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Table 7. Effects of Consciousness Level at Admission on Primary Outcomes (mRS
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ICH indicates intracerebral hemorrhage; 1S, ischemic stroke; mRS, modified Rankin Scale; SAH, subarachnoid hemorrhage.

Two sensitivity analyses that used different outcomes
showed almost the same trend observed in the original
analysis, except for ICH patients in sensitivity analysis 2
(Figure 4). Here, the effect of admission time was observed in
ICH patients even when adjusted for consciousness level at
admission (adjusted OR, 1.17; 95% Ci 1.06 to 1.30; P=0.003
for off-hour compared to working-hour). Additional sensitivity
analyses performed using mRS at admission as a confounder
instead of JCS revealed a trend similar to that observed in the
original analysis (Figure 5). Here, the effects of admission
time were no longer significant even when stratified to each
stroke subtype.

Discussion

Using nationwide population data on acute stroke patients, we
found that outcome varied with admission time. Patients
admitted outside of regular working hours were about 1.2 times
more likely to have a poor outcome than those admitted during
working hours. The effect of admission time remained signif-
icant for almost all stroke subtypes without adjusting for
consciousness level at admission, which is similar to what has
been reported previously. However, once we adjusted for
consciousness level, the effects of admission time were
dramatically attenuated; comatose patients were approxi-
mately 70 times more likely to suffer severe disabilities or
death than lucid patients. Therefore, the different outcomes
observed depending upon admission times were because of
differences in stroke severity.

This study has several strengths. First, we inciuded a large
number of subjects from hospitals certified for training by the
Japan Neurosurgical Society, the Societas Neurologica Japon-
ica, and/or the Japan Stroke Society. Therefore, our results
accurately reflect current practice in acute stroke care and
are not influenced by changes in therapeutic strategy. The
second strength is that we highlighted risks associated with
nighttime admission. During the nighttime shift, hospital

~ functions are reduced, and we observed a higher percentage

of poorer outcomes for nighttime admitted patients. This
finding is in accordance with a Dutch study that did not adjust
for case severity, but did describe risk among IS patients
admitted during the night.?”” Third, we adjusted for case
severity at admission by using consciousness level. Case
severity is a major confounding factor because it is one of the
most important prognosis factors and is related to healthcare-
seeking behaviors in stroke patients.'®"'® However, only 5
previous studies adjusted for case severity and they reported
inconsistent results.'*'® Among these, the Canadian study
was the only one including a large number of subjects and
reported a positive relationship between weekend hospital
admission and stroke mortality among 20 000 acute stroke
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Tabie 8. Crude Primary Outcome Comparisons Between Each Admission Time by Stroke Subtype and Japan Coma Scale

sy

s

ICH indicates intracerebral hemorrhage; 1S, ischemic stroke; SAH, subarachnoid hemorrhage.

Table 9. Effects

Working- 286 (4.9) 193 (4.4) 37 (10.7) 56 (5.2)
hours
Off-hour 5420 293 (5.4) 4051 203 (5.0) 337 29 (8.6) 1042 62 (6.0)
Nighttime § 1079 78 (7.2) 781 46 (5.9) 100 8 (8.0) 199 25 (12.8)
1-digit Working- | 5679 991 (17.5) 3546 664 (18.7) 344 57 (16.6) 1799 276 (15.3)
hours
Off-hour 6354 1243 (19.6) 3869 831 (21.5) 431 65 (15.1) 2075 355 (17.1)
Nighttime : 1250 202 (16.2) 713 120 (16.8) 142 25 (17.6) 398 57 (14.3)
2-digit Working- | 1867 774 (41.5) 894 451 (50.5) 250 55 (22.0) 727 271 (37.3)
hours
Off-hour 2469 1034 (41.9) 1108 576 (52.0) 340 74 (21.8) 1026 387 (37.7)
Nighttime | 579 195 (33.7) 217 94 (43.3) 110 29 (26.4) 253 73 (28.9)
3-digit Working- | 1745 1383 (79.3) 447 351 (78.5) 468 350 (74.8) 841 690 (82.1)
hours
Off-hour 2665 2027 (76.1) 602 429 (71.3) 778 565 (72.6) 1291 1038 (80.4)
Nighttime 567 (72.2) 95 (66.9) 178 (70.1) 294 (75.2)

of Admission Time on Primary Outcomes (mRS=5 to 6) Among Acute Stroke Patients by Japan Coma Scale

ICH indicates intracerebral hemorrhage; IS, ischemic stroke; mRS, modified Rankin Scale; SAH, subarachnoid hemorrhage.
*Off-hour and nighttime were compared with working-hours.
TAdjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia, and hospital volume.

