, but this
symptom alone is insufficient to predict whether the patient is at
risk of developing OSAHS. The difficulty in obtaining an accurate
diagnosis from clinical signs and symptoms is further compounded
by diagnostic recommendations that currently designate nocturnal
polysomnography (PSG) as the gold standard for the diagnosis of
OSAHS in children. While PSG has historically been the technique of
choice in the diagnosis of OSAHS, it presents a series of limitations,
such as restricted availability (not all centers that see children with
OSAHS have access to this test), high cost, more intensive use of
resources, and the need for specialized technicians and physicians
to administer the test and interpret the results, respectively. Waiting lists for PSG vary all over the world, but children with OSAHS
generally wait too long for a diagnosis.
In view of these problems, a number of studies have been
performed in the last 20 years to investigate the validity of different diagnostic tests. These include tonsil size,5 video or audio
recordings, questionnaires,6,7 lateral neck X-ray, pulse oximetry,
cardiorespiratory polygraphy8 and, in recent years, plasma and urinary markers.9 Most of these tests were analyzed in a systematic
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review published by our group a few years ago.4 In this review,
we identified 965 potentially relevant studies that sought to compare other types of test with the gold standard, i.e., PSG, in the
diagnosis of OSAHS in children. Of the 33 studies finally selected,4
only 13 used the currently accepted consensus definition of OSAHS,
namely, an apnea/hypopnea index (AHI) >1.0/h.4 This definition,
however, should be used with caution in older age groups (adolescents) and in groups with special OSAHS phenotypes. As well as
AHI, other factors, such as oxygen saturation, may be useful in the
diagnosis of OSAHS.
The remarkably large number of studies initially identified in
this systematic review is symptomatic of the widespread concern
in the scientific community regarding this topic. However, very
few studies followed the recommended methodology, insofar as
most either failed to compare their diagnostic test with the reference PSG, or used other definitions of OSAHS, and this affected
the accuracy of the diagnosis.4 Of the tests that achieved high
diagnostic accuracy, the most interesting were cardiorespiratory
polygraphy10 and urinary biomarkers.11 Questionnaires and other
simplified tests, such as home video recording, only achieved moderate diagnostic accuracy. The diagnostic yields of lateral neck X-ray
and general physical examination were unacceptable, and these
techniques were subsequently excluded from the meta-analysis.4
Cardiorespiratory polygraphy proved to be a promising test in
the diagnosis of OSAHS in children.4,10 In a systematic review published by our co-author, this test achieved a global diagnostic concordance of 84.9%, which increased to 95% in a subgroup of children
aged 6–14 years.10 This has validated cardiorespiratory polygraphy
performed in the sleep laboratory as a less invasive, more convenient and more cost-effective technique than PSG. Some years
later, this study was followed up with a home-based trial, which
achieved a sensitivity of 90.9% and a specificity of 94.1%.8 Other
more recent studies have confirmed these results using a large
variety of methods, underlining the need for simplified studies.12
Studies performed by our group have shown that signal loss and
artifacts in the cardiorespiratory polygraphy are infrequent, and
93%–94% were correctly interpreted at the first attempt.13 Despite
the reliability of this technique, some limitations must be taken
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Fig. 1. Schematic of a scalable pulse oximetry system using neural network algorithms for the diagnosis of OSAHS in children.

into account, particularly with regard to the high percentage of
false negatives in milder cases. Despite this limitation, there is little doubt that cardiorespiratory polygraphy is a good alternative
if PSG is unavailable,14 and this technique has been accepted by
Spanish guidelines for some years now.15 Nevertheless, some care
must be taken: when results are negative and symptoms persist,
the study should be repeated or a PSG should be performed, if
possible. The American Sleep Academy recently published a consensus that advises against home cardiorespiratory polygraphy
in children; unfortunately, they do not suggest any alternative
solutions.16
Urinary biomarkers achieved the highest diagnostic accuracy in the above-mentioned systematic review.11 Using specific
laboratory techniques, certain molecules could be identified in children with OSAHS (uromodulin, urocortin 3, orosomucoid 1, and
kallikrein) that were not present in the controls. The diagnostic accuracy of these biomarkers was almost identical to that of
PSG (sensitivity and specificity close to 100%).11 We believe these
non-invasive, easily accessible screening techniques are promising and, once they are widely available, will probably constitute
one of the most cost-effective solutions for the diagnosis of OSAHS
in the long term. Biomarkers appear to be particularly useful in
identifying children with OSAHS who are at risk of developing
neurocognitive consequences.17 The ability to predict the consequences of OSAHS is one of the most important benefits of these
type of tests, particularly considering the limitations of PSG in this
respect.
In addition to polygraphy and biomarkers, interest in simple,
single-point tests such as pulse oximetry has recently been revived
after having fallen into disrepute for years. A recent critical review
of the literature18 evaluated criteria and considerations associated
with the use of pulse oximetry, and arrived at the conclusion that
this method is valuable in situations in which PSG or other methods
are not readily accessible. Even so, the main problem with all these
diagnostic techniques lies in their limited scalability. Two different
groups have attempted to overcome this problem and improve
usability, particularly in less expert settings, with very promising
results. A recent multicenter study in 4190 children found that analyzing nocturnal pulse oximetry parameters using an automated
neural network algorithm derived through machine learning and
artificial intelligence approaches had excellent diagnostic sensitivity and specificity.19 The scalability of this new analysis technique

