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OBJECTIVE The purpose of this report was to describe an international collaboration model to facilitate the surgical
treatment of children with epilepsy in Vietnam.

METHODS This model uses three complementary methods to achieve a meaningful expansion in epilepsy surgery ca-
pacity: US-based providers visiting Hanoi, Vietnam; Vietnamese providers visiting the US; and ongoing telecollaboration,
including case review and real-time mentorship using internet-based communication platforms.

RESULTS Introductions took place during a US neurosurgeon’s visit to Vietnam in 2014. Given the Vietnamese sur-
geon’s expertise in intraventricular tumor surgery, the focus of the initial visit was corpus callosotomy. After two opera-
tions performed jointly, the Viethamese surgeon went on to perform 10 more callosotomy procedures in the ensuing

6 months with excellent results. The collaborative work grew and matured in 2016-2017, with 40 pediatric epilepsy
surgeries performed from 2015 through 2017. Because pediatric epilepsy care requires far more than neurosurgery,
teams traveling to Vietnam included a pediatric neurologist and an electroencephalography (EEG) technologist. Also, in
2016-2017, a neurosurgeon, two neurologists, and an EEG nurse from Vietnam completed 2- to 3-month fellowships at
Children’s of Alabama (COA) in the US. These experiences improved EEG capabilities and facilitated the development of
intraoperative electrocorticography (ECoG), making nonlesional epilepsy treatment more feasible. The final component
has been ongoing, i.e., regular communication. The Vietnamese team regularly sends case summaries for discussion

to the COA epilepsy conference. Three patients in Vietnam have undergone resection guided by ECoG without the US
team present, although there was communication via internet-based telecollaboration tools between Vietnamese and US
EEG technologists. To date, two of these three patients remain seizure free. The Viethamese team has presented the
results of their epilepsy experience at two international functional and epilepsy surgery scientific meetings.

CONCLUSIONS Ongoing international collaboration has improved the surgical care of epilepsy in Vietham. Experience
suggests that the combination of in-country and US-based training, augmented by long-distance telecollaboration, is an
effective paradigm for increasing the capacity for highly subspecialized, multidisciplinary neurosurgical care.
https://thejns.org/doi/abs/10.3171/2018.7.FOCUS18254
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has recently been highlighted,®® with 11% of the
global disease burden attributed to surgical prob-
lems.?' While historically perceived as an unaffordable
luxury, surgical care is now recognized as an essential

THE essential role of surgical services in global health

and cost-effective component of healthcare even in the
developing world.® Neurosurgery, because of its lengthy
training and perceived cost inefficiency, has lagged behind
other surgical services, and calls for expanding neurosur-
gical capacity have grown increasingly urgent.'8-32

ABBREVIATIONS AED = antiepileptic drug; COA = Children’s of Alabama; ECoG = electrocorticography; EEG = electroencephalography; SSEP = somatosensory evoked

potential.
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Epilepsy results from a highly diverse group of congeni-
tal and acquired conditions, affecting roughly 50 million
people worldwide.?” Failure to adequately manage seizures
increases the risk of sudden death and frequently leads to
life-long functional disability, as well as impairment in
psychosocial adjustment, social integration, and employ-
ment.'22 With the exception of stroke, epilepsy is the lead-
ing cause of years of life lost (due to sudden unexplained
death) among all neurological disorders worldwide.*' Many
patients with lesional epilepsy are imminently treatable
with resection, and the consequences of failing to treat these
patients is a significant burden on low-income countries.*

Here, we describe one model for the expansion of mul-
tidisciplinary pediatric epilepsy care in Hanoi, Vietnam.

Methods

Local Context

All cases were performed at the Viet Duc Hospital,
the National Cancer Hospital, or the National Hospital
of Pediatrics in Hanoi, Vietnam, between 2014 and 2018.
Established in 1904 as part of the French Indochina Medi-
cal College, Viet Duc Hospital has developed into one of
the more important surgical hospitals in Vietnam, with
more than 1000 beds and 30 operating rooms. The Na-
tional Cancer Hospital, or K Hospital, was established in
1923 and is the largest hospital specializing in oncology in
Vietnam, including three campuses with over 1500 beds.
The National Hospital of Pediatrics, established in 1969,
performs 6000 major surgeries annually and is the largest
children’s hospital in the northern region of Vietnam.

