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Preoperative DVT screening in 
neurooncology: is it cost-effective to 
perform duplex sonography in all 
patients? 

TO THE EDITOR: We studied with keen interest the 
article by Pandey et al.5 regarding the role of preoperative 
deep vein thrombosis (DVT) screening in neurooncology 
(Pandey A, Thakur B, Hogg F, et al: The role of preopera-
tive deep vein thrombosis screening in neurooncology. J 
Neurosurg 130:38–43, January 2019). We commend the 
authors for analyzing this pertinent clinical problem. They 
concluded that preoperative screening for DVT is a worth-
while endeavor in patients undergoing neurosurgical in-
tervention. However, there are a few important points that 
we would like to bring to the attention of the readers of the 
Journal of Neurosurgery.

The authors have stated that the Wells score or serum 
D-dimer levels have a high negative predictive value in 
oncology patients. However, they cited the study by Car-
rier et al.2 and conveyed that a low Wells score and a low 
D-dimer level are not a common combination in this pa-
tient group. They included all cases of cranial tumors in 
their study including meningiomas, gangliogliomas, and 
other low-grade gliomas. Since their study does not in-
clude only cancer patients, it would be incorrect to assume 
that a low Wells score and a low D-dimer level would be 
uncommon in the patients included in their study. We be-
lieve that many preoperative cases of brain tumor have a 
low Wells score and can rule out DVT in a significant por-
tion of the cases. Additional investigation using Doppler 
ultrasound would not be cost-effective in all the cases. A 
young, neurologically intact patient without any known 
medical comorbidities diagnosed with low-grade glioma 
would have a low Wells score and does not, in our opinion, 
warrant additional Doppler ultrasonography. The authors 
found 7 patients to have DVT on screening via bilateral 
lower-limb venous Doppler ultrasonography. It would be 
relevant to know the Wells score level in these patients. A 
high Wells score would point towards the need for Dopp-
ler ultrasonography in such patients. 

Various studies1,3,4,6 have found a prolonged duration 
of surgery to be a significant factor in the development 
of DVT. In their study, Pandey and colleagues started 

prophylactic-dose enoxaparin in all patients, both those 
with and those without preoperative DVT findings, usu-
ally within 24 hours of surgery. This included patients 
who underwent biopsy. A patient with a low preoperative 
Wells score undergoing biopsy (short duration of surgery) 
for brain tumor does not mandate a DVT chemoprophy-
laxis in our opinion. 

We believe that Doppler ultrasound screening should 
be reserved only for patients with a high Wells score or 
high D-dimer levels, and routine screening in all cases of 
brain tumors may not be cost-effective.
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Establishing the role of prophylactic 
antiepileptic drugs in glioma and 
meningioma surgery

TO THE EDITOR: Joiner et al.3 report the findings of 
their meta-analysis on the effectiveness of perioperative 
antiepileptic drug (AED) prophylaxis for early- and late-
onset seizures following oncologic surgery (Joiner EF, 
Youngerman BE, Hudson TS, et al: Effectiveness of peri-
operative antiepileptic drug prophylaxis for early and late 
seizures following oncologic neurosurgery: a meta-analy-
sis. J Neurosurg 130:1274–1282, April 2019). The authors 
conclude that AED prophylaxis with phenytoin reduces 
seizure risk within the 1st week of surgery based on an 
analysis of 352 patients with 131 gliomas, 108 metasta-
ses, 97 meningiomas, and 17 suprasellar tumors. While 
the analysis did not show an effect on short- and long-term 
seizures, it nevertheless provides a timely opportunity to 
revisit the perennial question of the role of prophylactic 
AEDs in brain tumor surgery and the need for well-de-
signed randomized controlled trials (RCTs) that address 
both perioperative and late-onset seizure risk. We propose 
that patients with glioma and meningioma will derive the 
greatest benefit from preventing seizures. However, unless 
the issue of equipoise is addressed, these trials are difficult 
to deliver, especially given the marked variation in prac-
tice and the almost universal use of prophylactic AEDs in 
some geographic territories.1

In the United Kingdom, routine AED prophylaxis is 
less prevalent. A survey of members of the Society of 
British Neurological Surgeons (76 of 349 neurosurgeons 
responded across 28 of 32 adult neurosurgery units) dem-
onstrated that for meningioma surgery the majority of sur-
geons (n = 44; 59%) almost never prescribe prophylactic 
AEDs but that 80% (n = 61) would be willing to partici-
pate in an RCT. For gliomas, AED prophylaxis is never 
used by 71% of surgeons but 74% would participate in an 
RCT.

