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Introduction

Chiari first described 2 specific types of hindbrain
deformities in 1891. Type I Chiari malformations are
characterized by the presence of cerebellar tonsils in the
upper cervical canal (at least 3-5 mm below the fora-
men magnum) while the 4% ventricle remains above the
foramen magnum. Over the past 3 decades, there have
been a number of reports of Chiari malformation and
syringomyelia occurring either singly or together fol-
lowing cerebrospinal fluid (CSF) shunting from the
lumbar subarachnoid space.!™” Whether this “acquired”
configuration is synonymous with a Chiari I malforma-
tion may be a matter of semantics, since the acquired
descent of the cerebellar tonsils is radiographically
indistinguishable from that of Chiari I malformations.
So the term “acquired Chiari malformation” is used to
describe this situation. The relationship between lum-
bar shunting procedures for hydrocephalus and Chiari
I malformation has been established. Although no
theory proves the mechanism by which this acquired
Chiari malformation evolves, published theories invoke
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Unsteady gait was noted in a 2-year-old boy with a lumboperitoneal (LP) shunt that had been inserted 1 year earlier for
increased head circumference caused by communicating hydrocephalus. Scoliosis was also noted during postoperative
follow-up. Magnetic resonance imaging revealed new hindbrain tonsillar herniation and an extensive syrinx from C3 to L1.
The malfunctioning LP shunt was removed and posterior fossa decompression with ventriculoperitoneal shunt insertion
was performed. The unsteady gait recovered completely and scoliosis improved. Magnetic resonance imaging demonstrated
resolution of the syrinx and tonsillar herniation. Acquired Chiari | malformation after LP shunt is well documented; usually,
patients have no symptoms. This is the first report to have all the cause and effect mechanisms among syringomyelia, sco-
liosis and Chiari | malformation in 1 patient. We review the literature and discuss the possible mechanisms. [J Chin Med
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a craniospinal pressure gradient®® or cephalocranial
disproportion. 10

Syringomyelia is frequently associated with abnor-
malities of the craniocervical junction, particularly Chiari
I malformation. A group of hydrodynamic mechanisms
were introduced: it has been proposed that obstruc-
tion of CSF outflow from the 4™ ventricle leads to
dissection of CSF into the central canal and syrinx
formation.!!2 Tt has also been pointed out that the
abnormal pressure gradient from the cranial to the
spinal subarachnoid space could suck CSF downward
along the central canal and produce the syrinx.” Ball
and Dayan emphasized that with craniospinal dissoci-
ation, pressure waves in the spinal subarachnoid space
remain confined to its space rather than dissipating
throughout the entire CSF compartment. With a Val-
salva maneuver, CSF could dissect into Virchow-Robin
spaces and eventually produce gross cavities. !

Chiari malformations are often associated with
spinal deformities, including scoliosis. Studies have sug-
gested a causal relationship between syringomyelia and
scoliosis. The incidence of scoliosis in patients with
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Chiari malformation and syringomyelia is higher in
the pediatric population than in adults. Early decom-
pression of Chiari I malformation with syringomyelia
and scoliosis resulted in improvement of stabilization
of the spinal deformity.!4-20

We report the case of a boy who developed both
Chiari I malformation and syringomyelia after lum-
boperitoneal (LP) shunt placement for the treatment
of communicating hydrocephalus. Posterior fossa
decompression and replacement of the LP shunt with
a ventriculoperitoneal (VP) shunt resulted in radi-
ographic resolution of both lesions as well as clinical
improvement.