0 Working- i 1.00 (reference) — 1.00 (reference) R 1.00 (reference) — 1.00 (reference) —
hours
Off-hour : 1.45(1.33 0 1.58) { <0.001 | 1.07 (0.87 10 1.33) { 0.515 0.87 (0.48 to 1.56) | 0.633 1.29 (0.86 to 1.93) | 0.220
Nighttime | 1.45 (1.33 t0 1.58) : <0.001 | 1.59 (1.11 t0 2.29) : 0.011 0.83 (0.34 t0 1.99) | 0.672 2.87 (1.66 to 4.98) | <0.001
1- Working- i 1.00 (reference) e 1.00 (reference) — 1.00 (reference) — 1.00 (reference) —
digit hours )
Off-hour : 1.20 (1.09 t0 1.33) { <0.001 | 1.20 (1.07 t0 1.36) | 0.003 1.00 (0.64 to 1.55) i 0.998 1.21 (1.00 to 1.45) | 0.044
Nighttime : 1.06 (0.89 t0 1.26) ;| 0.536 0.98 (0.78 10 1.23) : 0.856 1.28 (0.71 t0 2.31) : 0.416 1.01 (0.73 to 1.41) | 0.941
2- Working- i 1.00 (reference) — 1.00 (reference) — 1.00 (reference) — 1.00 (reference) —
digit :  hours
Off-hour | 1.08 (0.94 to 1.24) : 0.295 1.03 (0.85 t0 1.25) i 0.770 0.93 (0.60 to 1.44) : 0.751 1.18 (0.93 t0 1.48) | 0.170
Nighttime : 0.91 (0.73 to 1.14) : 0.406 0.89 (0.63 to 1.25) i 0.498 1.56 (0.84 t0 2.88) : 0.160 0.81 {0.57 to 1.16) | 0.250
3- Working- { 1.00 (reference) — 1.00 (reference) — 1.00 (reference) — 1.00 (reference) —
digit hours
Off-hour : 0.81 (0.69 to 0.95) : 0.008 0.65 (0.48 t0 0.88) : 0.006 0.81 (0.60 to 1.10) ;| 0.169 0.89 (0.70 to 1.13) i 0.325
Nighttime | 0.70 (0.57 to 0.86) : 0.001 0.50 (0.31 to 0.81) | 0.005 0.77 (0.51 to 1.15) : 0.196 0.67 (0.49 t0 0.90) | 0.009
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Figure 4. Sensitivity analyses for effects of admission time on modified Rankin Scale (mRS)=6 (A) and mRS=4 to 6 (B) among acute stroke
patients with 2 different models. *Model 1 adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia, and number of beds. Model 2
further adjusted for Japan Coma Scale.

or TIA patients at 11 hospitals.™ The major differences of this
study and the Canadian study are the number of participating
hospitals and the definition of stroke subtypes. The Canadian
study did not perform subtype-specific analyses, whereas we

evaluated both total population and stroke subtype outcomes.
Therapeutic strategies and responses vary with stroke
subtypes. Therefore, we considered that stratified analysis
by subtype was more appropriate.
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Figure 5. Sensitivity analysis for effects of admission time on primary outcomes (modified Rankin Scale
[mRS]=5 to 6) among acute stroke patients with 2 different models using mRS at admission as a
confounder instead of JCS. *Model 1 adjusted for age, sex, hypertension, diabetes mellitus, hyperlipidemia,
and hospital volume. Model 2 further adjusted for modified Rankin Scale at admission instead of Japan

