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Role of sleep study in children with Chiari malformation and sleep
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Abstract
Purpose Chiari malformation incorporate numerous forms of congenital or acquired cerebellar herniation through the foramen
magnum. This may lead to brain stem, high spinal cord and cranial nerve compression resulting in obstructive and central apneas.
This review highlights he high prevalence of sleep-disordered breathing in this population and the importance of refering these
patients for sleep studies as part of their workup.
Methods A review of the literature was performed through a PubMed and EMBASE search of original articles and reviews using
the key words “chiari” “chiari malformation” “hindbrain herniation” “sleep disordered breathing” “obstructive sleep apnea”
“central sleep apnea" “sleep study” and “foramen magnum decompression”.
Discussion We highlight the pathophysiology of sleep disordered breathing in patients with Chiari malformation, how it can be
diagnosed and what the treatment options are.
Conclusions Sleep-disordered breathing is highly prevalent in patients with CM1. Clinicians caring for these patients should be
aware of this and prioritise sleep diagnostic testing to allow for early diagnosis and management particularly in the presence of
neurological symptoms and specific brain MRI pointers.

Keywords Chiari malformation . Hindbrain herniation . Foramen magnum decompression . Sleep disordered breathing
(obstructive/central sleep apnea) . Sleep studies

Defining Chiari malformations

There is no agreed definition for Chiari malformations, and
different descriptions have been proposed. Principally, Chiari
malformations entail different clinical entities with variable
amount of hindbrain abnormalities. This can range from mild
tonsillar ectopia to complete hindbrain hernia through the fo-
ramen magnum and in some instances agenesis of the cerebel-
lum. The condition was recognised by the pathologist Hans
Chiari, who studied cerebellar changes caused by hydroceph-
alus of the cerebrum [39].

Types

Different types of Chiari malformations have been suggested
in literature. They are labelled as Chiari 0 to Chiari 5. A main
shortcoming of this classification is the inference that these are
part of a spectrum of same pathology, whereas in fact, they are
distinct pathologies. They can be broadly divided into either
acquired or congenital in nature. Acquired types include 0, 1,
and 1.5, depending upon amount of tonsillar hernia from no
ectopia in type 0 to tonsillar descent along with brainstem in
type 1.5. Chiari types 2, 3, 4, and 5 are congenital. They are
associated with open neural tube defects and occipital or upper
cervical encephalocele.

Pathophysiology

Acquired Chiari malformations can be idiopathic/primary
with no obvious cause or secondary. Secondary causes include
craniocerebral disproportion (in craniosynostosis,
craniometaphyseal dysplasia, and vitamin D deficiency)
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[13], raised intracranial pressure (in hydrocephalus, idiopathic
intracranial hypertension), and craniovertebral malformations
(basilar invagination, assimilation of atlas) [40].

McLone proposed “unified theory” to explain congenital
Chiari seen in children with spina bifida. It describes occur-
rence of neural tube defect first causing leakage of spinal fluid,
leading to “pan cranial malformation” including Chiari 2, hy-
drocephalus, tectal beaking, and medullary kinking.

Symptoms

Chiari can present with classical symptoms of occipital and
suboccipital headaches. Additionally due to local bulbar com-
pression, children can develop swallowing difficulty, nystagmus,
and sleep apnoea. Obstruction of CSF flow at foramen magnum
can lead to formation of the syrinx. This can manifest as sensory
disturbance, back pain, and scoliotic deformity of the spine.

Sleep disordered breathing in Chiari
malformations

Sleep disordered breathing (SDB) may happen in a form of
central or obstructive breathing events with or without
hypoventilation. Central breathing disorder most likely results
from direct medullary compression. This is more common in
neonates with congenital Chiari where medullar kink and
hindbrain hernia can lead to stridor. Furthermore, impaired
vocal cord function and weak pharyngeal muscles as a result
of lower cranial nerve impairment lead to obstructive pattern.