In randomized trials of AED prophylaxis, there are sev-
eral considerations. First, the incidence of postoperative 
epilepsy in seizure-naïve patients varies between gliomas 
and meningiomas, so the trial should be tumor specific—
for example, based on recent studies on meningiomas,2 to 
detect a reduction in the 12-month seizure rate from 10% 
to 5%, a power to 80% would require 435 patients in each 
arm (870 in total). Second, the pathological mechanism un-
derlying seizure generation may be different such that the 
incurable nature and continued infiltrative growth of glio-
mas would lead to seizures affecting up to 50% of patients 
during their illness. In contrast, the inflammatory changes 
following meningioma surgery carry a much lower risk 
and might be amenable to novel antiinflammatory agents, 

such as interleukin-1 receptor antagonists.4 This may pro-
vide additional benefit in the longer term by interrupting 
the epileptogenic process even with short-lived treatment 
in the acute phase. Third, we should be agnostic about the 
direction of effect of prophylactic AEDs and accept that 
their use might equally cause harm or benefit. Fourth, any 
study should collect data on imaging characteristics, surgi-
cal procedure, and postoperative complications in order to 
determine whether prophylaxis is beneficial in all cases or 
whether only a subset of patients will benefit.

The United Kingdom provides a unique setting for 
RCTs of prophylaxis due to the low levels of use of routine 
AED prophylaxis for glioma and meningioma surgery and 
the willingness of neurosurgeons to consider wider equi-
poise and participate in trials. The SPRING trial (Seizure 
Prophylaxis In Gliomas; https://www.journalslibrary.nihr.
ac.uk/programmes/hta/1631136#/) will determine whether 
in seizure-naïve newly diagnosed glioma patients prophy-
lactic levetiracetam administered preoperatively and for 
at least 1 year postoperatively will produce a > 50% re-
duction in the risk of developing seizures when compared 
to no AED. The study will randomize 806 patients, in 
15 neurosurgery units, over 3 years and is due to open in 
2019. A similar trial for meningiomas, the Surgical Trial 
Of Prophylaxis for Epilepsy in Meningioma (STOP’EM), 
is in development.  

While current AEDs suppress seizures, they do not ad-
dress the underlying pathophysiological mechanisms that 
lower the threshold for uncontrolled electrical activity at 
the neuronal level. In the context of preventing seizures, 
the ideal therapeutic window may require pretreatment 
before a neuronal insult, which is problematic in many pa-
thologies. However, in the context of meningioma surgery, 
there is the tantalizing possibility of inhibiting the peri-
operative inflammatory response to circumvent the induc-
tion of epileptogenesis, leading to long-term postoperative 
seizure control.

While these trials are in progress, this meta-analysis 
provides the current best evidence for prophylaxis in the 
immediate perioperative period, but it is limited by the 
small sample size and mixed tumor types. No doubt neu-
rosurgeons will continue to use prophylactic AEDs, even 
in the absence of better quality evidence.
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Response
In their letter, Jenkinson et al. address our recent me-

ta-analysis on the effectiveness of AED prophylaxis fol-
lowing brain tumor resection and discuss planned RCTs 
in this area. As Jenkinson et al. note, our meta-analysis 
demonstrated a benefit of AED prophylaxis in the re-
duction of seizures within the 1st week of surgery (RR = 
0.352, 95% CI 0.130–0.949, p = 0.039) but showed no ef-
fect of AED prophylaxis on a combined outcome of short- 
and long-term seizure rates. 

