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Burr Holes Revascularization in Three Pediatric Cases of Moyamoya
Syndrome: Easy Choice or Insidious Trap? Case Series and Review

Abstract

Introduction: Moyamoya disease is a steno-occlusive cerebrovascular disease of unknown etiology
involving the terminal portion of the internal carotid artery and the proximal portions of the anterior
and middle cerebral arteries with associated collateral vascular network. When the vascular pattern is
associated with a particular condition (e.g., Type 1 neurofibromatosis, Down syndrome), it is defined
as moyamoya syndrome (MMS) (or quasi-moyamoya). Among different indirect bypass techniques
used to prevent ischemic injury by increasing collateral blood flow to hypoperfused areas of the
cortex, multiple burr holes technique is an easy and diffuse indirect revascularization approach in the
treatment of moyamoya. Discussion: While the effectiveness in patients with moyamoya disease was
demonstrated, its role in MMS remains uncertain. In this study, we describe surgical and diagnostic
implications in three pediatric cases of moyamoya sydrome unsuccessfully treated with multiple
cranial burr hole technique. A critical review of the literature about the use of the surgical indirect
revascularization techniques in pediatric patients was also reported.
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Introduction

Moyamoya disease 1is an idiopathic
steno-occlusive  cerebrovascular  disease
of unknown etiology, defined by a
progressive  steno-occlusive modification
of the distal internal carotid artery (ICA)
and its proximal branches that evolve in
the development of an extensive collateral
basal vascular network.

If the typical vascular pattern is associated
with an underlying systemic condition
(e.g., Type 1 neurofibromatosis (NF1),
Down syndrome extracorporeal circulation),
the illness is named moyamoya
syndrome (MMS) or quasi-moyamoya.

A recent Japanese  epidemiological
analysis revealed an incidence of
0.11/100.000/year (0.11) and a prevalence
of 0.34/100.000 for MMS and an incidence
of 1.13/100000 and a prevalence of
5.22/100000 for moyamoya disease.!!

Moyamoya patients usually present after
ischemic symptoms in juvenile age and
after cerebral hemorrhage in adult age, with
a difference in onset age among different
entities. No medical treatment has been
proven to be effective neither in preventing

these events nor in stopping the progressive
steno-occlusive transformation. The aim of
the surgical treatment is to improve brain
perfusion in ischemic or nearly ischemic
territory. This has led to the development
of multiple surgical strategies which can
be classified into two categories: (1) direct
and (2) indirect surgical revascularization
techniques. The direct revascularization
is performed by creating a direct vascular
anastomosis between a branch of the
superficial temporal and the middle
cerebral or anterior cerebral artery (ACA).
Indirect revascularization techniques
enhance vascularization of hypoperfused
cerebral territories by opposing different
vascularized tissue (superior temporal
artery itself, the omentum, the temporalis
muscle, the periosteum, or combination of
them) over the cortical surface of the brain.

The burr holes technique is an indirect
revascularization procedure first described
by Endo in 1984. The procedure consists
in drilling multiple holes through the skull
to stimulate angiogenesis through the holes,
from branches of the external carotid artery
or the middle meningeal artery (MMA).
While the burr hole technique demonstrated
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good effectiveness in patients with moyamoya disease,™
the outcome after the burr holes procedure in patients with
MMS remains uncertain.

We present three cases of pediatric patients with
MMS unsuccessfully treated with multiple cranial burr
hole (MCBH) technique that required a second surgical
indirect revascularization. Furthermore, we reported
the surgical and diagnostic implications of a second
surgical procedure performed after the multiple burr hole
revascularization.

Ilustrative Cases
Patient 1

The patient, a 6-year-old female, presented at our
institution with headache as major complaint. Her
history began at the age of one when NF1 was clinically
diagnosed. Brain magnetic resonance imaging (MRI)
revealed bilateral focal area of T2-hyperintensity and
T1-hypointensity (unidentified bright objects) in the basal
ganglia and in the cerebellar white matter. Arterial MRI
angiography showed the narrowing of left ICA and middle
cerebral arteries (MCA) with surrounded neoangiogenesis
and omolateral MMS was diagnosed. After 12 months from
clinical onset, a surgical revascularization with burr holes
technique was performed in the left parietal and temporal
bones with resolution of headache. Antiplatelets therapy
was administrated.

