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EDITORIAL

Maternal Death Due to Stroke Associated With
Pregnancy-Induced Hypertension
Koji Iihara, MD, PhD; Ataru Nishimura, MD

regnancy and the postpartum period are associated with
an increased risk of ischemic and hemorrhagic stroke
and stroke is the leading cause of pregnancy-related
disability. There are few long-term prospective studies of the
incidence of stroke in pregnancy. The data from multiple ret-
rospective studies about the incidence and mortality of stroke
in pregnancy are summarized in Table 1. Various studies
estimate the incidence of all types of stroke in pregnancy and
puerperium between 25 and 34 per 100,000 deliveries.'-® By
comparison, the incidence of stroke in non-pregnant women
in the 15-45 years age group is 11 per 100,000 women.¥ A
population-based retrospective study conducted from 1988 to
1991 found no increase during pregnancy but a relative risk of
8.7 during the first 6 weeks postpartum.® Kuklina et al reported
their recent analysis of hospital discharge data from the
Nationwide Inpatient Sample of the Healthcare Cost and
Utilization Project, which is the largest nationwide all-payer
inpatient care database in the United States.® That report
demonstrated that between 1994-1995 and 2006-2007, the
rates of antenatal and postpartum hospitalizations for all types
of stroke increased by 47% and 83%, respectively.

firticle p1835

Risk factors associated with pregnancy-related stroke include

hypertension, diabetes, valvular heart disease, hypercoagula-
ble disorders, sickle cell disease, lupus, abuse of tobacco and
other substances, and migraines.!¢ Several studies have dem-
onstrated that hypertensive disorders are the leading cause
of both hemorrhagic and ischemic strokes in pregnant and
postpartum women.!3¢7 Preeclampsia/eclampsia and preg-
nancy-induced hypertension (PIH) are the 2 most important
hypertensive disorders of pregnancy. Preeclampsia is defined
as progressively worsening high blood pressure (BP) in preg-
nancy, occurring in the setting of proteinuria (=300mg of
protein in a 24-h urine specimen).? Eclampsia is preeclampsia
that progresses to seizures. PIH is described as high BP (sys-
tolic BP 2140mmHg or diastolic BP <90mmHg) after 20
weeks’ gestation that occurs without the other signs and symp-
toms of preeclampsia.

Compared with women without hypertension, women with
hypertension complicating pregnancy are 6~9-fold more likely
to have a stroke.’ Therefore, control of PIH is considered to
reduce the risk of maternal death from stroke (especially hem-
orrhagic stroke) during pregnancy. There are few reports about
the relationship of maternal death due to stroke and PIH.

In this issue of the Journal, Hasagawa et al review case
reports from medical institutions in Japan, and describe the
clinical features of maternal death associated with PIH.* In
this review of maternal deaths in Japan between 2010 and

Study date and . Incidence N
first author Subjects (per 100,000 deliveries) Mortality (%)
Sharshar (1995)7 Pregnancy and 2 weeks. PP : Nanhemdrrhagic stroke: 4.3 0(25)
‘ : 63 public maternities of the region of lle de France (1 989-—1992) f Hemorrhagic stroke: 4.6
Kittner (1996)3 Women aged 15-44 years, pregnancy and 6 weeks PP Ischemic stroke: 11
46 hospitals in central Maryland and Washmgton DC (1 998—1 991) ICH: 9
Lanska (1998)5 Women aged 15—44 years All strokes: 17.7 3.3(0)
: ‘National Hospital Discharge Survey in the USA (19791 991) o CVT: 114
Lanska (2000)® Women aged 15-44 years All strokes: 13.1 14.7 (0)
National Hospital Discharge Survey in the USA (1993—1994) CVT: 11.6
Jaigobin (2000)? Pregnancy and 6 weeks PP = Ischemic stroke: 18 0(23)
E k Tronto Hospital, ‘Canada (1980~1 997) ICH: 8
James (2005)! Pregnancy related discharges All strokes: 34.2 41
Nationwide Inpatient Sample in the USA (2000-2001)
Bateman (2006)2  Women aged 15-44 years - ICH: 6:1 203
-Nationwide Inpatient Sample in'the USA (1993—2002) s