We noted at the time of publication that these results 
reinforced the need for RCTs to address the question of 
AED prophylaxis but suggested that equipoise might 
provide an ethical barrier given the prevalence of AED 
prophylaxis in the United States and the evidence, albeit 
imperfect, that AED prophylaxis provides a reduction in 
early postoperative seizures. Jenkinson et al. argue that 
the question of equipoise is sufficiently addressed by the 
low prevalence of AED prophylaxis in the United King-
dom. Indeed, preliminary data from our group based on 
the MarketScan database (Truven Health Analytics) shows 
that the US rate of AED prophylaxis is 62.5% following 
the resection of intraparenchymal tumors and 61.5% af-
ter the resection of meningiomas. Jenkinson et al., citing a 
survey of British neurosurgeons, note that 71% of British 
neurosurgeons never use AED prophylaxis following glio-
ma resection, and 59% almost never use AED prophylaxis 
following meningioma resection. Though such survey data 
are inherently limited, the results do nonetheless suggest 
that British use of AED prophylaxis may represent the 
inverse of US practice. As such, Britain does provide a 
more favorable environment for RCTs of AED prophylaxis 
than does the US, and lingering questions of equipoise boil 
down to an assessment of the quality of existing evidence 
in favor of AED prophylaxis. 

We applaud the SPRING and STOP’EM trials to study 
seizure prophylaxis for glioma and meningioma resection, 
respectively. We concur that investigations must be strati-
fied by tumor type given that these tumors convey differ-
ential risks of postoperative seizure, at least partially due 
to different underlying mechanisms. Indeed, the inabili-
ty—based on limited sample size—to stratify patients by 
tumor type represented one of the key limitations of our 
meta-analysis. We further agree that any well-designed 
clinical trial must also incorporate data on imaging char-
acteristics, surgical procedure, and postoperative compli-
cations. Such data are historically limited in studies on 
the subject, making it difficult to assess confounders and 
determine which patients would best benefit from prophy-
laxis. We commend Jenkinson et al. for their commitment 
to evaluate such variables as part of their studies. 

One aspect of the SPRING trial design warrants fur-
ther discussion. Our meta-analysis demonstrated only 
short-term benefit of postoperative seizure prophylaxis. 
However, the primary endpoint in the SPRING trial is sei-
zure-frequency reduction of at least 50% at 1 year com-
pared to no AEDs. Though secondary outcomes include 
time to first seizure and time to first tonic-clonic seizure, 
the lack of a dedicated short-term (i.e., 1 week) prophy-
laxis arm will make it difficult to compare the efficacy 
and side effect profile (mood, personality, fatigue, mem-
ory, and quality of life) of what current evidence suggests 
may be the optimal strategy.3 In our meta-analysis, we hy-
pothesized that because long-term postoperative seizures 
are more likely to be associated with radiological evidence 
of tumor progression1,4 and that seizures related to tumor 
progression are not effectively prevented by AEDs,2 it is 
likely that tumor growth gradually dilutes any difference 
in seizure incidence between AED prophylaxis arms and 
control arms over time. Thus, a large difference in seizure 
frequency between the two arms of the SPRING trial at 1 
year may be difficult to realize, even if such a difference 
were present closer to time of surgery. 

We maintain that a reduction of seizure frequency in 
the short-term perioperative period represents a valuable 
finding in our meta-analysis of previous trials and one that 
should be further evaluated in trials. It is unclear if the 
SPRING trial and STOP’EM trial will be designed to cap-
ture the potential benefits of this approach. We nonethe-
less support the development of these trials as a key step 
toward an evidence-based approach to perioperative AED 
prophylaxis for patients with brain tumors. 
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Doing more with less and the 
barebones neurosurgical setup

TO THE EDITOR: We read with interest the article by 
Corley and Rosseau1 on the unmet need of global neuro-
surgery (Corley JA, Rosseau G: Encore careers: a solution 
to the unmet need in global neurosurgical care. J Neuro-
surg 130:1399–1401, April 2019). Their article has a deep 
personal meaning for surgeons in countries like ours, and 
we are very thankful that you have chosen to throw light on 
this aspect of neurosurgical practice. We deeply appreci-
ate the efforts of all the organizations and individuals who 
are making proactive decisions regarding our collective 
responsibility toward global neurosurgical care. As sur-
geons living and trained in a large middle-income coun-
try with several low-income regions, we would like to de-
scribe our experiences in neurosurgical care at the ground 
level. There are two obvious problems faced by low- and 
middle-income countries (LMICs). The first is the need for 
skilled manpower. The second is the need for equipment. 
Within these issues are several gray zones that need to be 
addressed for the effective application of programs.

