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Hindbrain-hernia-related syringomyelia
without syringobulbia, complicated
by permanent nocturnal central hypoventilation
requiring non-invasive ventilation

Abstract Introduction: In the ab-
sence of syringobulbia, hindbrain
hernia does not commonly cause
permanent respiratory complications.
We present two patients who devel-
oped permanent central nocturnal
hypoventilation following acute dete-
rioration of hindbrain-hernia-related
syringomyelia despite successful sur-
gery. Patients: Two children (one
boy and one girl, aged 7 and 13 years,
respectively) presented with acute
neurological deterioration. The boy
presented with a 6-week history of
progressive tiredness and weakness
and a short history of respiratory
depression. The girl presented with a
2-year history of left hemiparesis and
a short history of left hemiplegia and
respiratory depression. On magnetic
resonance scan, both had hindbrain
hernia, hydrocephalus and cervical
syringomyelia. Following cranio-ver-
tebral decompression and, later, a
ventriculoperitoneal shunt, the syrin-
gomyelia remained well controlled
in both patients. In contrast, their
respiratory depression improved
minimally. Repeated multichannel
respiratory monitoring revealed a
persistently slow sleeping respiratory
rate, with nocturnal hypercapnia and
hypoxemia, managed successfully by

night-time non-invasive ventilation.
Neither the boy nor the girl, after 7
and 4 years, respectively, has devel-
oped any complications of nocturnal
hypoventilation. When awake, both
breathe normally. Result: Both chil-
dren appear to have suffered a
permanent impairment of respiratory
control, resulting in nocturnal hypo-
ventilation. This is usually seen with
brain stem lesions and is unexpected
when syringomyelia does not extend
above C2, in the absence of syringo-
bulbia. Discussion: Central noctur-
nal hypoventilation is postulated to be
due to permanent damage of central
brain stem pathways controlling the
respiratory muscles, due to local
pressure at the cranio-cervical junc-
tion associated with acute deteriora-
tion of the hindbrain herniation.
Conclusion: Sudden deterioration of
hindbrain hernia and cervical syrin-
gomyelia can rarely impair the central
mechanisms of respiratory control,
with long-term implications on qual-
ity of life.
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Introduction

Hindbrain hernia is well known as a cause of sleep apnoea,
which usually resolves following successful surgical treat-

ment. Hindbrain hernia is also known to present with acute
respiratory depression, which resolves after successful
treatment [1, 4–6, 8, 10–13, 16, 17]. Permanent respiratory
depression following successful surgery for hindbrain
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hernia, in the absence of syringobulbia, has not been pre-
viously documented in the literature. We present two such
patients who developed permanent impairment of the
respiratory drive mechanism as a complication of acute
deterioration of hindbrain-hernia-related syringomyelia, in
the absence of syringobulbia, despite successful surgery
and control of the syringomyelia. Both patients now suffer
from nocturnal hypoventilation requiring long-term over-
night ventilatory support.

Patients

Two children, one boy and one girl, presented with acute
neurological deterioration. The boy, aged 7 years, presented
with a 6-week history of progressive tiredness and weak-
ness and a short history of respiratory depression. Exam-
ination revealed scoliosis, hypertonic lower limbs and
clonus in the left ankle. An MRI scan revealed marked
cerebellar tonsillar herniation, with the tip of the cerebellar
tonsils extending down to the inferior border of the arch of
C2, and syringomyelia extending from C2 to T9 (Fig. 1a).
There was no evidence of hydrocephalus or syringobulbia.
The patient underwent cranio-vertebral decompression
soon after diagnosis. On clinical review at the fourth
postoperative week, his hypertonicity had resolved, and
although he was still a little lethargic, his sleeping pattern
had improved. The postoperativeMRI revealed a successful
decompression of the posterior fossa, with complete col-
lapse of the syringomyelia. There was no evidence of
hydrocephalus on the postoperative scan. Two weeks later,
the patient was readmitted with a 3-day history of increasing
somnolence and headaches. Arterial blood gas analysis
showed that the patient was hypoxic (pO2=7.41 kPa) and
hypercarbic (pCO2=6.5 kPa), and a CT scan revealed
evidence of active hydrocephalus. A ventriculoperitoneal