CVT, cerebral venous thrombosis; ICH, intracerebral hemorrhage; PP, postpartum.
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Received June 23, 2015; accepted June 24, 2015; released online July 9, 2015

Department of Neurosurgery, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

Mailing address: Koji Iihara, MD, PhD, Department of Neurosurgery, Graduate School of Medical Sciences, Kyushu University, 3 1-1
Maidashi, Higashi-ku, Fukuoka 812-8582, Japan. E-mail: kithara@ns.med.kyushu-u.ac.jp

ISSN-1346-9843  doi:10.1253/circj.CJ-15-0701

All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: ¢j@j-circ.or.jp

Clroudation Journal

Yol.79, August 2015

— 241 —



1696

MHARA K et al.

Class | recommendation

- Severe hypertension in pregnancy should be treated with safe
and effective antihypertensive medications, such as methyl-
dopa, labetalol, and nifedipine, with consideration of maternal
and fetal side effects (Level of Evidence A).

Class lla recommendation

- Consideration may be given to treatment of moderate hyperten-
sion in pregnancy with safe and effective antihypertensive medi-
cations, given the evidence for possibly increased stroke risk at
currently defined systolic and diastolic BP cutoffs, as well as
evidence for decreased risk for the development of severe
hypertension with treatment (although maternal- fetal risk-bene-
fit ratios have not been established) (Level of Evidence B).

- After giving birth, women with chronic hypertension should be
continued on their antihypertensive regimen, with dosage
adjustments to reflect the decrease in volume of distribution and
glomerular filtration rate that occurs after delivery. They should
also be monitored carefully for the development of PP
preeclampsia (Level of Evidence C).-

Class lil recommendation

- Atenolol, angiotensin-receptor blockers, and direct renin inhibi-
tors are contraindicated in pregnancy and should not be used
(Level of Evidence C).

BP, blood pressure; PP, postpartum.

2012, 11% of all maternal deaths were associated with PIH.
More than 70% of the causes of maternal death associated
with PIH were due to stroke, and 12 of 25 deaths (48%) due
to stroke were associated with PIH. In this series, the most
frequent type of stroke was intracerebral hemorrhage (ICH).
Of all stroke types, ICH during pregnancy and the puerperium
leads to the highest risk of morbidity and mortality. Pregnancy
increases the risk of hemorrhagic more than ischemic stroke
(relative risk of 2.5 and 28.5 during pregnancy and the post-
partum period).* The underlying mechanism of pregnancy-
related hemorrhage is likely to be the consequences of
physiologic changes, such as blood volume expansion and
vascular tissue remodeling in pregnancy, plus the risk from the
strain and trauma of labor and delivery. Major causes of
pregnancy-related hemorrhage are preeclampsia and eclamp-
sia, which contribute to a large proportion of cases, followed
by intracerebral aneurysm, arteriovenous malformation and
moyamoya desease.! 2 The present study revealed that PIH is
strongly related with poor outcomes of stroke, especially ICH,
associated with pregnancy in Japan.

In February 2014, the American Heart Association and the
American Stroke Association released their first guideline
focused on stroke prevention in women. ! Their recommenda-
tions are shown in Table 2. Regarding control of hypertension
during pregnancy, they recommend that severe hypertension
should be treated with safe and effective antihypertensive
medications, such as methyldopa, labetalol, and nifedipine,
with consideration of maternal and fetal side effects (Class I,
Level of Evidence A). For moderate hypertension, consider-
ation may be given with safe and effective antihypertensive
medications, given the evidence for possibly increased stroke
risk at currently defined systolic and diastolic BP cutoffs, as
well as evidence for decreased risk for the development of
severe hypertension with treatment (although maternal-fetal
risk-benefit ratios have not been established) (Class Ila, Level
of Evidence B). In this guideline, high BP during pregnancy
is defined as mild (diastolic BP 90-99 mmHg or systolic BP
140~149 mmHg), moderate (diastolic BP 100-109 mmHg or

systolic BP 150~159mmHg), or severe (diastolic BP 2110 mmHg
or systolic BP 2160 mmHg). They mention that the goal of BP
management in pregnancy is to maintain systolic BP between
130 and 155 mmHg and diastolic BP between 80 and 105 mmHg.
These recommendations are based on studies of European and
American populations. Because there are differences among
the races for stroke risk in pregnancy, prospective randomized
controlled trials assessing antihypertensive interventions to
reduce stroke risk are needed.