The prevalence of SDB in patients with confirmed Chiari
type 1 malformation (CM1) reported in the literature is consis-
tently high at 24 to 70% (> 5- to 10-fold higher than the general
paediatric population) [33, 36, 48]. This higher prevalence has
been confirmed in adult studies [7, 8, 20], mixed adult and
paediatric studies [12, 22], and paediatric studies [4, 12, 16,
17, 22, 25, 30]. The lowest prevalence of 24% in the findings
of Losurdo et al. may have been a result of their more exclusive
study population and the prospective aspect of their study with
recruited paediatric patients diagnosed with CM1 on MRI who
then had polysomnography, as opposed to examining a popu-
lation that had polysomnograms done first. Losurdo et al. may
have captured some of these patients with CM1 prior to the
onset of SDB.

As a result of this high prevalence of SDB, it has been
suggested that all children with a diagnosis of CM1 should
be offered screening for sleep disordered breathing with a
detailed polysomnography/respiratory polygraphy [16, 22,
25, 30]. However, there is no definitive guidelines on when
patient with CM1 should undergo polysomnography [6], and
there is a potential resource implication in screening all pa-
tients in countries where access to sleep diagnostics is limited

[4]. Several studies have attempted identifying clinical symp-
toms and/or radiological findings to determine which patients
are at high risk of sleep disordered breathing and would ben-
efit from a more urgent assessment [4, 10, 16, 17, 25].

Clinical sleep history with reported symptoms of sleep dis-
ordered breathing and clinical examination are not sensitive or
specific enough to establish a diagnosis of sleep apnoea in
patients with CM1 [4, 33]. However, the presence of neurolog-
ical symptoms in patients with CM1 correlated with the pres-
ence of SDB in a prospective study by Losurdo et al. [30]. On
the other hand, patients may present with SDB before develop-
ing any abnormalities on neurological examination, making
SDB the only sign of a CM1 for those patients [37, 55].

Contrary to conventional wisdom, obstructive sleep apnoea
(OSA) is the more frequent SDB than central sleep apnoea
(CSA) even though both are present in cohorts of paediatric
patients with CM1 including concomitantly (mixed SDB) [22,
25]. SDB was shown to be predominantly obstructive in sev-
eral prospective and retrospective studies [4, 12, 25, 30].
Some have suggested that the emergence or worsening of
OSA may be a sign of increased intracranial pressure [6,
31]. Conversely, it has been speculated that OSA can cause
progression of CM1 through transient rise in intracranial pres-
sure with potential worsening of cerebellar tonsil herniation
and development of a syrinx [28, 38]. CSA remains highly
prevalent in patients with CM1 with paediatric studies
reporting a prevalence between 9 and 18% [4, 17, 25, 30].

Pathophysiology of sleep disordered
breathing

OSA is believed to occur as a result of compression of cranial
nerves IX and X or their corresponding pontomedullary nuclei
resulting in weakness of the pharyngeal and dilating laryngeal
muscles [7, 30, 31, 49]. As a result, there may be variability in
the neural output to the upper airway dilators, dyssynchrony
between neural output to upper airway and ventilatory pump
muscles, and impairment of upper airway reflexes and/or vo-
cal cord paralysis [15, 18].

CSA, on the other hand, has the following multiple pur-
ported pathophysiological mechanisms:

& Compression or stretching of the glossopharyngeal nerve
impairing afferent input from the carotid bodies to the
medulla, thereby adversely affecting the chemoreflex [6,
8, 30, 49]

& Dysfunction of the respiratory centre when the medulla
oblongata itself is compressed [8, 20, 25, 30, 39, 49] or
when compression of the vasculature results in ischemia
of the respiratory centre [20, 25, 37]

& Compression of the brainstem resulting in dysfunction of
the reticular activating system [8, 20, 30, 37, 49]
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& Compression of phrenic motor neurons in the anterior
horn of the cervical spinal cord because of a syrinx or
compromised vascular supply to the brainstem [39]

& Mechanical stimulation of chemoreceptors leading to
overactivity [9, 10]

& Damaged chemoreceptors with decrease responsiveness
to CO2, resulting in central apnoea [12, 20, 31, 37]

It is unclear which CM1 children will develop obstructive,
central, or mixed sleep disordered breathing. It has been postu-
lated that it may relate to the site of compression with central
apnoea developing because of compression of the pre-Bötzinger
complex, whereas obstructive apnoea may develop because of
compression of the caudal brainstem [25]. However, as central
apnoeas have been reported to be more frequent with a syrinx,
other mechanisms are also likely to be involved [35].