Skilled manpower to handle the gigantic gap in services 
is mired in difficulties related to licensing and incentives. 
International discussions on this matter need to include 
the question, “Who should be declared qualified to handle 
neurosurgical problems and emergencies in particular?” 
While neurosurgery remains a superspecialty, problems 
like head trauma and intracranial hemorrhage are so com-
mon that we need to ensure a more uniform distribution of 
services. A skewed ratio of specialist neurosurgeons in the 
population and an uneven distribution in rural and urban 
populations adversely affect management. For example, 
tier-1 cities like New Delhi and Bengaluru have nearly 
250 times more neurosurgeons than a rural area just 60 
miles away.6 These referral centers have the responsibility 
to manage gaps in manpower and qualified ancillary staff. 
Once a drill or an x-ray machine malfunctions, it can take 
weeks if not months to repair the same, thus significantly 

compromising patient care. While some issues like having 
neurosurgically trained nurses or operative theater techni-
cians may not even be an afterthought at many centers, nu-
merous centers in India struggle for even a single support 
staff to manage cases. The only thing justifying the poor 
outcomes at these centers is the argument that “some care 
is better than no care.” Such a school of thought remains 
questionable. It counters the principle of an “all or none” 
phenomenon for neurological diseases (which remains as 
true to the nature of the disease as to the treatment).3,4 

There are resource-stricken neurosurgical centers in 
India where 15 beds have never held less than 25–30 pa-
tients, with multiple patients occupying one bed. There is 
still a dependency on Dandy’s hemostats, steel burrs, and 
perforators that need to be refurbished. Neurosurgery is 
considered a high-investment department by many hospi-
tals. While general surgical services are commonly avail-
able, neurosurgery has an aura of complication and cost 
around it. This is a myth that needs to be explored and 
debunked by the international bodies.9,10,12 

The first solution would be to find ways to lower the 
cost of equipment.13,14 This would involve both the scien-
tific and commercial aspects of production. Even if equip-
ment could be manufactured cheaply, regional rules and 
taxation might raise the cost despite all efforts. Large 
companies with significant market shares in equipment 
constantly attempt to buy out and suppress local manufac-
turers. Market forces, profitability, and even share prices 
are blind to social responsibility.7,8 We cannot safely rely 
on conscience. 

The second solution is the development of cheaper alter-
natives and techniques.11 We have even tested and reported 
on the use of stationery binder clips as a cost-effective re-
placement for Raney clips for scalp hemostasis.15 Another 
example of such an alternative is the promotion of radio-
frequency lesioning surgeries for various movement dis-
orders and psychosurgery when a large population cannot 
afford deep brain stimulation procedures. These custom-
tailored options should be respected in resource-stricken 
settings in which skilled manpower is struggling against a 
dearth of infrastructure.10 

The third aspect of equipment deficits is a very inter-
esting problem. While it is true that a lot of neurosurgi-
cal equipment is prohibitively expensive, we looked into 
historical precedents in our field to assess how neuro-
surgery was performed and what results were obtained 
when equipment was simpler. We asked the fundamental 
question, “What equipment would a surgeon really need 
to treat the majority of the neurosurgical burden in a low-
resource region while providing acceptable results?” We 
hope to answer this with a sample neurosurgical setup 
(Table 1). The majority of the neurosurgical workload is 
operable with relatively cheap equipment as long as it is 
well maintained. Through our research, we found that the 
real prohibitive cost lies in ventilator support and imaging 
machines like CT and MRI units. While low-cost venti-
lators have been developed and made available in India,5 
there has been no replacement for imaging machines yet. 
It is this “rate-limiting factor” that troubles us and needs 
as much charity as empowerment. 

Trained neurosurgeons in LMICs are at a crossroads 
now. They are trained at the best centers in the world, have 
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witnessed masters of neurosurgery, and frequently visit 
various centers of excellence and international conferenc-
es for up-to-date knowledge. They also strive to give the 
best results to their patients but feel constrained by limited 
resources. Behind every success story, there are numerous 
tales of failure, which never get published or highlighted. 
Only stories of success get a place in the press. There is no 
substitute for a quality-assured setting, yet we strive to give 
comparable results with limited resources.2,9 

The need of the hour is to think outside of the box as 
regards capacity building. One such example is the train-
ing of bus drivers in Ghana to provide basic trauma life 
support when there is a road traffic accident.6 It led to re-
markable improvement in neurotrauma care and delivery 
of services. Leading organizations may help in the capac-
ity building, but innovative ideas need to come from the 
persons in the resource-stricken settings as only they are 
sufficiently aware of the difficulties at hand, local customs 
and rules, public psyche, realistic and imaginary expecta-
tions of society, and state of political willingness. 
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TABLE 1. The basic cost of a barebones neurosurgical setup 