An important point in the present study is that although
83% of patients with PIH who died had experienced initial
symptoms in a hospital, more than half required medical trans-
port due to lack of local medical resources. They point out that
such delays in receiving proper treatment sometimes resulted
in maternal death. Although the mortality rate associated with
cardiovascular disease such as stroke or acute myocardial
infarction is not high in Japan,!*# timely transport and treat-
ment of patients who have risk factors in pregnancy, especially
PIH, is important for improving the outcome of pregnancy in
Japan.
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Comprehensive Stroke Care Capabilities in Japan:
A Neurovascular Surgeon’s Perspective

me to give a talk at this annual meeting of

the Congress of Neurological Surgeons.
The 34th annual meeting of the Japanese Congress
was successfully held in Osaka on May 16 to 18,
2014, and >4000 participants exchanged cutting-
edge knowledge about neurosurgical techniques
and management, clinical and basic science, and
social issues related to neurosurgical practice. The
theme of the 34th annual meeting of the Japanese
Congress was Visionary Approach to Neurosur-
gery. In this presentation, I wish to briefly review
the current status of comprehensive stroke care
capabilities in Japan from a neurovascular sur-
geon’s perspective, focusing on healthcare delivery
and cutting-edge neurosurgical techniques. This
year has afforded me the extraordinary opportu-
nity to work closely with many neurosurgeons
across the full spectrum of our speciaty. To
provide insights into and information for our
brighter future, I conducted the first nationwide
survey on the real-world setting of neurosurgical
practices using data obtained from the Diagnosis
Procedure Combination (DPC)-based payment
systems. First, I discuss the impact of compre-
hensive stroke care capabilities on the outcome of
ischemic and hemorrhagic stroke revealed by this
nationwide study (called the Nationwide Survey
of Acute Stroke Capacity for Proper Designation
of Comprehensive Stroke Center in Japan, or
J-ASPECT Study). Second, I discuss a key role of
advanced neuroimaging capabilities in compre-
hensive stroke centers (CSCs) using our positron
emission tomography study for postoperative
hyperperfusion in patients with moyamoya dis-
ease. Finally, to describe multimodality treatment
for complex neurovascular lesions, one of the
most important roles and responsibilities of
CSCs, I focus on our cutting-edge microsurgical
management of partially thrombosed large or
giant aneurysms in the posterior circulation.

I adies and gentlemen, it is a great honor for

J-ASPECT STUDY

Increasing attention has been given to defining
the quality and value of health care through the

reporting of process and outcome measures. In
Japan, stroke is the fourth-leading cause of death
and a leading cause of long-term disability. Almost
270000 individuals in Japan have a new or
recurrent stroke each year, and nearly 120000
individuals die after a stroke. In 2000, the Brain
Attack Coalition discussed the concept of stroke
centers and proposed 2 types of centers: CSCs and
primary stroke centers (PSCs).* Most patients
with stroke can be appropriately treated at a PSC,
and the Joint Commission has established programs
for certifying PSCs and measuring their perfor-
mance.’> The concept and recommended key
components of CSCs enable intensive care and
specialized techniques that are not available at most
PSCs. A set of metrics and associated data elements
that cover the major types of care distinguishin
CSCs from PSCs have been published previously. "
First, to examine the associations between PSC
and CSC capabilities and the impact of CSC
capabilities on hospital volume of stroke interven-
tions, we performed the J-ASPECT study, for
which a 49-question survey was developed on
hospital characteristics (ie, number of beds, aca-
demic status, geographic location, and participa-
tion in the DPC payment system®), PSC and CSC
capacity, and hospital volume of stroke interven-
tions.” The questionnaire was mailed in February
2011 to the 1369 certified training institutions of
the Japan Neurosurgical Society, Japanese Society
of Neurology, and Japan Stroke Society. This
survey included 25 items related to the 5 major
components of CSCs (personnel, diagnostic
programs, specific expertise, infrastructure, and
educational components) and 5 items related to
PSC certification (Tables 1 and 2)."? The
availability of personnel was assessed according
to 7 categories (eg, board-certified neurologists,
board-certified neurosurgeons, and board-
certified endovascular physicians). Because the
original questions were highly specific, they were
modified when necessary. Six advanced neuro-
imaging capabilities (eg, magnetic resonance
imaging [MRI] with diffusion-weighted imaging
[DWI] and digital subtraction angiography) were
investigated on the basis of their availability 24
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kTABLE Number (Percentage) of Respondlng Hospltals (n = 749)