It is important to remember that some patients will have
CM1 as part of a syndrome (craniosynostosis, velocardiofacial,
thoracic dystrophies) or have comorbidities making themmore
susceptible to develop SDB.

CM1 is common in syndromic craniosynostosis as conse-
quence of the premature fusion of the lambdoid and cranial
base sutures resulting in disproportion between hindbrain
growth and small posterior fossa. It has been described in
70% of patients with Crouzon’s syndrome, 75% with
oxycephaly, 50% with Pfeiffer’s syndrome, and 100% with
the Kleeblattschädel deformity. Raised intracranial pressure
(ICP) due to venous hypertension and hydrocephalus is also
much more common in these groups. Therefore, additional
diagnostic options such as polysomnography with concomi-
tant ICP monitoring may prove important tools and identify-
ing patients needing urgent intervention. This has been devel-
oped in our centre with good preliminary results.

Respiratory sleep study

The diagnosis of sleep-disordered breathing requires sleep study
in the form of either full polysomnography with electroenceph-
alographic, electroculographic, or electromyographic leads
(PSG) or cardiorespiratory polygraphies (CRPG). Both modal-
ities include nasal pressure transducer, thoracic and abdominal
excursion via respiratory inductance plethysmography, 2-lead
electrocardiography, pulse oximetry, transcutaneous pCO2 or
end-tidal CO2, and infrared video recording with microphone.

The gold standard test for the diagnosis of SDB and assess-
ment of its severity is an overnight, attended, in-laboratory
PSG study. PSGs allow for objective diagnosis and assess-
ment of disturbances in respiratory parameters and sleep ar-
chitecture. This allows for classification of patients into dif-
ferential level of SDB severities, which will inform clinical
management. It is however not a widely available resource.

CRPG are a limited version of the PSG that can be more
easily accessed and also used in the home. When CRP are
performed, they can be scored using adapted rules as per the
2012 American Academy of Sleep Medicine (AASM) guide-
lines for the scoring of sleep and associated events [5]. CRP
have previously been demonstrated to be an accurate tool for
the detection of sleep-disordered breathing [3, 23]. Sleep
stages are scored as either wake, rapid eye movement, or
nonrapid eye movement sleep in 30-s epochs by visual anal-
ysis of the cardiorespiratory parameters [41, 52].

Interpretation of sleep study results

Different types of respiratory events can be found on a sleep
study as follows:

& An obstructive apnoea is scored if there is > 90% fall in
nasal pressure transducer for > 90% of the entire event, the
event lasted ≥ 2 breaths, and there is continued or in-
creased respiratory effort.

& Amixed apnoea is scored when there is absent respiratory
effort during one portion of the event and the presence of
inspiratory effort in another portion, regardless of which
portion comes first.

& A central apnoea is scored if there is absent respiratory
effort for the entire event, and either the event lasted for
> 20 s or lasted ≥ 2 breaths and was associated with a ≥ 3%
oxygen desaturation.

& A hypopnoea is scored if there was a ≥ 30% reduction
in amplitude of the nasal pressure transducer, the event
lasted for ≥ 2 breaths, and it was associated with a ≥ 3%
oxygen desaturation.

The number of events leads to the determination of the
apnoea-hypopnoea index (AHI) by dividing the total number
of apnoea and hypopneas by the number of hours of total sleep
time [32, 33]. The AHI is the most commonly used PSG
parameter for the quantification of SDB severity. It comprises
the number of mixed, obstructive, and central apnoea and
hypopneas per hour of total sleep time. AHI can then be di-
vided into obstructive AHI (oAHI) and central AHI (cAHI).

An obstructive AHI ≤ 1/hrTST is considered to be normal,
1 < AHI ≤ 5 represents mild OSA, 5 < AHI ≤ 10 represents
moderate OSA, and an AHI > 10/hrTST represents severe
OSA [33, 54].

With regard to the CAHI, the evidence of what is abnormal
is not as clear and requires additional studies. This is currently
reviewed by a Taskforce on Paediatric Central Sleep Apnoea
set up by the European Respiratory Society. At present, cAHI
up to 5/h has been reported in healthy children [36, 48, 51,
52]. Therefore, a cAHI > 5/h is considered by some authors to
be outside the normal range although there is no consensus on
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what should actually be considered abnormal and the clinical
correlation with, for example, a CM1 [19, 26, 34].