shunt was inserted, with a resultant improvement in the
patient’s clinical condition other than persistence of his
nocturnal hypoventilation, which was successfully man-
aged with bi-level positive airway pressure (BiPAP) ven-
tilation. Repeat MRI scanning showed small ventricles,
continued resolution of the syringomyelia and no evidence
of syringobulbia. At 3 years from the initial decompression,
further foramen magnum decompression with duraplasty
was required because of the development of recurrent
arachnoiditis at the site of the previous decompression, the
recurrence of syringomyelia and a return of the lower limb
hypertonicity. The patient made a good recovery from the
second procedure, with resolution of the new symptoms. At
13 years of age, the patient remains well, with no new
symptoms, but still requires long-term BiPAP ventilation. A
recent MRI showed satisfactory posterior fossa decompres-
sion and complete resolution of the syringomyelia. Re-
peated multichannel respiratory monitoring has shown a
persistently slow sleeping respiratory rate, with nocturnal
hypoxemia and hypercapnia. At 8 years after the first
cranio-vertebral decompression, the patient breathes nor-
mally when awake and has not developed any complica-
tions as a result of nocturnal hypoventilation.

The girl, aged 13 years, presented with a 2-year history of
left hemiparesis and a short history of left hemiplegia and
respiratory depression. An MRI scan revealed ventriculo-
megaly without periventricular lucency, hindbrain hernia,
with the tip of the cerebellar tonsils extending down to the
inferior border of the arch of C2, syringomyelia extending
from C2 to T10, with no evidence of syringobulbia, and a
small degree of ventral kinking at the cervico-medullary
junction (Fig. 2a,b). As most of her symptoms were at-
tributed to the hindbrain hernia and syringomylia (hemi-
paresis leading to hemiplegia), and in the absence of clinical
symptoms of hydrocephalus (e.g. drowsiness, vomiting)
and radiological findings of active hydrocephalus (e.g.

Fig. 1 Magnetic resonance
(MR) scans of a 7-year-old boy
who presented with a 6-week
history of progressive tiredness
and weakness and a short his-
tory of respiratory depression.
a T1-weighted sagittal image of
the head showing pronounced
hindbrain hernia down to the
upper border of the lamina of C2
and cervical syringomyelia ex-
tending up to C2. b T2-weighted
image of the head, obtained
postoperatively 3 years follow-
ing cranio-vertebral decompres-
sion, showing good control of
the syringomyelia and adequate
decompression of the foramen
magnum
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periventricular oedema), it was felt that surgical treatment
should be directed towards the hindbrain hernia. Successful
cranio-vertebral decompression led to radiological resolu-
tion of the hindbrain hernia and syringomyelia, accom-
panied by an improvement of all symptoms, except those
from the central nocturnal hypoventilation. In the first few
months from cranio-vertebral decompression, the patient
developed progressively deteriorating headaches, and fol-
lowing radiological confirmation of periventricular lucency
on a CT scan associated with the deterioration of the pre-
existing ventriculomegaly, indicating active hydrocephalus,
a ventriculoperitoneal shunt was inserted 8 months after the
cranio-vertebral decompression. The symptoms of hydro-
cephalus resolved, but the nocturnal hypoventilation per-
sisted and required nocturnal long-term BiPAP ventilation.
Repeat MRI scanning has confirmed good control of the
syringomyelia and an absence of syringobulbia (Fig. 2c).
Multichannel respiratory monitoring performed on several
occasions has confirmed a persistently slow sleeping re-
spiratory rate, with nocturnal hypercapnia and hypoxemia
that respond well to BiPAP ventilation. At 5 years after the
first cranio-vertebral decompression, the patient breathes
normally when awake and has not developed any com-
plications as a result of nocturnal hypoventilation.

Discussion

Type I Chiari malformation (hindbrain hernia) is charac-
terised by herniation of the cerebellar tonsils below the
foramen magnum, with syringomyelia occurring in 50–
75% of patients [3]. Pain, especially headache, is the most
common symptom, affecting up to 69% of patients (45%
having some form of head or neck pain; [14]). Three main

clusters of signs are described: foramen magnum com-
pression syndrome, central cord syndrome and cerebellar
syndrome [14].