items [ (%)
~ Neurologists = 358 (47.8)
Neurosurgeons 694 (92.7)
Endovascular physicians: 272 (36.3)
Critical care medicine 162 (21.6)
Physical medicine and 113 (15.1)

_rehabilitation g
Rehabilitation therapy 742 (99.1)
S ohroke rehabilitation nurses? 102 (13.8)
Diagnostic availability ~CT® 742 (99.2)

24/7

G " MRI with diffusion : 647 (86.4)
Digital cerebral angxography 602 (80.8)

- CT angiography® 627 (84)
Carotid duplex ultrasound” 257 (34.5)
. , Tept S 21 06.2)
‘Specific expertise Carotid endarterectomy 603 (80.6)
e : ~Clipping of mtracramal 685 (91.5)
. anewysm . . : |
Hematoma removal/drammg 689 91 ,9)

- Colling of intracranial aneurysm 360 (48.1)
Intra- arterlal reperfuston therapy 498 (66.5)

Infrastructure - Stroke unit® 132 (17.6)
Intensive care umt 445 (59.4)
~Operating room staffed 24/7° 451 (60.4)
Interventional services coverage 279 (37.3)
24/7
o stoke registry? 235 (3
Education ' Community educatlon 369 (49.4)

(Profess:oryal educat:on ;436 (58 6)

’CT computed tomography, MRI, magnetic resonance imaging; TCD, transcramal
Doppler; 24/7, 24 h/d, 7 d/wk.

“Data missing: stroke rehabilitation nurse, 9; CT, 1; digital cerebral angiography, 4;
CT angiography, 3; carotid endarterectomy, 1; carotid duplex, 3; TCD, 3; stroke unit,
1; operating room staffed, 2; stroke registry, 7; community education, 2; and
professional education, 5. Reproduced from lihara et al® with permission from the
publisher. Copyright © 2014 National Stroke Association.

hours per day, 7 days per week (24/7). The availability of specific
expertise for stroke interventions was examined according to 5
categories (eg, carotid endarterectomy and clipping and coiling of
intracranial aneurysms). In terms of infrastructure, the availability
of 5 items (eg, stroke unit and intensive care unit) was surveyed.
Educational/research programs were assessed according to 2 items
(community and professional education). Overall organizational
and staffing levels of the hospitals in terms of CSC capacity were
scored on the basis of the results of a questionnaire referring to 25
items originally recommended by the Brain Attack Coalition (total
CSC score).! A score of 1 was assigned for each recommended item
that was met, resulting in a maximum total CSC score of 25
points. Hospital volume of stroke interventions (eg, tissue-type
plasminogen activator [tPA] infusion, removal of intracerebral
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hemorrhage [ICH], and clipping and coiling of intracranial
aneurysms) performed in 2009 was assessed.

Regarding the recommended PSC capabilities, written tPA
protocols were available in 85% of hospitals, and the National
Institutes of Health Stroke Scale score was routinely documented in
70.7% of hospitals; however, an acute stroke team was available in
only 26.5% of hospitals. In terms of the recommended personnel
components of CSCs (Table 1), 92.7% of hospitals had a neuro-
surgeon, 47.8% had a neurologist, and 36.3% bad an endovascular
physician. The proportions of hospitals with critical care medicine
physicians, physical medicine and rehabilitation, and stroke
rehabilitation nurses were 21.6%, 15.1%, and 13.8%, respectively.
The score for the availability of the personnel component ranged
from 0 to 7 points (median, 3; interquartile range [IQR], 2-4).