Case Report

The patient received a head injury when he was
2 months old, and brain computed tomography re-
vealed hydrocephalus with marked ventriculomegaly.
Magnetic resonance imaging (MRI) showed compati-
ble findings (Figure 1), and I-131 RISA cisternography
demonstrated progressive communicating hydroceph-
alus a few months later. He received LP shunt insertion
in May 1996 when he was 10 months old. The head
circumference grew within normal limits thereafter,
with improvement of headache. Scoliosis of Cobb angle
28 degrees (Figure 2A), trunk tilting to the left side,
and unsteady gait were noted 1 year later in May 1997
when he was 2 years old. MRI on May 27, 1997
(Figure 3) revealed obvious hydrocephalus, downward
herniation of the cerebellar tonsils, and syrinx from C3
to L1. This was interpreted as a Chiari I malformation.

Figure 1. Preoperative sagittal T1-weighted magnetic resonance
imaging of the brain.
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On June 23, 1997, posterior fossa decompression
surgery (suboccipital craniectomy with C1 laminectomy
and duroplasty) and replacement of the LP shunt
with a VP shunt were performed. MRI follow-up in
September 1997, March 1998, and July 1999 revealed
progressive resolution of the cerebellar tonsillar herni-
ation and syrinx (Figure 4).

The unsteady gait improved straight after the oper-
ation, but clumsiness of fine motor skills was sustained.
The scoliosis was also almost completely resolved
(Figure 2B). At present, the patient’s performance in
elementary school is excellent.

Figure 2. (A) After lumboperitoneal shunt insertion, progressive
scoliosis change is noted on X-ray. (B) Regression of scoliosis
after revision of lumboperitoneal shunt to ventriculoperitoneal
shunt.

Figure 3. Twelve months after lumboperitoneal shunt insertion,
contrast-enhanced magnetic resonance imaging of the (A) brain
and (B) spine show hindbrain tonsil herniation below the foramen
magnum and syrinx formation from C3 to L1.
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Figure 4. Non-contrast sagittal T1-weighted magnetic resonance imaging of the cervical spine shows progressive resolution of hind-
brain downward herniation and cervical syrinx after surgical intervention: (A) 2 months; (B) 9 months; and (C) 2 years postoperatively.

Discussion

Chumas et al?! reported an incidence of 70% for
asymptomatic tonsillar descent subsequent to lumbar
shunting. We perform LP shunting instead of VP
shunting in young patients with hydrocephalus to avoid
the complication of overdrainage shunt malfunction.
This case is the first experience of so-called “acquired
Chiari malformation” with symptoms of syringomyelia
and scoliosis in Taipei Veterans General Hospital. Two
theories have been proposed to explain the develop-
ment of low-lying tonsils in previously normal patients.
In the first theory, cephalocranial disproportion attrib-
utable to underdevelopment of the posterior fossa, the
cranial contents grow faster than the surrounding cra-
nium and ultimately cause cerebellar tonsillar hernia-
tion into the foramen magnum.b!? Previous studies
indicate that shunting procedures usually arrest the
growth of the skull. As the brain volume enlarges to
fill the space previously occupied by the ventricular
system, skull growth is assumed to be stimulated after
occurrence of downward migration of cerebellar ton-
sils. Nevertheless, no acquired Chiari malformation has
been found in association with ventricular shunting in
any patient, and the skull growth is only transiently
arrested subsequent to shunting (not every patient
demonstrates evidence of gross posterior fossa malde-
velopment in the end). Could this account for symp-
tomatic brain stem compression many years later? This
seems unlikely and leads to the postulation of another
theory.

The second theory (craniospinal pressure gradient
theory) invokes a pressure gradient across the cranial
and spinal shunting procedure. This artificially created
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pressure gradient is the suspected driving force for ton-
sillar descent. In addition, the compromise of normal
CSF flow dynamics at the level of the foramen magnum
results in acute obstructive hydrocephalus, further
worsening the craniospinal pressure gradient.®?