Coma Scale.
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The reason why admission outside of working hours is
related to case severity remains unknown. A circadian rhythm
of stroke has been reported in large studies and may partially
explain this phenomenon. Stroke is more frequent in the
morning and evening,?®™" and a surge in blood pressure and
altered heart rate may be responsible for diurnal variation in
stroke incidence.®%% However, the exact effect of circadian
rhythm on stroke severity is unclear. Other factors such as
limited access, minor symptoms, and age are known to be
reasons that patients delay coming to the hospital.'®"'?
Larger percentages of patients are admitted at off hours
because baseline consciousness levels decrease during
nighttime. Delayed perception of stroke symptoms or post-
ponement of hospital consultation until regular working hours
by patients with minor symptoms might have caused the
perceived diurnal variation in stroke admission, though we
could not confirm this from our data. Interestingly, in the
subgroup analysis by baseline consciousness level, effects of
admission time were reversed to a favorable outcome, as
baseline consciousness levels got poorer in IS and ICH
patients. These results may be inconsistent with the true
values as a result of over stratification. Compared with
patients with good consciousness level, patients with poor
consciousness level could have been transferred to skilled
hospitals by emergency medical services personnel and this
may have led to this reverse effect of admission time,
although we could not verify whether selective transfers
existed in our dataset. Thus, health service managers must
ensure that adequate stroke care is provided during off hours
to promptly identify and treat severe stroke cases. Moreover,
it is important to increase awareness among the general
population about the appropriate facilities at Japanese
hospitals for receiving stroke treatment in the acute phase.

In the sensitivity analyses, ICH patients admitted outside of
working hours did not show robust results, but the effects of
admission outside of working hours remained significant even
when adjusted for baseline consciousness level among ICH
patients. This is an important point because the numbers of
hemorrhagic patients who are admitted outside of working
hours are increasing. Although we could not measure any
metrics of acute stroke care, our results suggest that the
quality of acute stroke care provided by hospitals in Japan for
hemorrhagic patients during the day are inconsistent. The
results of a study published by the Get With The Guidelines-
Stroke Program may support these findings; appropriate care
and prevention were less frequently provided for ICH and SAH
patients than for IS patients.®* Systematic care processes
for ICH and SAH may be poor during off-hours because
of impaired healthcare systems, such as differential response
times by night-shift workers and the presence of less
skilled neurosurgeons, general physicians, residents, and
paramedics.

We could not detect outcome differences for SAH patients
probably because of the poor clinical prognosis associated
with this stroke subtype. However, further studies that
measure acute stroke care quality, such as prompt examina-
tion or available procedures during working hours and off
hours, are necessary to verify this hypothesis.

This study has some limitations. Because the Japanese
DPC/PDPS data were used, JCS scores were used to adjust for
severity instead of the National Institute of Health Stroke Scale
(NIHSS) or GCS.?>?¢ However, our findings did not change even
when data were adjusted by mRS at admission. Second, we
used information on the occurrence of additional billings from
the DPC/PDPS data to classify admission time; therefore, some
data on the occurrence of additional billings were missing. We
excluded subjects with missing values from analysis, and this
may have biased our results. However, we believe that this
exclusion does not alter our findings because severities of
consciousness levels at admission and outcomes at discharge
were not significantly different between subjects who were
excluded and those who were included. Third, as for the
classification of hospital admission time, we could not split the
times in a more detailed manner because of data restriction, ie,
daytime admissions during weekends and on national holidays
were considered to be off-hour admissions. However, if patients
admitted during this time exhibited less severe stroke symp-
toms or if hospitals during this time indeed provided better
stroke care than at other off-hour times among off-hour, it could
underestimate the effects of differences in severity on
relationships between admission time and outcome at dis-
charge. Fourth, although we collected nationwide data, we may
have underestimated the relationship between admission time
and outcomes because participating hospitals were certified
training hospitals, which are considered to offer similar qualities
of care. If hospitals that provide fewer resources and less
professional stroke care were included in the analysis, stronger
relationships may have been identified. Furthermore, we could
not follow-up on post-discharge outcomes and we were unable
to include multiple metrics representing acute stroke care
quality, such as promptness or execution of specific procedures
and protocols. Most studies have dealt with the inequality of
care between working hours and off hours, such as reduced
availability of highly skilled personnel and less access to urgent
procedures, as the main reason for outcome disparity.?®
Further studies that focus on acute stroke care metrics are
needed to better identify variability in care quality between
admission times. i
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Effects of Extracranial-Intracranial Bypass for Patients
With Hemorrhagic Moyamoya Disease
Results of the Japan Adult Moyamoya Trial