Computed tomography (CT), MRI with DWI, digital sub-
traction angiography, and CT angiography (CTA) were available
2417 in 99.2%, 86.4%, 80.8%, and 84% of institutions,
respectively, whereas carotid duplex ultrasonography and trans-
cranial Doppler were available in only 34.5% and 16.2% of
hospitals, respectively. The score for the availability of diagnostic
components ranged from 0 to 6 points (median, 4; IQR, 4-5).

Carotid endarterectomy, clipping of intracranial aneurysms,
and removal of ICH were available in 80.6%, 91.5%, and 91.9%
of hospitals, respectively, whereas coiling of intracranial aneurysms
and intra-arterial thrombolysis were available in 48.1% and 66.5%
of hospitals, respectively. The score for the availability of surgical
and interventional components ranged from 0 to 5 points
(median, 4; IQR, 3-5).

A stroke unit and an intensive care unit were available in 17.6%
and 59.4% of hospitals, respectively. Interventional service
coverage on a 24-hour basis was available in 37.3% of hospitals,
whereas an operating room staffed 24/7 was available in 60.4% of
hospitals. The score of the availability of infrastructure compo-
nents ranged from 0 to 5 points (median, 2; IQR, 1-3).

Professional and community education was available in 58.6%
and 49.4% of institutions, respectively (Table 2). The score of the
availability of the educational component ranged from 0 to 2
points (median, 1; IQR, 0-2).

The inclusion of total CSC score, availability ofa tPA protocol, and
other hospital characteristics in the model revealed that total CSC
score, but not availability of a tPA protocol, was significantdy
associated with the hospital volume of stroke interventions (Figure 1).

UNIQUE ASPECTS OF CSC CAPACITY IN JAPAN

The J-ASPECT study illustrated several unique aspects of CSC
capacity in Japan, including higher availability of neurosurgeons
(92.7% vs 24%-54% in the United States) and endovascular
surgeons (36.3% vs 15%-22% in the United States),%” which was
in sharp contrast to the relative shortage of neurologists (47.8% vs
31%-73% in the United States) and other personnel. In the
United States, only 7% of neurosurgeons play an active role in
nontraumatic cranial emergencies, whereas 59% of the board-
certified neurosurgeons in Japan are engaged in stroke care. The
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“Cl, confidence interval; CT, computed tomography; MRI, magnetic resonance imaging; OR, odds ratio; TCD, transcranial Doppler; tPA, tissue-type plasminogen activator;

24/7, 24 h/d, 7 d/wk.

Data missing: CT, 1; digital cerebral angiography, 4; carotid ultrasound, 3; TCD, 3; carotid endarterectomy, 1; stroke unit, 1; stroke registry, 7; community education, 2;
professional education, 5. Reproduced from lihara et al® with permission from the publisher. Copyright © 2014 National Stroke Association.

proportion of Japanese hospitals offering MRI with DWT and
CTA corresponded with the gradual increase in the availability of
certain special diagnostic tests in the United States, whereas the
availability of digital subtraction angiography (80.8%) was in
contrast to the temporal decrease in the availability of catheter
angiography observed in the state of North Carolina (from 38%
in 1998 to 30% in 2008) because of declines in the proportion of
hospitals with neurointerventionalists.®

A stroke unit/stroke care unit as the critical infrastructure for
acute stroke, which has been proven to reduce the number of
deaths and long-term dependency,” was available in only 17.6%
of hospitals in Japan. This was comparable to the proportion
observed in hospitals in the United States (6.6%-28%). -8

The implementation of a written tPA protocol as a key item of
PSC capacity was used to determine the relationship between PSC
and CSC capacity because it is a key step in reducing tPA-related
c:ompliu:atiorxsz’10 (Table 2). The availability of a tPA protocol
(85%) was comparable to that reported in 2 US statewide studies
performed in Illinois in 2000 (72.8%) and North Carolina
between 1998 (43%) and 2008 (69%).° Notably, facilities with
a tPA protocol in Japan had a higher availability of nearly all