In addition, an oxygen desaturation index (ODI—defined
as the number of dips in oxygen saturation ≥ 3% per hour of
sleep time), nadir SpO2, and mean nadir SpO2 are also calcu-
lated during the study analysis. Along with the CO2 measure-
ments (transcutaneous or end-tidal), they help determine the
impact of sleep disordered breathing on gas exchange.
Hypoventilation is defined as PaCO2 > 50 mmHg for > 25%
of sleep time [5].

Management of sleep disordered breathing

Foramen magnum decompression (FMD) is the mainstay of
treatment of CM1. Despite the variability of SDB in CM1
patients and the fact that SDB may be the only symptom of
CM1, there is however no study to determine the degree of
SDB warranting FMD. The majority of studies focusing on
SDB outcomes have been done following FMD. Case reports
and retrospective and prospective studies have documented
improvement of SDB after FMD (including in syndromic pa-
tients) although not always to complete resolution [1, 2, 7, 14,
20, 24, 25]. This absence of complete resolution in some pa-
tients may be explained by anatomical factors or possibly by
permanent damage from compression that cannot be reversed
with surgery. This raises the question of optimal timing of
surgery in CM1 patients diagnosed with SDB.

Some patients will have CM1 as part of a craniofacial syn-
drome, particularly craniosynostosis involving the lambdoid
suture. These may require specific surgical interventions com-
bining cranial vault remodelling and FMD [2, 11]. Studies
have shown occasional improvement of CM1 following cra-
niofacial repair without FMD but also de novo CM1 after
craniosynostosis repair [44, 47].

Use of noninvasive ventilation has been described in sev-
eral studies with reported improvement on bilevel positive
pressure ventilation (BiPAP) [37, 45, 49, 55]. In one of the
studies, BiPAP was used as a bridge to surgical intervention
(FMD) and subsequently discontinued postsurgical interven-
tion as no longer needed [37].

A retrospective study of 147 children managed conserva-
tively has shown that a proportion of them show spontaneous
symptomatic and MRI improvement over a follow-up period
of 3.8 years [47].

Due to the possibility of persistent SDB postsurgery, it is
important to ensure a follow-up polysomnogram is arranged.
There is no consensus on the timing of follow-up PSG, but it is
important to leave a certain amount of time before reassessing
the presence of SDB. This will allow for resolution of oedema
as this has been shown to cause persistent SDB [43]. Some
patients have been shown to have normalisation of PSG after 1
to 2 months [24, 29]; some took up to 15 months to achieve

complete resolution [45]. Serial sleep studies may therefore be
required to monitor gradual improvement over time.
Recurrence of SDB can also happen and may indicate recur-
rence of herniation and brainstem compression such as the one
described by Zolty et al. [56]. Long-term sleep follow-up has
been advocated by some especially in the presence of high
clinical suspicion [14, 28, 56].

There is now a large body of evidence that children with
SDB show deficits in neurocognitive performance, behaviour-
al impairments, and school performance [50]. Thus, studies
highlighting impaired neurocognitive outcomes in this group
[21, 27, 42] emphasise their vulnerability and the importance
of the treating SDB adequately.

In summary, the majority of patients will have improve-
ment of SDB following FMD surgical intervention.
However, a small proportion will have persistent SDB and
may require additional treatment (such as bilevel ventilation
support) or additional intervention. Therefore, sleep study
follow-up is essential and should be arranged at a minimum
of 6 weeks from surgery to ensure accuracy of result (i.e. not
affected by perioperative changes like oedema). Some patients
will require long-term sleep study follow-up especially in the
presence of high clinical suspicion of SDB.

Conclusion

Patients with CM1 have a high prevalence of SDB, and ideally,
all should undergo sleep diagnostic testing. However, develop-
ing a pathway identifying patients needing prioritisation would
allow better use of resources particularly in areaswhere access to
diagnostic services is limited. This pathway should be based on
the presence of neurological symptoms and specific brain MRI
pointers which have been showed to increase the risk of SDB.
The timing of referral is also crucial as SDB also has the poten-
tial to cause progression of CM1 and development of a syrinx.
All clinicians caring for CM1 patients should be alerted to the
high prevalence of sleep disordered breathing so that they can be
diagnosed in a timely fashion.
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