Susumu Miyamoto, MD, PhD; Takashi Yoshimoto, MD, PhD;
Nobuo Hashimoto, MD, PhD; Yasushi Okada, MD, PhD; Ichiro Tsuji, MD, PhD;
Teiji Tominaga, MD, PhD; Jyoji Nakagawara, MD; Jun C. Takahashi, MD, PhD;
on behalf of the JAM Trial Investigators

Background and Purpose—About one half of those who develop adult-onset moyamoya disease experience intracranial
hemorrhage. Despite the extremely high frequency of rebleeding attacks and poor prognosis, measures to prevent
rebleeding have not been established. The purpose of this study is to determine whether extracranial-intracranial bypass
can reduce incidence of rebleeding and improve patient prognosis.

Methods—This study was a multicentered, prospective, randomized, controlled trial conducted by 22 institutes in Japan.
Adult patients with moyamoya disease who had experienced intracranial hemorrhage within the preceding year were
given ecither conservative care or bilateral extracranial-intracranial direct bypass and were observed for 5 years. Primary
and secondary end points were defined as all adverse events and rebleeding attacks, respectively.

Results—FEighty patients were enrolled (surgical, 42; nonsurgical, 38). Adverse events causing significant morbidity were
observed in 6 patients in the surgical group (14.3%) and 13 patients in the nonsurgical group (34.2%). Kaplan—-Meier
survival analysis revealed significant differences between the 2 groups (3.2%/y versus 8.2%/y; P=0.048). The hazard
ratio of the surgical group calculated by Cox regression analysis was 0.391 (95% confidence interval, 0.148-1.029).
Rebleeding attacks were observed in 5 patients in the surgical group (11.9%) and 12 in the nonsurgical group (31.6%),
significantly different in the Kaplan—Meier survival analysis (2.7%l/y versus 7.6%l/y; P=0.042). The hazard ratio of the
surgical group was 0.355 (95% confidence interval, 0.125~1.009).

Conclusions—Although statistically marginal, Kaplan—Meier analysis revealed the significant difference between surgical
and nonsurgical group, suggesting the preventive effect of direct bypass against rebleeding.

Clinical Trial Registration—URL: http://www.umin.ac.jp/ctr/index.htm. Unique identifier: CO00000166.

(Stroke. 2014;45:1415-1421.)

Key Words: cerebral revascularization ® hemorrhage ® moyamoya disease

See related article, p 1245. is known to be extremely high, no therapeutic method of
preventing rebleeding attacks has yet been established.
Extracranial-intracranial bypass surgery is often used for
ischemic moyamoya disease, and angiographic diminishment
of moyamoya vessels can be observed after surgery, which
is regarded as decreased hemodynamic stress to these ves-
sels. A hypothesis has therefore emerged that bypass surgery
can also reduce this stress, even in hemorrhagic moyamoya

oyamoya disease is a unique cerebrovascular disease
Mcharacterized by progressive occlusion of the bilateral
internal carotid arteries at their terminal portions and unusual
secondarily formed vascular networks (moyamoya vessels)
that act as collateral pathways.'? Unlike pediatric patients,
who usually present with transient ischemic attacks (TIAs)

or cerebral infarction, about one half of adult patients have disease, and prevent rebleeding attacks. In fact, many cases
intracranial hemorrhage that seriously affects their prog- of bypass surgery for hemorrhagic moyamoya disease have
nosis."” Long-term hemodynamic stress to the collateral been reported, but all are retrospective studies and the ben-
vessels is thought to induce vascular pathologies leading efit of bypass surgery has not yet been scientifically clarified.
to hemorrhage.!? Although the rate of recurrent bleeding To resolve this, the Japan Adult Moyamoya (JAM) Trial was
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planned in 1999.% The study started in 2001, and follow-up of
all enrolled patients was completed in 2013.