CLINICAL NEUROSURGERY

(92%) recommended items of CSC capacity, with the exception
of personnel in rehabilitation therapy and stroke rehabilitation
nurses. However, in a previous study performed in the United
States,® no significant differences were noted in the availability of
a larger number of critical items corresponding to the CSC items
in this study (eg, endovascular physicians, CTA, conventional
cerebral angiography, carotid duplex ultrasound, intra-arterial
thrombolysis, stroke unit, and community stroke awareness
program) based on the presence of a tPA protocol. Therefore,
CSC capacity was more likely to coexist in hospitals with PSC
capacity in Japan than in the United States, which might be
explained by a relatively larger commitment of neurosurgeons in
acute stroke care (eg, tPA infusion) in Japan.

IMPACT OF CSC CAPABILITIES ON
IN-HOSPITAL MORTALITY IN PATIENTS WITH
ISCHEMIC OR HEMORRHAGIC STROKE
(J-ASPECT STUDY)

Next, I would like to discuss the impact of CSC capabilities on
outcomes in patients with ischemic or hemorrhagic stroke. As
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a specialty, we have to step back and ask the very fundamental
question, What evidence exists that any of these CSC capabilities
have improved stroke outcomes? At the beginning of this project,
no evidence existed on the impact of CSC capabilities on outcomes
in patients with ischemic or hemorrhagic stroke. Among the
institutions that responded to the questionnaire on CSC capacity,
data on patients hospitalized for stroke between April 1, 2010, and
March 31, 2011, were obtained from the Japanese DPC
darabase.'! The DPC is a mixed-case patient classification system
that was launched in 2002 by the Ministry of Health, Labor, and
Welfare of Japan and was linked with a lump-sum payment
system.'? Computer software was developed to identify patients
hospitalized because of acute stroke from the annual deidentified
discharge database using the International Classification of
Diseases, 10th Revision diagnosis codes related to ischemic stroke
(163.0-9), nontraumatic ICH (I161.0-9, 162.0-1, and 162.9), and
subarachnoid hemorrhage (160.0-9)."" The following data were
collected from the database: unique identifiers of hospitals,
patient age and sex, diagnoses, comorbidities at admission, in-
hospital use of medications (antihypertensive agents, oral
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hypoglycemic agents, insulin, antihyperlipidemic agents, statins,
anticoagulant agents, or antiplatelet agents), smoking, arrival by
ambulance, level of consciousness at admission according to the
Japan Coma Scale, and discharge status. The Japan Coma Scale'?
was ongmaﬂy published in 1974, the same year as the Glasgow
Coma Scale,' and it remains one of the most popular grading
scales among healthcare professionals and emergency medical
service personnel in Japan for assessing impaired consciousness.
Grading with the 1-, 2-, and 3-digit codes corresponds to the
following status: (1) the patient is awake in the absence of any
stimulation, (2) the patient can be aroused but reverts to the
previous state after the cessation of stimulation, and (3) the patient
cannot be aroused even by forceful mechanical stimulation. Zero
on the scale indicates normal consciousness. In-hospital mortality
was analyzed with hierarchical logistic regression analysis adjusted
for age, sex, level of consciousness on admission, comorbidities,
and the number of fulfilled CSC items in each component and
in total.

Data from 265 institutions and 53170 emergency-hospitalized
patients were analyzed (Table 3).}! The distribution of total CSC
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Ischemic Stroke
{n=32671)

STROKE CARE IN JAPAN

Subarachnoid Hemorrhage
{1t = 4934)

intracerebral Hemorrhage
{rn= 15699)

3278 (20.9)

1174 (23.8)

1046 (21.2)

1298 (263)

20 (12-38)

i"* with permission.

scores ranged from 1 to 23 (mean, 15.4; standard deviation, 4.2;
median, 14; IQR, 11-18). Mortality rates were 7.8% for patients
with ischemic stroke, 16.8% for patients with ICH, and 28.1%
for patients with subarachnoid hemorrhage. Mortality of patients
with ischemic stroke was significantly correlated with the patient
characteristics of male sex (odds ratio [OR] = 1.23), age (10
incremental years, OR = 1.4), and level of consciousness (1-digit
code, OR = 2.4; 2-digit code, OR = 7.46; 3-digit code, OR =
21.62 vs zero as the control) and the hospital characteristics of
total CSC score (OR = 0.97) adjusted for age, sex, and level of
consciousness (Table 4). Mortality of patients with ICH was also

