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Doing More with Less

Moyamoya Disease in an 8-Year-Old Boy: Direct Bypass Surgery in a Province of Peru
Joham Choque-Velasquez1,2, Roberto Colasanti1,2,4, Danil A. Kozyrev2, Juha Hernesniemi1,2, Akitsugu Kawashima1,3

BACKGROUND: Pediatric moyamoya cases may be very
arduous, even more so in a developing country, where
access to specialized centers may be prevented by
different factors.

-

CASE DESCRIPTION: Herein we report a challenging
case, which was managed in the new Neurosurgical
Center of Trujillo, regarding the direct anastomosis between the left superficial temporal artery and a cortical
branch of the left middle cerebral artery in a 8-year-old
Peruvian boy with moyamoya disease. Postoperatively,
the patient’s motor deficits and aphasia improved. To the
best of our knowledge, this is the first performance of a
direct revascularization for a pediatric moyamoya case in
Peru.

-

CONCLUSIONS: The creation of highly specialized
neurosurgical centers in the main strategic places of
developing countries may allow optimal treatment of
neurosurgical patients with complex diseases.

-

INTRODUCTION

D

irect bypass surgery for moyamoya disease is particularly
demanding, even more so in a developing country,
where access to specialized centers may be impeded by
different factors. The absence of neurosurgeons with
speciﬁc experience in bypass procedures for pediatric moyamoya
disease makes it practically impossible to use direct revascularization for these cases. Moreover, as previously reported, economic
issues, an inequitable geographic distribution of major specialty
services, and some cultural aspects, such as a large variety of

A right-handed 8-year-old Peruvian boy was admitted to his local
hospital in El Callao for recurrent right-sided tonic-clonic seizures
associated with motor deﬁcits and partial language deﬁcit. His
pathologic anamnesis was unremarkable except for a 4-year history of chronic headache. A computed tomographic (CT) scan
revealed diffuse cerebral edema in the left frontal region. Owing to
the absence of angiographic studies, viral encephalitis was initially
suspected, and empiric antiviral therapy was started, together with
antiepileptic drugs.
Twenty days after the ﬁrst admission, the patient again had
tonic-clonic seizures associated with severe left-sided motor
deﬁcit. Moreover, his speech deﬁcit reappeared and was more
serious than the ﬁrst time. During the next 48 hours the patient
experienced severe neurologic deterioration and was transferred to
the intensive care unit.
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native languages, contribute to exacerbate the disparities in the
quality of health care between rural and urban populations in
Peru.1-4
In 2013, Es-Salud (Peruvian Social Security Health System)
started a crucial plan called “Plan Conﬁanza” with the aim to
improve the aforementioned problems. This project promotes the
development of specialized neurosurgical centers in the main
strategic places all around the country to make feasible an optimal
treatment of neurosurgical patients. The creation of a Neurosurgical Center of Excellence in Trujillo, led by Professor Juha Hernesniemi and his team, falls within this plan.4,5
Herein we present a challenging case, which was managed in
the new Neurosurgical Center of Trujillo, regarding the direct
anastomosis between the left superﬁcial temporal artery and a
cortical branch of the left middle cerebral artery in an 8-year-old
Peruvian boy with moyamoya disease. To the best of our knowledge, this is the ﬁrst performance of direct revascularization for a
pediatric moyamoya case in Peru.
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resources and highly specialized surgical and diagnostic skills.
Then, the patient was moved to a neurologic center of higher
The resulting high volume of specialist procedures in a few
complexity in Lima, where he underwent further diagnostic
centers makes it easier and quicker to train of doctors, thus
studies. A cerebral CT scan and magnetic resonance imaging
improving the quality of neurosurgical care. Obviously, central(MRI) evidenced acute ischemia in the right middle cerebral artery
ized systems require an impeccable system for transferring
and right anterior cerebral artery territories. Cerebral digital subpatients.4
traction angiography revealed complete occlusion of both internal
carotid arteries, distal to the ophthalmic artery on the right side,
On the other hand, as other experiences have demonstrates,6-8
and distal to the posterior communicating artery on the left side.
we believe that an effective decentralization of major specialist
Basal ganglia moyamoya collaterals were observed bilaterally. The
services, together with an efﬁcient use of the available resources,
right posterior communicating artery was patent after the injection
may allow the improvement of healthcare systems in developing
of the contralateral left internal carotid artery; however, no sigcountries. In fact, a wise decentralization could help distribute and
niﬁcant collateralization was evident, particularly from the right
retain highly specialized health workers in remote areas, thus
external carotid artery (Figure 1).
ameliorating treatment outcomes in rural populations. As a result,
Owing to the absence of neurosurgeons with experience in
this could make possible a straightforward management of most
bypass procedures for pediatric moyamoya disease, it was decided
of the neurosurgical cases, and of all emergencies, while
to schedule an indirect revascularization procedure for the
decreasing or limiting the transfer of patients to other centers just
following months. Meanwhile, the patient’s neurologic status
to the more complex and nonurgent cases. In addition, this could
partially improved, and he experienced severe left hemiparesis and
also permit the wait list for elective cases to be reduced while
expressive aphasia.
offering the entire population appropriate and well-timed clinical
Since February 2016, thanks to the cooperation of the Helsinki
and surgical care.4,5
Neurosurgery Team and Es-Salud Peru, a high center of excellence
In May 2016, thanks to the Plan Conﬁanza program of Es-Salud,
in microneurosurgery has been developed in Trujillo, Peru. As a
the ﬁrst Peruvian Neurosurgical Center of Excellence was created
part of our activities, the “ﬁrst cerebral bypass and vascular
in Trujillo.4,5,9-13 Moreover, thanks to the participation of promimicrosurgery live course” was held.
nent vascular neurosurgeons, the ﬁrst cerebral bypass and vascular
The patient underwent 2 direct bypass procedures between the
microsurgery live course was carried out. The senior author (A.K.)
left superﬁcial temporal artery and the left middle cerebral artery,
performed for the ﬁrst time in Peru a left superﬁcial temporal
which were performed by the senior author (A.K.) (Figure 2). The
artery-to-middle cerebral artery bypass procedure in a pediatric
postoperative course was uneventful, and surprisingly the patient
patient with severe moyamoya disease.
could articulate some simple words at the immediate
A pediatric patient with severe moyamoya disease and bihepostoperative evaluation. One year after his surgery, the patient
mispheric symptoms is very challenging. Even though we initially
can perform his daily activities with some assistance, he is able
planned an indirect revascularization, direct bypass surgery was
to walk without any support, and he can pronounce
ﬁnally carried out with the aim of reducing the risk of
simple words, still with some difﬁculty; Video 1
future ischemic complications in the relatively less
shows preoperative and postoperative radiologic
damaged left cerebral hemisphere. Indeed, even if the
studies and the postoperative neurologic status of
brain MRI had not shown infarcts into the left lanthe patient. However, a moderate left-side hemiguage area, complete expressive aphasia was present.
paresis with severe distal dysfunction is still present.
We believe that the impairment of language was
Video available at
WORLDNEUROSURGERY.org
It may still be possible to perform an indirect or direct
related to a hypoperfusion resulting from narrow cerevascularization if a bypass surgeon is available for
rebral vessels in a still developing brain. Hence, we
this young patient.
selected a direct revascularization procedure because of the
limited left cerebral hemisphere ischemia in a patient with
aphasia.
DISCUSSION
Initially, a simultaneous right side bypass was also considered.
However, in the end, the plan of a simultaneous bilateral bypass
Economic, cultural, and geographic reasons usually limit the access to specialized health centers in developing countries, espewas dismissed because of the high risk of hyperperfusion syndrome, postoperative hemorrhage, or both in a patient with a
cially in rural areas.1-4
relatively recent large right cerebral hemisphere ischemia. At his 1In Peru, a country with a population of approximately 30
year follow-up visit, the clinical status of the patient is good and
million, the most developed neurosurgical centers are in Lima, the
stable, and a new procedure for right direct or indirect revascucapital of the country. The few neuroendovascular units of the
larization is pending.
country are also concentrated in the capital district.
The diagnosis of moyamoya disease requires the evidence of
Because the system for transferring patients does not
narrowing of the distal internal carotid arteries, which extends to
work effectively, the transport of an inpatient from more than a
the proximal middle cerebral and anterior cerebral arteries, along
thousand of kilometers far inside the country to Lima implies
with collateral circulation formation at the base of the brain. Cea huge monetary investment and may represent a high risk
rebral angiography is the criterion standard for the diagnosis of
for the inpatient himself or herself. As described in our
moyamoya disease.14,15
previous report, the beneﬁts of centralized systems constitute a
Class I recommendations for the treatment of moyamoya
more simple protocol for the treatment of neurosurgical patients.
Few neurosurgical centers assemble the best technologic
disease emphasize revascularization surgeries, which may
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Figure 1. (A) Preoperative cerebral magnetic resonance images showing
acute ischemia in the right middle cerebral artery and right anterior cerebral
artery territories. (B, C) Preoperative cerebral digital subtraction
angiographic images showing (B) left internal and external carotid artery
branches and (C) right internal and external carotid artery branches,