Methods
Patient Eligibility

This study is a multicentered, prospective, randomized, controlled
trial to clarify the effect of bypass surgery on moyamoya disease
with hemorrhagic onset. Twenty-two institutes with sufficient surgi-
cal experience with moyamoya disease participated in the study. The
target was adult patients who had experienced episodes of intracra-
nial bleeding within the preceding year and could be observed for 5
years after enrollment. The diagnosis of moyamoya disease was made
according to the diagnostic guidelines proposed by the Ministry of
Health and Welfare of Japan.® Table 1 lists all the inclusion and exclu-
sion criteria. The study office carefully checked the radiological data
and determined eligibility for the trial in each case.

Table 1. Patient Eligibility for the JAM Trial

Clinical requirements
Age: between 16 and 65 years at the time of the initial bleeding episode
Independent in daily life (modified Rankin disability scale score of 0-2)

Intracerebral hemorrhage, intraventricular hemorrhage, or subarachnoid
hemorrhage occurring within the preceding 12 months

At least 1 month since the last stroke episode, either ischemic or
hemorrhagic

At least 1 month since the completion of acute phase treatment for
hemorrhage and for related secondary pathophysiology (eg, hydrocephalus)

Radiological requirements
CT/MRI

Lack of large infarction spread widely over the territory of a main arterial
trunk

Lack of contrast enhancement in the infarcted area
Angiography

Angiographic findings should satisfy the diagnostic criteria of the
spontaneous acclusion of the circle of Willis (moyamoya disease) published
by the Ministry of Health, Labor and Welfare of Japan:

Occlusive lesions should exist in the terminal portion of the intracranial
internal carotid artery or in the proximal portion of the anterior or middle
cerebral arteries

An abnormal vascular network in the region of basal ganglia and
thalamus (moyamoya vessels) is demonstrated in the arterial phase of
angiography
These findings should be demonstrated on both sides
Exclusion criteria
Not independent in daily life (modified Rankin disability scale score of 3-5)

Atherosclerotic carotid disease or cardiac arrhythmia that may cause
thromboembolic complications

Malignant tumors or organ failure of the heart, liver, kidney, or lung
Unstable angina or myocardial infarction within the past 6 months
Hematologic abnormality showing bleeding diathesis

Uncontrolled diabetes mellitus showing a serum fasting blood glucose level
>300 mg/dL, or requires insulin

Hypertension with a diastolic blood pressure of >110 mmHg

Treated with extracranial-intracranial bypass surgery before enrollment
Pregnancy

CT indicates computed tomography; and JAM, Japan Adult Moyamoya.

Sample Size

At the beginning of the study, the optimal sample size was calculated
on the assumption that the incidence of adverse neurological events
would be 8%/y in the nonsurgical group and 4%/y in the surgical
group. The follow-up period was 5 years, and the sample size of 160
(80 patients per group) was expected to have 80% of the statistical
validity required to detect a difference between the 2 groups with
a significance level of 0.05. However, this number was reduced to
80 in January 2006 because the number of patients eligible for the
study was revealed to be far smaller than expected. The number of
new registration was 13.2/y at that time point, which meant that the
completion of the study would be later than 2018. Then, the JAM
Trial Executive and Steering Committee determined that the original
sample size would be impossible to attain within the adequate study
period. The calculation of 80% statistical power told us that the num-
ber of 80 patients would be able to detect the statistical significance
if the event rate of the surgical group was <2.8%/y when that of the
nonsurgical group was set to be 8%/y.

Randomization

According to computed tomography and digital subtraction angiog-
raphy performed at the onset of intracranial hemorrhage, the study
office estimated the bleeding point in each case as type A (bleeding
from collateral vessels in the anterior circulation) or type B (bleeding
from those in the posterior circulation). After informed consent was
obtained, a computer-generated randomization scheme was applied,
and the patient was assigned to receive either conservative medical care
alone (nonsurgical group) or medical care plus extracranial-intracrani-_
al bypass (surgical group). To ensure a balance between these groups
with respect to the bleeding point, a randomization scheme was per-
formed separately within type A and type B (stratified randomization).
This was required because the outcome could differ between hemor-
rhages of the basal ganglia (type A) and those of the thalamus (type B),
although such a difference had not been proven. To avoid inclusion bias
and ensure the quality of the trial, all ineligible patients and patients
who were eligible but did not participate in this study for whatever rea-
son were reported and checked by the study office. Bypass surgery for
these nonparticipants was prohibited unless a legitimate reason com-
pelled it, such as frequent TIAs or progressive ischemic stroke.