CLINICAL NEUROSURGERY

significantly correlated with the patient characteristics of male sex
(OR = 1.72), age (10 incremental years, OR = 1.36), and level of
consciousness (1-digit code, OR = 1.45; 2-digit code, OR = 4.22;
3-digit code, OR = 49.59 vs zero as the control) and the hospital
characteristic of total CSC score (OR = 0.97) adjusted for age,
sex, and level of consciousness (Table 5). Mortality of patients
with subarachnoid hemorrhage was also significantly correlated
with the patient characteristics of male sex (OR = 1.39), age (10
incremental years, OR = 1.37), and level of consciousness (2-digit
code, OR = 2.01; 3-digit code, OR = 17.12 vs zero as the control)
and the hospital characteristic of total CSC score (OR = 0.95)
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“Cl, confidence interval; CSC, comprehensive stroke care; JCS, Japan Coma Scale;
OR, odds ratio. Reproduced from lihara et al'’ with permission.

“Cl, confidence interval; CSC, comprehensive stroke care; JCS, Japan Coma Scale;
OR, odds ratio. Reproduced from lihara et al'* with permission.

adjusted for age, sex, and level of consciousness (Table 6).
Therefore, total CSC score was independently associated with in-
hospital mortality for all stroke types after adjustment for age, sex,
and stroke severity. The impact of total CSC score on in-hospital
mortality for ischemic stroke and ICH remained significant after
adjustment for age, sex, severity of stroke, and existence of
comorbid conditions (hypertension, diabetes mellitus, and
hyperlipidemia; data not shown). Figure 2 shows the impact of
total CSC score classified into quintiles (quintile 1, 4-12; quintile
2, 13-14; quintile 3, 15-17; quintile 4, 18; quintile 5, 19-23) on
the in-hospital mortality of patients with all types of stroke,
ischemic stroke, ICH, and subarachnoid hemotrhage after
adjustment for age, sex, and level of consciousness. In summary,
we found that the total CSC score was significantly associated
with in-hospital mortality rates regardless of stroke type after
adjustment for age, sex, and initial level of consciousness
according to the Japan Coma Scale.

igi code o

“Cl, confidence interval; CSC, comprehensive stroke care; JCS, Japan Coma Scale;
OR, odds ratio. Reproduced from lihara et al'! with permission.
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At present, no official certification of stroke centers in Japan has
been launched, and the present study indicates that patients with
acute ischemic stroke or hemorrhagic stroke are being admitted on
an emergent basis to hospitals with similar CSC total and
subcategory scores, as measured with the use of 25 items originally
recommended by the Brain Attack Coalition. Although there is
increasingly good evidence from initiatives like Get With The
Guidelines—Stroke'> that a process based on the systematic
collection and evaluation of stroke performance measures can
rapidly improve the quality of stroke care delivered by hospitals,
current metrics are limited mostly to process measures that
address the care of patients with ischemic stroke in acute hospital-
based scttings.'® In addition, there is a pressing need to
demonstrate a direct link between better adherence to stroke
performance measures and improved patient-oriented out-
comes.>'” Finally, one could argue that there really is no concept
of “3 of 4” CSCs but rather only CSCs or PSCs. In light of the
existing evidence regarding the impact of the recommended CSC
items on stroke outcomes, we advocate a CSC scoring system that
examines the impact of the availability of the recommended items
on in-hospital mortality for all types of stroke. Considering the
marked impact of the CSC score on mortality after all types of
stroke, the differential impacts of CSC subcategory scores for
different stroke types may make a single, simple, and effective
CSC criterion unrealistic to produce a nationwide reduction in
stroke mortality. In our opinion, it may be a more viable option
to use CSC scores in a more limited fashion, that is, to
benchmark the state of care currently provided by medical
centers treating stroke patients.