There is general agreement that some form of cranio-
vertebral decompression should be offered to patients with
neurological deficits, progressive scoliosis or syringomy-
elia [7]. Offering surgery for headache alone, unless of a
classic Chiari type, remains controversial. Patients with
preoperative complaints of pain or altered sensation often
respond well to surgery, with an improvement in symptoms
and signs. Muscle weakness is less responsive to surgery,
especially when associated with muscle atrophy [3].

The association between hindbrain hernia and sleep ap-
noea, although not as common as the presentations dis-
cussed above, is well described [1, 4–6, 8, 10–13, 16, 17].
The anatomic localisation of the respiratory centres in the
brain stem has been thought to explain this association, with
injury to the respiratory centres leading to dysrhythmic
breathing [1, 2, 4, 11]. More recently, some have postulated
that sleep apnoea could have an obstructive element and
have pointed to loss of the normal inspiration-synchronous
activation of the tongue muscles seen in some patients with
syringobulbia [15]. High-resolution studies of patients with
syringobulbia have shown that the bilateral involvement of
the medullary intermediate reticular zone correlates well
with cardiovascular autonomic failure and sleep apnoea. In
those with more restricted lesions, autonomic and respira-
tory dysfunction may be dissociated [9].

The sleep apnoea seen with hindbrain hernia typically
resolves after surgery, in the absence of syringobulbia or
basilar invagination [1, 4–6, 10–13, 16]. In the two patients
presented herein, despite good cranio-vertebral decompres-
sions and stabilisation of the syringomyelia, there was no
improvement of the nocturnal hypoventilation, and they

Fig. 2 MR scans of a 13-year-old girl presenting with a 2-year
history of left hemiparesis and a short history of left hemiplegia and
respiratory depression. a T1-weighted sagittal image of the head
showing enlargement of the third ventricle, pronounced hindbrain
hernia down to the lower border of the lamina of C2 and sy-
ringomyelia extending up to C2. A small degree of ventral kinking

at the cervico-medullary junction is noted. b T1-weighted axial
image of the head showing ventriculomegaly without periventricular
lucency. c T1-weighted sagittal image of the head, obtained
postoperatively 2 years following cranio-vertebral decompression,
showing good control of the syringomyelia and adequate decom-
pression of the foramen magnum
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both required long-term BiPAP support at night, with
normal respiration during wakefulness, indicating a perma-
nent impairment of respiratory control, resulting in noctur-
nal hypoventilation. It is emphasised that all other aspects of
the patients’ preoperative conditions, including motor signs,
improved following surgery. Central nocturnal hypoventila-
tion is usually seen with brain stem lesions and is unexpected
in the absence of syringobulbia. Of interest is the presence of
ventral kinking at the cervico-medullary junction in the
second patient. Its relevance to respiratory depression and
subsequent nocturnal hypoventilation is uncertain; as such,
an appearance is seen not too infrequently in patients with
hindbrain hernia, but very few of them end up with per-
manent respiratory drive problems. In the same patient, it is
difficult to predict if her symptoms and signs would have
resolved if a ventriculoperitoneal shunt was inserted as a first
procedure. Equally, the first patient required, at some point
after cranio-vertebral decompression, ventricular shunting,
although there was no ventriculomegaly at presentation. It is
difficult to postulate on the relation of active hydrocephalus
to the nocturnal hypoventilation; as such, a respiratory prob-
lem is not commonly seen in hydrocephalic patients.

We postulate that this central nocturnal hypoventilation is
due to permanent damage of the central brain stem path-
ways controlling respiration. This damage is possibly the
result of an acute deterioration of the hindbrain herniation,
causing local pressure at the cranio-cervical junction, pos-
sibly mediated from the piston-like impacting movement of
the herniated cerebellar tonsils against the medulla during
each circulatory cycle. We postulate that this led to the late
formation of gliosis, which, although not readily appre-
ciated in MR scans, nevertheless permanently impaired the
sensitive respiratory centres.

Conclusion

Sudden deterioration of hindbrain hernia, even in the
absence of syringobulbia or basilar invagination, can rarely
impair mechanisms of respiratory control, with long-term
implications for the quality of life for the patient.
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