The mechanism of syringomyelia formation with
Chiari malformation is not clearly understood. Three
hydrodynamic theories of origin exist: the “water-
hammer” theory of Gardner,!!? Williams> “1-way-
valve” or “craniospinal dissociation” theory,” and
revision of the Heiss-Oldfield theory.???3 In the water-
hammer theory, arterial pulses from the choroid
plexus are thought to be transmitted down through
an abnormal 4™ ventricle to the cord, “hammering”
out a dilatation in the cord; this mechanism has been
essentially disproven using MRI. In the 1-way-valve
theory, the abnormal communication between the 4™
ventricle and the spinal cord causes an unequal pres-
sure gradient with Valsalva maneuver, resulting in high
pressure in the spinal column that causes cord tissue
dilatation by “hydrodissection”. However, this process
could not be replicated by Heiss et al and Oldfield
ct al using cine MRI and intraoperative ultrasound
study, respectively. The Heiss-Oldfield theory: occlu-
sion at the foramen magnum causes CSF pulsations
during cardiac systole to be transmitted through the
Virchow-Robins spaces, which increases the extracel-
lular fluid, which coalesces to form a syrinx. Finally,
Levine?* concluded that in the presence of subarach-
noid obstruction at the foramen magnum, erect pos-
ture, coughing or straining, and pulsatile fluctuations
of CSF pressure during the cardiac cycle produce
transiently higher CSF pressure above the block than
below it. There are corresponding changes in transmural
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venous and capillary pressure favoring dilation of ves-
sels below the block and collapse of vessels above the
block. The mechanical stress on the spinal cord, cou-
pled with venous and capillary dilation, partially disrupt
the blood-spinal cord barrier, allowing ultrafiltration
of crystalloids and accumulation of a protein-poor fluid.
The hypothetical assumption is consistent with the
neuropathological findings in syringomyelia (which
include: the pressure in syringomyelia is higher than
CSF pressure, extensive gliosis, edema, and vascular
wall thickening regularly occur around the syrinx, and
the fluid of syringomyelia is not identical with that
of CSF).

The relationship between Chiari malformation and
scoliosis has been recognized but not completely un-
derstood. Multiple theories have been proposed to
explain the association. Huebert and MacKinnon the-
orized that syringomyelia compromises cells in the cord
that are responsible for muscle balance of the trunk,
leading to scoliosis.?> Decompression of the Chiari
formation with syringomyelia has been shown to halt
or improve neurological abnormalities associated with
this condition. The incidence of scoliosis in patients
with Chiari malformation and syringomyelia is higher
in the pediatric population: 82% of patients younger
than 20 years with syringomyelia have scoliosis, com-
pared with 18% of patients older than 20 years.!8
Scoliosis in patients with Chiari malformation and sy-
ringomyelia can occur at very young ages and can rap-
idly progress, necessitating early diagnosis and treatment
to prevent the need for spinal fusion (before permanent
structural spinal changes).2’

Our case supports Welch et al’s conclusion once
again that Chiari I malformation can be an acquired
condition related to disproportionate spinal CSF ab-
sorption and resultant hydrocephalus pushing the ton-
sils further downward.® The mechanism for syrinx
formation in our case is best explained by the Levine
theory.?* Then, it is the syringomyelia-compromised
cells in the spinal cord that are responsible for scoliosis.
After performing posterior fossa decompression and
VP shunting revision simultaneously (since subarach-
noid obstruction at the foramen magnum and subse-
quent hydrocephalus were the 2 main causes), both
the Chiari I malformation and syrinx were shown radi-
ographically to be resolved due to normalized CSF
dynamics. According to the Levine theory, we neither
plugged the obex nor opened the arachnoid membrane
during decompression surgery to prevent the risk of
CSF leakage and arachnoiditis. The syrinx completely
resolved within several months, implying an active
movement of CSF between the cavity and spinal sub-
arachnoid space. The Cobb angle of scoliosis was
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reduced in turn. Consequently, no syringomyelia shunt-
ing or orthopedic surgery for scoliosis was needed for
the patient. After reviewing the literature, we believe
that this is the first case to demonstrate such stereo-
typical presentation and resolution of disease accord-
ing to the proposed pathophysiological mechanisms
in 1 patient.
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