In-Country Training Programs

In 1997, there were approximately 60 neurosurgeons in
Vietnam.** Neurosurgical training has expanded dramati-
cally over the past 20 years, and while an accurate census
of currently practicing neurosurgeons is difficult to ob-
tain, there are an estimated 260 neurosurgeons practicing
in Vietnam, providing care for a population of more than
96 million people.*® The northern district of Vietnam,
centered around Hanoi, has four pediatric neurosurgeons,
serving a population of over 50 million. There are two
adult and two pediatric neurosurgery training programs
for all of Vietnam, located in either Ho Chi Minh City or
Hanoi.>* Adult neurosurgery is a separate track from pe-
diatric neurosurgery training, each involving a 3-year pro-
gram. Graduates pursuing academic careers also practice
under supervision for an additional 4-5 years.*

Equipment and Supply

To support a comprehensive epilepsy program, equip-
ment and supply needs must be met. Computed tomog-
raphy and MRI facilities were available on-site at each
hospital, as were operating microscopes and neuroendos-
copy equipment. Electroencephalography (EEG) had been
widely used. The necessary equipment for intraoperative
electrocorticography (ECoG) was available, though ECoG
had not been used prior to this collaboration. Advanced
imaging modalities used for nonlesional epilepsy workup
such as single-photon emission CT (SPECT) or magne-
toencephalography (MEG) were not available. However,
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positron emission tomography (PET) was available and
was helpful in selecting suitable candidates for surgical
treatment with intraoperative ECoG.

Three complementary methods were used to achieve
a meaningful expansion in epilepsy surgery capacity: 1)
US-based providers visiting Hanoi, Vietnam; 2) Vietnam-
ese providers visiting the US; and 3) ongoing telecollabo-
ration, including case review and real-time mentorship us-
ing internet-based communication platforms.

Results
The history of the collaboration is shown in Table 1.

Early Collaborative Period

Introductions took place during a US neurosurgeon’s
visit to Ho Chi Minh City, Vietnam, in 2014, during which
time discussions were held with neurosurgeons from Ha-
noi regarding further collaborations with their hospitals.

Epilepsy Surgery Training in Vietnam

In 2015, neurosurgeons from Children’s of Alabama
(COA) traveled to Hanoi, Vietnam, to provide in-country
training on epilepsy surgery techniques. Given the Viet-
namese surgeon’s (N.D.L.) expertise in intraventricular
tumor surgery, the focus of the initial visit was corpus
callosotomy. Particular attention was paid to surgical in-
dications and patient selection. After two operations per-
formed jointly, the Vietnamese surgeon went on to per-
form 10 more callosotomy procedures in the ensuing 6
months with excellent results.

The COA team returned to Hanoi for weeklong visits
in 2016 and 2017 to provide additional support and train-
ing. Because pediatric epilepsy care requires far more than
neurosurgery, teams traveling to Vietnam included a pedi-
atric epileptologist (P.K. and EEG technologist (D.T.K.).
In 2016, the visit to Vietnam focused on epilepsy electro-
diagnostics and patient selection for disconnection proce-
dures. The team conducted lectures and hands-on training
in fine-tuning EEG equipment, display techniques for EEG
recording, EEG electrode application, and intraoperative
monitoring. The main surgical focus of the 2016 visit was
functional hemispherotomy. In 2017, the visit focused on
the surgical treatment of nonlesional, nonhemispheric epi-
lepsy, with a special emphasis on resection based on ECoG.
Technologists and neurologists gained additional experi-
ence with phase reversal somatosensory evoked potentials
(SSEPs) to localize the central sulcus. In addition, the Na-
tional Hospital of Pediatrics in Vietnam hosted an all-day
didactic course attended by EEG nurses and technologists
from around the region. Finally, three patients underwent
resection of epileptogenic foci performed by a surgical team
of both US and Vietnamese surgeons, with intraoperative
ECoG performed by a joint team of US and Vietnamese
EEG technologists, nurses, and neurologists. Two of these
patients remained seizure free at the most recent follow-up.