After a normal postsurgical period of 11 months, the
patient presented again with omolateral (left) headache and
right arm paresthesia. Digital subtractive angiography and
MRI angiography showed worsening of the moyamoya
stage (Suzuki Stage 3) and prominent leptomeningeal
hyperintensities along cortical sulci of the left hemisphere
was seen in the MRI fluid-attenuation inversion
recovery sequence (total ivy sign score 5) [Figure lb-c].
Single-photon emission computed tomography (SPECT)
perfusion demonstrated brain hypoperfusion in the
left frontal, temporal, and parietal lobes and the bone
three-dimensional (3D) computed tomography (CT)
scan revealed nearly complete closure of the left
burr holes [Figure la]. Consequently, a new surgical
intervention was indicated, using a left indirect
revascularization technique (encephalo-duro-arterio-myo-
periosteo-synangiosis).

At the last follow-up after 2 years from the last surgical
procedure, neurological symptoms improved with
regression of the headache. Brain MRI revealed reduction
of the ivy signs and SPECT examination demonstrated
increased perfusion in the left hemisphere [Figure 2].

Patient 2

The patient, a 9-year-old male, was admitted to another
hospital for visual function impairment. The brain MRI
revealed a solid enhancing tumor with multiple cystic

Figure 1: Case 1 - A 6-year-old female with Type 1 neurofibromatoris and
moyamoya, unsuccesfully treated with multiple burr holes technique, requires
a second revascularization procedure (encephalo-duro-arterio-synangiosis/
encephalo-duro-artero-mio-periosteo-synangiosis). Preoperative evaluation
performed before the second intervention. (a) Cerebral computed
tomography scan three-dimensional volume-rendering shows the shrinkage
of the multiple burr holes in the left parietal and temporal bones. (b) Coronal
and axial maximum intensity projection-reformatted magnetic resonance
imaging angiography show narrowing of both the left internal carotid artery
and ipsilateral middle cerebral artery. (c) Axial fluid-attenuation inversion
recovery images show leptomeningeal hyperintensities along cortical sulci
in the left frontal and parietal lobes (“ivy sign”)

components involving the hypothalamus, chiasm, and
optic radiations [Figure 3a-b]. The patient underwent an
endoscopic resection of tumor cyst. The final diagnosis
of ganglioglioma of the hypothalamic-chiasmatic region
was made histopathologically. After about 24 months
from radiotherapy (54 Gy of total radiation dose), the
patient progressively developed a deep collateral network,
associated with steno-occlusive transformation of the left
sovra-clinoid ICA and left middle carotid artery as seen on
arterial MRI angiography [Figure 3c-d]. SPECT perfusion
revealed bilateral frontal and parietal hypoperfusion. The
patient cognitive score was measured and a mild impairment
was noted. Consequently, the diagnosis of MMS was made.
After 3 months, a surgical revascularization with burr holes
technique was performed bilaterally in the frontal, parietal,
and temporal bones.

After 10-month follow-up, the left side paresthesia in
perioral area and upper limb was noticed, and it was
confirmed by a less evident perfusion in right pre- and
post-central gyrus.

At the last follow-up control performed in our hospital
at 17 years old, no improvement in brain perfusion was
revealed at the SPECT examination. Therefore, a new
procedure of indirect revascularization including also
the ACA territories was considered to prevent a further
cognitive impairment of the patient.

Patient 3

The patient, a 6-year-old female, presented impairment of
the visual function and headache. The brain MRI, performed
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Figure 2: Case 1 - Brain single-photon emission computed tomography
perfusion images fused on the cerebral angio-computed tomography
scan performed after 1 year from the first revascularization
procedure (multiple burr holes) (a) and 2 years after the second indirect
revascularization (encephalo-duro-arterio-synangiosis/encephalo-duro-
artero-mio-periosteo-synangiosis) (b). Left frontal and parietal lobes
remain hypoperfused after burr holes revascularization and recovers after
encephalo-duro-arterio-synangiosis/encephalo-duro-artero-mio-periosteo-
synangiosis procedure

in another hospital, revealed a suprasellar/parasellar tumor
with an enhancing solid portion with associated multiple
cystic structures. The lesion was treated with surgical
debulking and subsequent adjuvant chemotherapy and
radiotherapy (Society of Paediatric Oncology low-grade
glioma 2004 protocol). The final diagnosis of pilomyxoid
astrocytoma of the hypothalamic-chiasmatic region was
made histopathologically. After about 2 years, the patient
presented headache and paresthesia in the right upper
limb. The brain MRI revealed some new small areas of
T2-hyperintensities in the left perirolandic region suspected
for ischemic vascular lesions. The diagnosis of MMS
was done basing on the arterial MRI angiography which
detected the narrowing of the left ICA and the occlusion of
the ipsilateral MCA [Figure 4a-b].