Equipment
Expenditure 

(INR) Expenditure (USD)

Neurosurgery operating table 
(made in India)

8–10 lakh 11,200–14,000

Head frame (made in India) 3.5–5 lakh 5,000–7,000
Basic neurosurgical instruments 

(made in India)
  Craniotomy set
  Laminectomy set
  Basic microsurgical equip- 

  ment

6–8 lakh 8,400–11,200

Electric drill 9 ± 2 lakh 9,800–15,000
C-arm (made in India) 10–15 lakh 14,000–21,000
Bipolar & monopolar cautery 3–4 lakh 4,000–5,600
Suction machine (made in India) 1–1.5 lakh 1,400–2,200
Microscope (made in India) 20 ± 5 lakh 21,000–35,000
CT scanning machine 1–2.5 crore 140,000–355,000

INR = Indian rupee; USD = United States dollar.
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Temporal lobe epilepsy: open or 
stereotactic surgery?

TO THE EDITOR: We read with great interest the 
study reported by Lee et al.4 that concerns stereoelectroen-
cephalography-guided radiofrequency thermocoagulation 
(SEEG-guided RFTC) in mesial temporal lobe epilepsy 
(MTLE) (Lee CY, Li HT, Wu T, et al: Efficacy of limited 
hippocampal radiofrequency thermocoagulation for mesi-
al temporal lobe epilepsy. J Neurosurg [epub ahead of print 
October 26, 2018. DOI: 10.3171/2018.4.JNS184]). Between 
the date of acceptance (April) and the date of publication 
(October) of their article, our group published two stud-
ies on a very similar subject,1,5 and our conclusions are di-
vergent. Whereas Lee et al. concluded that SEEG-guided 
RFTC is a possible alternative to surgery in MTLE, we 
concluded that anterior temporal lobectomy (ATL) in this 
disease has a better outcome.1,5 It would, therefore, be of 
interest to analyze the reason for this.  

To summarize, in a meta-analysis that included 296 pa-
tients who had undergone SEEG-guided RFTC, we failed 
to demonstrate a better outcome in the 39 patients with 
MTLE than in those with other etiologies, and the out-
comes in the overall population (seizure-free rate: 23%; 
responder rate: 58%)1 were much worse than those usually 
obtained after ATL.7 Furthermore, in a controlled study 
conducted on 70 patients with MTLE, significantly better 
outcomes were found in the ATL group than in the SEEG-
guided RFTC group (p < 0.001).5

The divergence in the conclusions of our studies1,5 and 
those of Lee et al.4 are not explained by differences in 
lesion volume, which are in the same range. Their small 
study size could contribute to it, but we believe the main 
explanation is the duration of follow-up. During the first 
year after the procedure, the efficacy of SEEG-guided 
RFTC has been shown to dramatically decrease.2,3 This is 
the reason why the meta-analysis and the controlled study 
only included patients having at least a year of follow-up.1,5 
In the study by Lee et al., the minimum follow-up by de-
sign was 6 months, and only two of the seven patients had 
a follow-up that was greater than 1 year; therefore, it would 
be interesting to have data from a more long-term follow-
up for these patients.4

More generally, it is notable that the current recom-
mendations are to immediately perform ATL in MTLE 
without SEEG when phase I presurgical investigations are 
congruent.7 Performing SEEG-guided RFTC for MTLE in 
patients who will subsequently require an ATL due to poor 
outcomes will increase the risk of surgery (stereotactic 
procedure and surgery vs surgery alone) even if SEEG and 
SEEG-guided RFTC are safe procedures.1,6 We, therefore, 
believe that on the basis of the present literature, there is 
no reason to propose SEEG-guided RFTC as an alterna-
tive to ATL in routine clinical practice.
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How does size ratio affect the clinical 
result of open surgery for cerebral 
aneurysms?