Surgical Treatment

Extracranial-intracranial bypass, if assigned to the surgical group,
was performed on both sides (each side at some interval within 3
months after enrollment) by a registered neurosurgeon at each insti-
tute. As the operative maneuver, a direct anastomotic procedure such
as superficial temporal artery—middle cerebral artery anastomosis was
required. Indirect bypass procedures can be added to direct bypass;
however, indirect bypass alone was not permitted, nor was high-flow
bypass such as venous graft or radial artery graft.

Patient Follow-Up

Table 2 shows the follow-up protocol. Each patient was observed for
5 years after enrollment by a pair of neurosurgeons and a neurologist
in each participating institute. Postprocedure inpatient events were
also handled by this pair. Blood pressure medication was given to
patients with hypertension to control it. The use of anticoagulants
or antiplatelet drugs was not allowed unless the patient was having
significant cerebral ischemic attacks. The patients’ medical, neuro-
logical, radiological, and functional status was checked and report-
ed every year. Both bleeding time and coagulation time were also
monitored.

End Points

The following items constitute primary end points: (1) recurrent
bleeding; (2) completed stroke causing significant morbidity; (3)
significant morbidity or mortality from other medical cause; or (4)
requirement for extracranial-intracranial bypass for a nonsurgical
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Table 2. Follow-Up Protocol of the JAM Trial

The Japan Adult Moyamoya Trial 1417

Recurrent Bleeding or

Registration 6 mo 1y  Each Anniversary Other End Point
Neurological examination [ ® ® ® [
CT/MRI ® ® ® @ @
MR angiography e ]
SPECT (] @ ®
Angiography [ @ (surgical group only) @
Bleeding time, PT, and APTT ® @ ® @ ]

@indicates examination required; APTT, activated partial thrombin time; CT, computed tomography; JAM, Japan
Adult Moyamoya; MR, magnetic resonance; PT, prothrombin time; and SPECT, single-photon emission computed

tormography.

patient because of progressive ischemic stroke or crescendo TIAs,
as determined by a registered neurologist. Significant morbidity was
defined as having a modified Rankin disability scale® score of 23. The
following items constitute a secondary end point: (1) recurrent bleed-
ing occurring later than 3 months after enrollment or (2) related death
or significant morbidity. This was because surgical operations were
to be performed on each side at some interval within 3 months after
enrollment, Asymptomatic bleeding incidentally detected by MRI in
the routine follow-up examination was not regarded as an end point.
All the adverse events were reported to the central office of the trial,
and end points were finally adjudicated in the executive and steering
committee consisted of neurologists and neurosurgeons who were not
blinded to the allocation.

Statistical Analysis

All statistical analyses were executed by 2 statisticians in the sta-
tistical center of the trial (listed in the Appendix). Statistical analy-
sis with a Kaplan—Meier survival analysis and a Cox proportional
hazard model was used to compare the length of time without an
adverse event for each group. The unpaired 2-group ¢ test, y* for
independence test, and Fisher exact probability test were used to
compare baseline characteristics of the 2 groups. All analyses were

213 participants assessed for eligibility ]

performed with IBM SPSS software, version 20 (IBM Software
Group, Chicago, IL).

Ethical Considerations

All institutes participating in the JAM Trial received the approval of
the committee of bioethics at each center. The JAM Trial was reg-
istered with the University Hospital Medical Information Network
Clinical Trials Registry (UMIN-CTR, ID: C000000166, 2005),
which was approved by the International Committee of Medical
Journal Editors.

Results

Randomization, Treatment, and Follow-Up

Figure 1 demonstrates the flow diagram of the JAM Trial.
During the period of January 2001 to June 2008, 213 patients
were assessed for eligibility. After 133 patients were excluded
for the reasons listed in Figure 1, 80 patients were enrolled in
the JAM Trial and randomized: 42 to the surgical group and
38 to the nonsurgical group. Table 3 summarizes the baseline
characteristics of the patients.