be categorized into direct and indirect procedures.16 Indirect
revascularization is characterized by the placement of dura
mater, temporalis muscle, or superﬁcial temporal artery onto
the surface of the brain to stimulate subsequent
angiogenesis. Direct revascularization is usually mediated by
the anastomosis between the superﬁcial temporal artery and a
cortical branch of the middle cerebral artery. This last
procedure is challenging and demands an experienced vascular
neurosurgeon. As a consequence, children with moyamoya
disease have undergone indirect revascularization procedures
in most cases.15

Figure 2. Postoperative computed tomographic angiographic 3-dimensional
reconstructions illustrating the size of the craniotomy (A) and the 2 direct
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revealing complete occlusion of both internal carotid arteries, distal to the
ophthalmic artery on the right side, and distal to the posterior
communicating artery on the left side. Basal ganglia moyamoya collaterals
were observed bilaterally.

The senior author (A.K.), who has performed more than
1000 bypass procedures and has wide experience in direct bypass
for moyamoya disease, decided to the perform superﬁcial temporal artery-to-middle cerebral artery anastomosis on the basis of
the above-mentioned clinical and radiologic features.17-19
According to a recent systematic review, indirect revascularization is associated with superior long-term results compared with
direct procedures in both children and adults. Moreover, possible
complications related with direct bypass are hyperperfusion syndrome, probable rapid stenosis of the internal carotid artery, and
disturbance in the development of moyamoya collaterals.20

bypasses (B, C) that were carried out between the left superficial temporal
artery and the left middle cerebral artery.
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In addition, indirect techniques, which are technically less
demanding, do not require temporary occlusion of the middle
cerebral artery branches. Nonetheless, with indirect revascularization procedures, the development of collaterals is limited to the
area of the craniotomy.21 Moreover, indirect techniques take
several months of angiogenesis, in contrast to the immediate
reperfusion offered by a low-ﬂow superﬁcial temporal artery-tomiddle cerebral artery bypass.22
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