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Adult cases of late-onset congenital central hypoventilation syndrome and
paired-like homeobox 2B-mutation carriers: an additional case report
and pooled analysis
Aoi Hino,MD1; Jiro Terada,MD, PhD1; Hajime Kasai, MD, PhD1; Hikaru Shojima2; KeikoOhgino,MD, PhD3; Ayako Sasaki MD, PhD4; Kiyoshi Hayasaka,MD, PhD4,5;
Koichiro Tatsumi, MD, PhD1

1Department of Respirology, Graduate School of Medicine, Chiba University, Chiba, Japan; 2School of Medicine, Chiba University, Chiba, Japan; 3Department of Respiratory
Medicine, Kawasaki Municipal Hospital, Kawasaki City, Japan; 4Department of Pediatrics, Yamagata University School ofMedicine, Yamagata City, Japan; 5Department of Pediatrics,
Miyukikai Hospital, Kaminoyama, Japan

Study Objectives: Congenital central hypoventilation syndrome (CCHS) is caused by the paired-like homeobox 2B (PHOX2B) mutation and predominantly
diagnosed during the neonatal period. Although late-onset CCHS and PHOX2Bmutation carriers have been reported, the features of these disease states in adults
remain uncertain. This study aimed to identify the characteristics of adult-onset CCHS and PHOX2B-mutation carriers in adult.
Methods:Wemainly searched the PubMed/Medline and Cochrane Databases and classified our target patients into 2 groups: group A, symptomatically diagnosed
with late-onset CCHS in adulthood; group B, adult PHOX2B-mutation carriers. Then, clinical characteristics, including the onset, treatment, long-term course,
and pattern of the PHOX2B mutation in both groups were analyzed. Additionally, a new adult-case of late-onset CCHS was added to the analysis.
Results: Group A was comprised of 12 patients. The onset triggers of illness included a history of respiratory compromise following general anesthesia and
respiratory tract infections. All patients in group A had 20/25 polyalanine repeat mutations and required some chronic ventilatory support at least during sleep,
including portable positive pressure ventilator via tracheostomy or noninvasive positive pressure ventilation. In these patients with ventilatory support during sleep,
sudden death or poor prognosis was not reported. Group B was comprised of 33 adults from 24 families with PHOX2Bmutations. Nine patients in group B were
confirmed with the diagnosis of CCHS. Although polyalanine repeat mutations 20/25 represented the most common gene mutation, diverse mutations, including
mosaicism, were observed. Hypoventilation of several cases in group B were underdiagnosed by overnight polysomnography without monitoring for CO2.
Conclusion: Alveolar hypoventilation with unknown origin can be caused by the PHOX2B mutation even in adult cases. Both the identification of the PHOX2B
mutation and the incorporation of capnography in polysomnography are important for adult cases with unexplained alveolar hypoventilation or asymptomatic
mutation carriers.
Keywords: congenital central hypoventilation syndrome, PHOX2B, transcutaneous carbon dioxide monitoring, polysomnography, CCHS, late-onset CCHS
Citation:Hino A, Terada J, Kasai H, et al. Adult cases of late-onset congenital central hypoventilation syndrome and paired-like homeobox 2B-mutation carriers:
an additional case report and pooled analysis. J Clin Sleep Med. 2020;16(11):1891–1900.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Although late-onset congenital central hypoventilation syndrome (CCHS) and paired-like homeobox 3B
(PHOX2B)-mutation carriers have been reported in recent years, the characteristics of adult-onset CCHS remain uncertain. Moreover, clinical information
of the PHOX2B-mutation carriers who were identified by familial screening for patients with CCHS is particularly insufficient.
Study Impact: This was the first pooled analysis that evaluated adult-onset CCHS and PHOX2B-mutation carriers in adults. For cases with unexplained
alveolar hypoventilation or the family of proband, both the identification of the PHOX2Bmutation and the incorporation of capnography in polysomnography
are important to improve outcomes, even in adults.

INTRODUCTION

Congenital central hypoventilation syndrome (CCHS) is a rare
and life-threating disorder due to the mutation of the paired-like
homeobox 2B (PHOX2B) gene, presenting as an abnormal
ventilatory response to hypercapnia and hypoxia.1 Most
patients with CCHS are diagnosed with hypoventilation that
requires assisted ventilation during the neonatal period. The
PHOX2B gene, which is located on chromosome 4p12 and
has 3 exons, is a transcription factor that is involved in the
differentiation of the respiratory control system and the

autonomic nervous system.2,3 To date, CCHS studies have
revealed that PHOX2B mutations mainly occur de novo but
can be inherited in an autosomal dominant with variable
penetrance,4 and the mutation patterns (eg, expansion length of
the polyalanine tracts in exon 3) are associated with disease
phenotype or severity.5

Since the American Thoracic Society published and updated
the statement on CCHS,6,7 CCHS and the diagnostic modal-
ity of PHOX2B mutations became of interest to pediatricians,
physicians, and pulmonologists in the following years. Re-
cently, cases diagnosed beyond the newborn period have been
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