After about 3 months from the onset of symptoms, the
patient, admitted at another institution, underwent an
indirect surgical revascularization with burr holes technique
in the left frontal, parietal, and temporal bones.

At the follow-up controls performed every 6 months in
our hospital, the neurologic symptoms persisted and the
patient showed a rapid impairment of cognitive functions,
showing a loss of 10 points at the full-scale intelligence
quotient (wechsler intelligence scale for children V). MRI
brain perfusion confirmed the hypoperfusion of the left
MCA territory with minimal improvement only in the left
temporal lobe. Therefore, a new indirect revascularization
was planned to guarantee an adequate perfusion. Before
the surgery, it was necessary to determine which burr holes
developed angiogenesis and which was the relationship
between the successful burr holes and the brain areas
that remained hypoperfused. A CT scan [Figure 4c] with

Figure 3: Case 2 - A 9-year-old male with suprasellar ganglioglioma and
moyamoya syndrome, unsuccessfully treated with multiple burr holes
technique. (a and b) Axial turbo spin-echo T2-weighted and coronal
postgadolinium standard error T1-weighted images show the residual
sellar-suprasellar ganglioglioma with a solid enhancing portion and
pseudocystic parts. (c and d) Axial and coronal maximum intensity
projection-reformatted magnetic resonance imaging angiography show
narrowing of the left internal carotid artery and occlusion of the ipsilateral
middle cerebral artery

CT angiography was performed to evaluate the anatomy
of the angiogenetic vessels and a MRI perfusion study,
with arterial spin labeling technique, was used to identify
the hypoperfused brain areas [Figure 4d]. The line of the
surgical craniotomy was established on the fusion of two
different examinations preserving the portion of the skull
containing the burr holes with new angiogenesis [Figure 5].

Discussion

Surgical revascularization is the mainstay of the treatment
of moyamoya disease and syndrome.

Among different types of procedure, burr hole surgery
demonstrated effectiveness in revascularizing ischemic
brain tissue in the pediatric and adult patients with
moyamoya disease. Data suggest that all surgical
treatments, when performed at high-volume centers on
carefully selected patients, yield similar excellent results
regardless of the surgical approach. Indeed, to date, there
is no randomized trial assessing the superiority of any
surgical technique over any other.™

Endo et al, 1989, after the incidental discovery of a
certain revascularization potential from a frontal burr holes
placed for external ventricular drainage, initially proposed to
use MCBH in combination with encephalo-myosinangiosis
presenting a series of five pediatric cases. The authors
concluded that burr hole surgery was a beneficial
complement to standard revascularization surgeries for
juvenile cases of myotonic muscular dystrophy (MMD).
Suzuki et al® also evaluated the use of burr holes in
combination with other surgical techniques in a series
of pediatric MMD patients. They proposed the use of
a single frontal burr hole technique combined with the
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Figure 4: Case 3 - A 6-year-old female with impairment of the visual
function and headache. (a) Axial and coronal potgadolinium standard
error T1-weighted images show suprasellar lesion with solid enhancing
portion. (b) Coronal and axial maximum intensity projection-reformatted
magnetic resonance imaging angiography show narrowing of both the left
internal carotid artery and ipsilateral middle cerebral artery. (c) Cerebral
computed tomography scan three-dimensional volume-rendering shows
multiple burr holes performed in the left parietal and temporal bones.
Some holes in parietal bones are shrinking. (d) Arterial spin labeling
cerebral blood flow map shows persistent hypoperfusion in the left middle
cerebral artery territory. White arrow indicates a transit artifact suggesting
a delayed blood flow

superficial temporal artery MCA bypass in children older
than 5 years while in younger patients, they suggested
to perform encephalo-duro-arterio-synangiosis combined
with burr holes. A satisfactory outcome was also described
by Robertson et al.l! using pial synangiosis and a single
frontal burr hole. Dusick et al. published their results
regarding the combination of the burr holes with different
surgical techniques.[ Another indication for combining one
frontal burr hole with another indirect revascularization
technique (pialsynangiosis) came from Scott et al,®
focusing on a group of syndromic moyamoya patients only,
describing good clinical and radiological results.