TO THE EDITOR: I read with interest the article by 
Matsukawa et al.1 (Matsukawa H, Kamiyama H, Kinoshita 
Y, et al: Morphological parameters as factors of 12-month 
neurological worsening in surgical treatment of patients 
with unruptured saccular intracranial aneurysms: im-
portance of size ratio. J Neurosurg [epub ahead of print 
September 21, 2018. DOI: 10.3171/2018.4.JNS173221]). 
They reported on their large cohort of patients with surgi-
cally treated unruptured saccular intracranial aneurysms 
(USIAs). They found that the ratio between the aneurysm 
diameter and the parent artery diameter was a factor more 
related to neurological worsening at 12 months after sur-
gery than the absolute size of the aneurysm. As the ar-
ticle mentioned, studies based on computed flow dynamics 
analysis showed that size ratio and aspect ratio are related 
to aneurysm bleeding or to the possibility of sufficient coil 
embolization. However, in most cases that involve surgical 
clipping, we can observe the structures around the aneu-
rysm. The patency of the related arteries should have been 
confirmed after application of clips or after revasculariza-
tion, using Doppler sonography and/or indocyanine green 
video-angiography, which they should also have used. The 
authors speculated that a larger size ratio resulted in a need 
for greater manipulation of structures around the aneu-
rysms, which caused neurological worsening. However, as 
they described, the size ratio is highly correlated with the 
maximal size of the aneurysm, since the ratio is derived 
by simply dividing the diameter of the aneurysm by the 
diameter of the parent artery. Considering previous reports 
noting risk factors related to surgical clipping, Matsukawa 
and colleagues’ results may also indicate that large aneu-
rysms pose a higher risk of surgical morbidity. Or, owing 
to their good clinical outcome, the number of cases of neu-
rological worsening was so small that the statistical power 
was not sufficient enough to extract the true primary risk 
factor after multiple regression analyses. In addition, ac-
cording to their results, the specific anatomical location of 
the aneurysm and the presence of a postoperative ischemic 
lesion significantly contributed to the neurological wors-
ening at 12 months. Generally speaking, distal basilar an-
eurysms are considered to be difficult-to-treat lesions due 
to the risk of infarction of the thalamoperforating artery. 
Also, large paraclinoid-segment aneurysms may pose the 
surgical risk of occluding the anterior choroidal artery. I 
suppose that there is multicollinearity between the aneu-
rysm’s location and postoperative ischemic lesion causing 
neurological worsening at 12 months.

Toshikazu Kimura, MD, PhD
Japanese Red Cross Medical Center, Tokyo, Japan
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Response 
We appreciate the valuable comments from Dr. Kimura 

regarding our article.
First, as Dr. Kimura suggested, the patency of the re-

lated arteries should have been confirmed after application 
of clips or after revascularization by performing Doppler 
sonography and/or indocyanine green video-angiography; 
however, each of these monitoring tools has its limitations 
in detecting blood flow insufficiency in the perforating ar-
teries. A perfect method for monitoring blood flow distur-
bance in the perforating arteries has not been established. 
In fact, even with confirmation of the patency of perfo-
rating arteries with either of the aforementioned intraop-
erative monitoring modalities and without causing direct 
injury to perforating arteries, an unexpected infarction due 
to blood flow reduction in the parent artery and/or perfo-
rating arteries branching close to the aneurysm can still 
occur.1–3 We strongly agree with these facts.

Second, Dr. Kimura stated, “Considering previous re-
ports noting risk factors related to surgical clipping, Mat-
sukawa and colleagues’ results may also indicate that large 
aneurysms pose a higher risk of surgical morbidity.” In 
this regard, we have performed multivariate analysis for 
12-month neurological worsening based on the size ratio, 
maximum size, dome-to-neck ratio, and aspect ratio, as 
well other factors as covariates. After adjustment of these 
aneurysm morphological characteristics, size ratio was 
still a 12-month negative prognostic factor (Table 3 in our 
article). Therefore, we consider size ratio to be a risk factor 
for 12-month neurological worsening in surgically treated 
patients with USIAs, although the size ratio should be fur-
ther studied in a large, prospective, observational cohort.

Third, Dr. Kimura suggested that there is multicol-
linearity between the aneurysm location and the presence 
of a postoperative ischemic lesion causing neurological 
worsening at 12 months. Because this is true, as stated 
above, we have performed multivariate analysis using an-
eurysm location and postoperative ischemic lesion as co-
variates (Table 3 in our article).

Hidetoshi Matsukawa, MD, PhD
Rokuya Tanikawa, MD

Stroke Center, Teishinkai Hospital, Sapporo, Japan
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