US-Based Training Program

The Global Surgery Program at COA was established
to facilitate and coordinate the development of compre-
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TABLE 1. Five-year history of Vietnam—COA epilepsy surgery collaboration

Year Specific Event
2013 Initial visit from COA neurosurgery to neurosurgeons in Ho Chi Minh City, Vietnam
2014 Introduction to neurosurgeons in Hanoi interested in expanding epilepsy surgery experiences

Ongoing discussions w/ neurosurgeons in Hanoi about expanding collaboration

2015 First visit to Hanoi by COA neurosurgeons

Operative focus: corpus callosotomy

2016 Continued visits from COA team

Vietnamese neurosurgeon, two neurologists, & EEG nurse complete focused training at COA

Operative focus: functional hemispherotomy

2017 Two research abstracts on epilepsy program presented by Vietnamese team at international conferences

First long-distance telecollaboration on intraop ECoG

Continued visits from COA team & review of Vietnamese epilepsy cases at multidisciplinary epilepsy conference

Creation of dedicated epilepsy monitoring unit for long-term EEG monitoring in Hanoi

Operative focus: nonlesional, nonhemispheric epilepsy w/ special emphasis on resection based on ECoG

2018 Self-sufficient epilepsy program established w/ reduced need for case review at COA epilepsy conferences

Ongoing collaboration & research initiatives

hensive, multidisciplinary programs for surgical diseases
based on strong, collaborative relationships with large
pediatric hospitals in low- and middle-income countries.
Subspecialty fellowship training at COA is an established
component of this effort. Over the last 4 years, eight in-
ternational neurosurgeons from five countries have under-
gone dedicated pediatric neurosurgery training at COA
hospital, ranging in duration from 3 months to 1 year.

As part of this program, in 2016-2017, a neurosurgeon,
two neurologists, and an EEG nurse from Vietnam com-
pleted 2- to 3-month fellowships at COA in the US. For
neurologists and EEG nurses, clinical neurophysiology
lectures and hands-on video-EEG review with an empha-
sis on how to identify pertinent lateralizing seizure semi-
ology were conducted throughout their visit. The visiting
neurosurgeon participated in daily case conferences and
served as an observer in the operating theater and clinic.
These experiences improved EEG capabilities and facili-
tated the development of intraoperative ECoG, making
nonlesional epilepsy treatment more feasible. Upon the
neurosurgeon’s return to Hanoi, an epilepsy monitoring
unit, based on the COA epilepsy monitoring unit, was es-
tablished at the National Hospital of Pediatrics.

Ongoing Telecollaboration

The final component is ongoing, regular communica-
tion. The Vietnamese team regularly sends case summa-
ries for discussion at the COA epilepsy conference. Seven
cases were reviewed in 2015-2016, 13 in 2017 (three of
which underwent surgery during the 2017 visit of the US
team), and, to date, 14 in 2018.

Finally, three additional patients in Vietnam underwent
resection guided by ECoG without the US team present,
although there was communication via internet-based
telecollaboration tools between the Vietnamese and US
EEG technologists. Constant, live feedback between the
EEG technologists in Vietnam and those in Alabama fa-
cilitated intraoperative ECoG and phase reversal SSEP. To
date, two of these patients have remained seizure free.

Clinical Outcomes

Results from one portion of the epilepsy program de-
scribed above were presented in abstract form at the 11th
Scientific Meeting for the Asian Australasian Society of
Stereotactic and Functional Neurosurgery held in Sun-
Moon Lake, Taiwan, on April 20, 2018. From January 2015
through August 2017, a prospective study was conducted
of all pediatric patients undergoing surgery for medically
refractory epilepsy at Viet Duc Hospital and the National
Cancer Hospital. Forty cases were treated during the study
period. The median patient age was 9.1 years (range 2—-17
years) for patients undergoing temporal lobectomy and 8.1
years (range 4—15 years) for patients undergoing surgery
for extratemporal lobe epilepsy. Thirty-five percent of the
patients underwent surgery for temporal lobe epilepsy and
37.5% for extratemporal lobe epilepsy, whereas 22.5% un-
derwent corpus callosotomy and 5% underwent functional
hemispherotomy. At 12 months postoperatively, 85.7% of
the patients who had undergone surgery for temporal lobe
epilepsy were seizure free, while 77.8% of those who had
undergone extratemporal lobe resection were seizure free.
Among the callosotomy patients, 66% experienced a re-
duction in seizure frequency. Of the two patients who un-
derwent functional hemispherotomy, one was seizure-free
and the second had decreased seizure frequency. There
were no deaths, and the only morbidity was one case of a
postoperative wound infection requiring antibiotics.