In more recent times, different authors described the use of
MCBHs alone, starting from 1996, when Kawaguchi et al.
reported a series of 10 MMD adult patients, treated with a
variable number of burr holes.”” Results of this first series
showed a good revascularization, mainly from collateral
derived from MMA and subsequently, superficial temporal
artery. Despite these good results, 10 years had passed
before another publication concerning the use of MCBH
alone appeared. In 2006, Sainte-Rose ef al. reported a series
of 14 pediatric MMD patients treated using a larger number
of burr holes aiming at an extensive revascularization from
occipital to anterior territory. Good results were objectived
by postoperative angiography and in five cases only, by
perfusion MRI performed after 3 months.l'” Oliveira
et al. carried out similar procedure in a series of seven
pediatric MMD patients, presenting good angiographic
outcome showing an extensive collateralization by external
carotid artery collaterals.'"! A case report by Calviere et al.

Figure 5: Case 3 - Arterial spin labeling perfusion images fused on the
cerebral angio-computed tomography scan performed after almost 1 year
from the first revascularization procedure (multiple burr holes). “NF”
indicates holes which did not develop angiogenesis. “F” indicates hole
which developed angiogenesis. The site of craniotomy was decided on
the fused images preserving the portion of the skull containing burr holes
with new angiogenesis

presented a revascularization procedure with bilateral burr
hole surgery performed in a 39-year-old woman, which
resulted in complete regression of cognitive impairment.
Improvement in cognitive function correlated with the
development of transdural collaterals on angiography and
improvement in cerebral perfusion on MRI. This case
suggested a relationship between cognitive dysfunction
and cerebral hypoperfusion in MMD. In the opinion of
the authors, cognitive impairment may be potentially
reversible after burr hole surgery and cerebral perfusion
improvement.l'” Another case was published by Kapu et al.
who described a multiple burr hole surgery procedure (five
frontal, temporal, and parietal holes per side) as a treatment
for a pediatric symptomatic bilateral MMD patient.['3]
Clinical outcome was good but with one transient ischemic
attack after 6 months. Angiogram showed revascularization
around burr holes.

None of the cited article refers about the possibility of
a second operation, after the radiological and clinical
evidences of failure of the MCBH procedure. As described
above, we managed three pediatric cases of burr holes
technique revascularization failure where we proposed
a second surgery, using another indirect technique. Two
different types of issues should be considered: radiological
and surgical. First, the needing of second surgery after a
MCBH procedure makes the presurgical planning much
complex, to understand the relationship between the position
of the burr hole and the effective cortical hypoperfusion
notch. To better visualize the effective situation, we used a
fusion of 3D CT bone scan and perfusion MRI [Figure 5].
Further, skin incisions and craniotomy were planned to
avoid the disconnection of the revascularization already
occurred in some of the burr holes (see figure legend for
details), avoiding the theoretical risk of acute ischemia.
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Every time, a first surgery or reoperation is planned,
several factor should be considered before to decide
the best revascularization options, for example, the
presence of cortical atrophy, with an expansion of the
subdural space that could decrease the development of
neovascularization,['*15 or the presence and the caliber of
superficial temporal artery.

We think that our experience could confirm, as reported by
a literature analysis, that the role and the type of optimal
surgical revascularization technique for pediatric MMS
remain controversial. Furthermore, data from previous
medical literature suggest that surgical revascularization
is a safe intervention for pediatric MMS and most of the
treated patients derive some symptomatic benefit, but the
poor data on selection criteria and more global outcome
measures mean that even the long-term impact of surgical
revascularization on natural history remains uncertain.*!%!7]

Conclusions

Considering data from the literature, we could state that,
according to our experience, a combined indirect approach
should be preferred, especially in syndromic moyamoya
patients. MCBHs technique has a great importance and its
indications should be known by every surgeon dealing with
MMS and disease. MCBH is indeed an easy procedure
that could lead to get a good degree of neoangiogenesis
and it is useful to try to tailor revascularization, especially
in most frontal cortical territories. Nonetheless, we advise
that it should not be considered alone as the standard
initial operation for every moyamoya patient since, as
reported, its radiological and/or clinical outcome could
be less than optimal, especially in syndromic moyamoya
patients. To avoid the multiple diagnostic and reoperative
surgical caveats that we already described, we advise that,
if feasible, other indirect or combined procedures should be
chosen.
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