(Fig. 1) has helped pulse oximetry reemerge as a diagnostic tool
that may be useful in screening, particularly in centers with limited
access to sleep studies such as polygraphy or PSG.
In summary, we are impressed by the progress made in OSAHS
diagnostics in children. The use of tests such as polygraphy, pulse
oximetry, and biomarkers, is supported by increasingly solid,
promising evidence. These new techniques can and should be used
to speed up the diagnostic process, since it is clear that children with
OSAHS must not linger on waiting lists resulting in a late diagnosis.
The future has arrived, and it is time to move forward.

Funding
DG receives financial support in his position as the Herbert
T. Abelson Professor of Pediatrics and research funding from the
National Institutes of Health grant no. HL130984.
References
1. Lumeng JC, Chervin RD. Epidemiology of pediatric obstructive sleep apnea. Proc
Am Thorac Soc. 2008;5:242–52.
2. Hunter SJ, Gozal D, Smith DL, Philby MF, Kaylegian J, Kheirandish-Gozal L. Effect
of sleep-disordered breathing severity on cognitive performance measures in a
large community cohort of young school-aged children. Am J Respir Crit Care
Med. 2016;194:739–47.
3. Brockmann PE, Urschitz MS, Schlaud M, Poets CF. Primary snoring in school children: prevalence and neurocognitive impairments. Sleep Breath. 2012;16:23–9.
4. Brockmann PE, Schaefer C, Poets A, Poets CF, Urschitz MS. Diagnosis of
obstructive sleep apnea in children: a systematic review. Sleep Med Rev.
2013;17:331–40.
5. Li AM, Wong E, Kew J, Hui S, Fok TF. Use of tonsil size in the evaluation of
obstructive sleep apnoea. Arch Dis Child. 2002;87:156–9.
6. Spruyt K, Gozal D. Screening of pediatric sleep disordered breathing: a proposed
unbiased discriminative set of questions using clinical severity scales. Chest.
2012;142:1508–15.
7. Villa MP, Paolino MC, Castaldo R, Vanacore N, Rizzoli A, Miano S, et al. Sleep clinical record: an aid to rapid and accurate diagnosis of paediatric sleep disordered
breathing. ERJ. 2013;41:1355–61.
8. Alonso-Alvarez ML, Teran-Santos J, Ordax Carbajo E, Cordero-Guevara JA,
Navazo-Eguia AI, Kheirandish-Gozal L, et al. Reliability of home respiratory
polygraphy for the diagnosis of sleep apnea in children. Chest. 2015;147:1020–8.
9. Gozal D. Serum, urine, and breath-related biomarkers in the diagnosis of
obstructive sleep apnea in children: Is it for real? Curr Opin Pulm Med.
2012;18:561–7.
10. Alonso Alvarez ML, Teran Santos J, Cordero Guevara JA, Navazo Eguia AI, Ordax
Carbajo E, Masa Jimenez JF, et al. Reliability of respiratory polygraphy for the
diagnosis of sleep apnea-hypopnea syndrome in children. Arch Bronconeumol.
2008;44:318–23.

P.E. Brockmann et al. / Arch Bronconeumol. 2018;54(6):303–305
11. Gozal D, Jortani S, Snow AB, Kheirandish-Gozal L, Bhattacharjee R, Kim J,
et al. Two-dimensional differential in-gel electrophoresis proteomic approaches
reveal urine candidate biomarkers in pediatric obstructive sleep apnea. Am J
Respir Crit Care Med. 2009;180:1253–61.
12. Tan HL, Gozal D, Ramirez HM, Bandla HP, Kheirandish-Gozal L. Overnight
polysomnography versus respiratory polygraphy in the diagnosis of pediatric
obstructive sleep apnea. Sleep. 2014;37:255–60.
13. Brockmann PE, Perez JL, Moya A. Feasibility of unattended home polysomnography in children with sleep-disordered breathing. Int J Pediatr
Otorhinolaryngol. 2013;77:1960–4.
14. Villa MP, Pietropaoli N, Supino MC, Vitelli O, Rabasco J, Evangelisti M, et al.
Diagnosis of pediatric obstructive sleep apnea syndrome in settings with limited
resources. JAMA Otolaryngol Head Neck Surg. 2015;141:990–6.
15. Luz Alonso-Alvarez M, Canet T, Cubell-Alarco M, Estivill E, Fernandez-Julian E,
Gozal D, et al. Consensus document on sleep apnea-hypopnea syndrome in
children [full versión]. Sociedad Española de Sueño. El Área de Sueño de la
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