Sustainability and Research Productivity

At the time of writing this paper, the epilepsy program
in Vietnam is approaching self-sufficiency. Neurosur-
geons from COA continue to provide clinical and surgical
expertise through short-term trips and as-needed remote
telecollaboration between visits. Patients under consider-
ation for surgical epilepsy treatment are reviewed by the
Vietnamese team as well as remotely at the COA epilepsy
conference.

The Vietnamese team has presented the results of their
epilepsy experience at two international functional and
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epilepsy surgery annual scientific meetings and continues
to collect clinical outcomes data on their epilepsy surgery
patients.

Discussion
Epilepsy Surgery in the Developing World

At least 80% of the roughly 50 million people with epi-
lepsy in the world live in developing countries, with 90%
of them failing to receive adequate medical treatment.’’
In Vietnam, knowledge about epilepsy among many of its
citizens remains limited. Negative attitudes toward people
with epilepsy are prevalent. In one study conducted in
rural Vietnam, 82% of respondents would object to their
child marrying someone with epilepsy, and 36% would
not want their child to play with someone with epilepsy.*

While the clinical outcomes achieved by the Vietnam-
ese team are outstanding relative to those in the epilepsy
surgery literature, surgical failure remains a significant
challenge in epilepsy surgery.?>#® This is particularly true
in pediatric epilepsy, where localized epilepsy is almost
inherently neocortical, with cortical dysplasia as the most
common pathological finding" and failure rates often ap-
proaching 50%. As a result, epilepsy surgery, particularly
cases without a clear anatomical correlate to scalp EEG
and seizure semiology, has historically been viewed as too
time and resource intensive to be a priority in the develop-
ing world.

It is reasonable to consider whether such emphasis on
high-complexity care is prudent in areas where access to
even basic surgical services is limited.>33 In many cases
of epilepsy surgery, however, equipment needs are com-
parably modest, hospital stays short, and the long-term
psychological and productivity impacts large. We suggest
that epilepsy surgery should be considered alongside such
interventions as endoscopic third ventriculostomy for hy-
drocephalus and craniotomy for acute extraaxial hema-
toma when discussing interventions worthy of early intro-
duction to increase neurosurgical capacity in developing
countries.

Antiepileptic Drugs in Vietnam

The medical management of epilepsy faces multiple
challenges in Vietnam, emphasizing the potential role for
surgical intervention. In a recent study performed in rural
Vietnam, only 15% of people with active epilepsy were on
appropriate antiepileptic drug (AED) treatment despite the
existence of a national program that provides phenobar-
bital and phenytoin free of charge.® The 85% treatment
gap observed in Vietnam is comparable to the estimated
56% treatment gap worldwide, with 80%—-90% of people
with epilepsy in developing countries lacking access to
adequate treatment.” Regional variations are dramatic,
with a recent study from Tibet reporting a treatment gap
of 97%.% Patients in Vietnam who did not receive appro-
priate AEDs most commonly stated that the number of
seizures were insufficient to justify the expense, stigma,
and difficulty of obtaining the drugs. While two AEDs are
free of charge, patients can only obtain the “free” medi-
cation by attending monthly appointments with speci-
fied physicians. Additionally, the quality and availability
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of AEDs in Vietnam is inconsistent. In 2006, only 57%
of Vietnamese pharmacies had any AED available, with
most offering only one or two.?® Carbamazepine, phe-
nytoin, valproate, and diazepam were most commonly
available. Monthly treatment costs ranged from US$3.30
to US$22.50. However, quantities and options at any giv-
en pharmacy remain very limited, and only 35% of the
tablets for carbamazepine and phenytoin were correctly
dosed—perhaps because of the variable sensitivity of
AEDs to storage conditions and environmental factors.?’

Multidisciplinary Program Development and Training
Model

In low-resource settings, high-complexity surgical care
requiring a multidisciplinary team poses particular chal-
lenges but is not without precedent. Awake craniotomy
has been successfully taught and implemented in Ghana
and has been promoted as safe, resource sparing, and sus-
tainable.” Creative solutions and adaptions of local tech-
nology can also overcome limitations in equipment and
facilities.**

In many developing countries, the expansion of subspe-
cialty neurosurgical care is assisted by a combination of
nonprofit organizations, the sustained presence of visiting
teams, and both in- and out-of-country training.!10:17:26:3546
Providing a neurosurgeon with the technical training to
perform a procedure is insufficient. To successfully es-
tablish an epilepsy surgery program, epileptologists, EEG
technologists, nurses, and biomedical support team mem-
bers must all receive additional training.