ADVANCED NEUROIMAGING CAPABILITIES AT
THE CSC

Advanced neuroimaging capabilities such as MRI and various
types of cerebral angiography are a key area for a CSC that is
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supported by evidence-based medicine. Here, I describe the role of
tests for cerebral blood flow and metabolism using positron
emission tomography in hyperperfusion after revascularization in
patients with moyamoya disease. These parameters have not been
quantitatively analyzed in these patients in any previous study.
Despite favorable long-term outcomes after successful surgery for
moyamoya disease, increasing evidence suggests that this may be
complicated by temporary neurological deterioration during the
postoperative acute stage owing to focal cerebral hyperperfusion
around the site of the anastomosis. We found that an increased
oxygen extraction fraction preoperatively was the only significant
risk factor for postoperative hyperperfusion, and 2 patients with
markedly increased cerebral metabolic rates of oxygen at hyper-
perfusion were complicated with postoperative seizures.'® This

CLINICAL NEUROSURGERY

study revealed that symptomatic hyperperfusion in moyamoya
disease is characterized by temporary increases in cerebral blood
flow >100% of preoperative values caused by prolonged recovery
of increased cerebral blood volume and illustrated a critical role of
advanced neuroimaging capabilities in CSCs to clarify the
pathophysiology of a rare but clinically important phenomenon
using positron emission tomography, considering its difficult

logistics.'®?

MULTIMODALITY TREATMENT FOR COMPLEX
NEUROVASCULAR LESIONS

Multimodality treatment for complex neurovascular lesions is
one of the most important roles and responsibilities for CSCs.
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59 year-oldman

Next, I illustrate our cutting-edge microsurgical management of
partially thrombosed large or giant aneurysms in the posterior
circulation.

Giant thrombosed aneurysms often present with symptoms
related to the mass effect by compressing the surrounding neural
structure. Because their natural history is extremely poor, early
intervention should be considered; however, the optimum
treatment of giant thrombosed aneurysms remains unknown
because it is often difficult to surgically manage these anomalies
owing to their location, wide neck, calcification, or intra-
aneurysmal thrombosis, especially in the posterior circulation.
Therefore, flow alteration or isolation strategies are often
considered as the first line of treatment for such unclippable
aneurysms>' % however, there are several critical issues to be
considered in these strategies. The most important issue is the
prediction of a reduced mass effect after flow alteration or
isolation strategies, especially if the aneurysm is symptomatic.**"
6 Another important issue is the fate of critical perforators
around the neck of the aneurysms after such treatment.

ILLUSTRATIVE CASE

A 59-year-old man presented with progressive diplopia. CTA
demonstrated a partially thrombosed giant aneurysm at the basilar
tip with a maximum diameter of 37 mm (Figure 3). A maximum
flow reduction strategy was used for this case (Figure 4). The right
P1 was hypoplastic; bilateral posterior communicating arteries were
well developed; and the left superior cerebellar artery originated
near the basilar tip. A combination of proximal basilar clip
occlusion and left superficial temporal artery—superior cerebellar
artery bypass was performed with a subtemporal approach. To
prevent inadvertent occlusion of the critical perforators in response
to flow alteration, aspirin was administered perioperatively.
Patency of the superficial temporal artery—superior cerebellar

114 | VOLUME 62 | NUMBER 1 | AUGUST 2015

artery bypass and patency of the critical perforators from the
basilar artery adjacent to the clip were confirmed with indocyanine
green videoangiography. Postoperative angiography showed no
filling of the aneurysm with good patency of the bypass (Figure 5).
No new ischemic lesion was noted on postoperative DWI-MRL
The diplopia gradually improved in response to this operation.

Over the past 5 years, I have operated on >20 cases of such
partially thrombosed large or giant aneurysms in the posterior
circulation treated by flow alteration as a main operator.
Postoperatively, marked shrinkage of the aneurysm was achieved
in 24% of the cases (unpublished data).

P-com

Lt STA-SCA bypass
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CONCLUSION

Here, I briefly summarized the current status of CSC
capabilities in Japan from a neurovascular surgeon’s perspective,
including a nationwide survey of CSC capabilities, the impact of
CSC capabilities on stroke mortality outcomes, a role of advanced
neuroimaging capabilities in clinical stroke research, and multi-
modality treatment for complex neurovascular lesions.
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