Formal out-of-country fellowship training is common
among many surgical subspecialists in low- and middle-
income countries® and is an essential component of this
model. Such out-of-country training has been advocated
as a means of rapidly increasing neurosurgical capacity in
low-resource settings.!! While short-term visitations can
provide valuable training and medical supplies, sustain-
able training efforts are required to break the cycle of de-
pendence on foreign aid.*’

Finally, as has been demonstrated here, novel telecol-
laboration tools have been effectively used for long-dis-
tance neurosurgical training and capacity building in the
developing world,’ and visiting professorships have been
advocated to enhance the level of neurosurgical training.’
As a result of these considerations, we believe a multi-
pronged approach to training is a viable and generalizable
mechanism for enhancing neurosurgical capacity.

Future Refinements

A fundamental paradigm shift in the management
of medically refractory epilepsy is currently underway.
Evolving technologies are allowing ever-greater precision
in localization, while the number of new techniques for
localization, lesioning, and stimulation has grown sub-
stantially. A number of centers are moving to a stepwise
approach of progressively invasive interventions, taking
a staged, palliative, and minimally invasive approach in
difficult cases. While these advances have expanded the
armamentarium of epilepsy surgeons, diffusion of these
techniques to the less-developed world has been limited.
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Many of these technological innovations are unavailable
to most patients in Vietnam, including MRI-guided laser
interstitial thermal therapy,®! responsive neurostimula-
tion,'®2? and vagus nerve stimulation.'* However, the de-
velopment of a comprehensive epilepsy program does not
require the availability of every technological product at
the outset. As the program grows, these and other new
technical advancements will continue to be incorporated.

Local Practice Environment

Neurosurgical services and neurosurgical training is
highly developed in Vietnam, with a wide range of neuro-
surgical services offered. In such an environment, collabo-
rations with neurosurgeons in other countries can provide
refinements and offer new techniques. For neurosurgeons
in high-income countries looking to form international
partnerships, a full understanding of local capacity and
the local practice environment is essential. Neurosurgeons
in Vietnam are highly trained in microsurgical techniques
and face a remarkable breadth and complexity of neuro-
surgical cases on a daily basis. Therefore, collaborations
with international teams are most valuable when focusing
on specific, highly subspecialized techniques that are not
currently available.

Brain Drain and Training Considerations

The global shortage of surgeons is only expected to
worsen.*# In Vietnam today, there is an estimated ratio of
one neurosurgeon per 369,000 people. By contrast, the op-
timum neurosurgeon-to-population ratio is broadly cited as
1:100,000,>° and the ratio in the US is nearer to 1:55,000.2

Permanent emigration of physicians following training
is a significant strain on healthcare systems in developing
countries.’ In-country postgraduate training decreases the
risk of physician emigration.”* Furthermore, local train-
ing emphasizes the regional, socioeconomic, and cultural
framework to successfully retain graduates.* Groups such
as the Foundation for International Education in Neu-
rological Surgery (FIENS) and the World Federation of
Neurosurgical Societies (WFNS), among many others,
have large and active programs to augment local neuro-
surgical training across the globe. Newer internet-based
matching services like InterSurgeon.org may also facili-
tate similar clinical and educational partnerships outside
of the traditional academic neurosurgical community. The
model described here provides benefits in the transfer of
technology, knowledge, and skill, while the risk of perma-
nent emigration is decreased by the provision of subspe-
cialty, highly focused training.

Conclusions

Here, we describe an ongoing multidisciplinary col-
laboration between neurosurgeons in Vietnam and those
at COA for expanding the capacity in epilepsy surgery
in Hanoi, Vietnam. Given the need for multidisciplinary
teams and the large number of international nongovern-
mental organizations focusing on epilepsy, we believe this
model of building on a nascent epilepsy program is highly
generalizable. With the addition of relevant surgical skills,
equipment, and neurological and EEG support, a large
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multidisciplinary epilepsy surgery center can be success-
fully established.
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