133 excluded

N 76 did not meet clinical inclusion criteria
14 did not meet radiological criteria
41 did not provide informed consent

2 unavailable for follow-up (left Japan)

80 randomized j

-

Figure 1. Flow diagram of the

42 randomized to “surgical group”
41 underwent direct bypass bilaterally

38 randomized to “nonsurgical group”
38 did not undergo surgery

Japan Adult Moyamoya (JAM)
Trial.

1 underwent direct bypass on one side
and indirect bypass on the other

3

41 completed follow-up

1 lost to follow-up {murdered)

[38 completed follow-up I

42 included in analysis I

I 38 included in analysis ]
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Table 3. Baseline Characteristics of Patients

Surgical Nonsurgical
Group (n=42)  Group (n=38) PValue

Mean agexSD, y 42.5+11.3 41.4+12.2 0.34
Female ratio. 66.7% 73.7% 0.49
Hypertension (%) 7(16.7) 9(23.7) 0.43
Diabetes mellitus (%) 1(2.4) 2(.3) 0.46
Hyperlipidemia (%) 2(4.8) 2(.3) 0.65
Valvular heart disease (%) 0(0.0) 0(0.0)
Atrial fibrillation (%) 0(0.0) 0(0.0)
Moyamoya disease in relatives (%) 6(14.3) 1(2.6) 0.07
History of hemorrhagic stroke (%) 4(9.5) 4 (10.5) 0.59
History of ischemic events (%) 12 (28.6) 10 (26.3) 0.82
Hemorrhagic types

Intraparenchymal (ICH) 14 8 0.22

Extraparenchymal extension

ICH+IVH 26 29
SAH only 2 1

Site of hemorrhage

Anterior (type AY* 24 21 0.87

Posterior (type B)t 18 17

ICH indicates intracerebral hemorrhage; IVH, intraventricular hemorrhage;
and SAH, subarachnoid hemorrhage.

*Hemorrhage attributed to rupture of the anterior collateral vessels (eg,
caudate nucleus or putamen).

tHemorrhage attributed to rupture of the posterior collateral vessels (eg,
thalamus or trigone of the lateral ventricle).

In the surgical group, all patients but 1 underwent bilateral
direct anastomotic bypass. One patient received direct bypass
on one side and indirect bypass on the other side because no
cortical artery feasible for direct anastomosis could be identi-
fied in the operative field. In the nonsurgical group, all patients
were treated conservatively with no protocol violation. All
patients but 1 were observed until the occurrence of adverse
events compatible with end points or until 5 years had elapsed
after enrollment. The murder of 1 patient in the surgical group
at the point of 1.95 years after enrollment ended that patient’s
follow-up. The event-free period of this case was included in
the statistical analysis. However, this event was dealt with as
a dropout and not as an end point because it had no relation to
the patient’s medical issues. The mean follow-up period was

4.32 years (4.46 years in the surgical group and 4.17 in the
nonsurgical group).

Study Outcomes

The last patient completed the 5-year follow-up in June 2013.
Table 4 shows the outcomes of the patients. The primary end
point was observed in 6 (14.3%) in the surgical group and
13 (34.2%) in the nonsurgical group. In the surgical group, 5
patients experienced rebleeding attacks and 1 patient had a.com-
pleted ischemic stroke during the follow-up period. In the non-
surgical group, 12 patients experienced rebleeding attacks and 1
patient had crescendo TIAs requiring emergent bypass surgery
as determined by the attendant neurologist. Accordingly, the
secondary end point was observed in 5 (11.9%) in the surgical
group and 12 (31.6%) in the nonsurgical group. Cox regression
analysis revealed that the hazard ratios of the surgical group
compared with the nonsurgical group were 0.391 (95% con-
fidence interval, 0.148-1.029) as to the primary end point and
0.355 (95% confidence interval, 0.125-1.009) as to the sec-
ondary end point. Figure 2 shows the Kaplan—Meier cumula-
tive curves for the analysis of the primary and secondary end
points. The log-rank test revealed that the surgical group was
at significantly lower risk than the nonsurgical group for both
the primary end point (3.2%/y versus 8.2%/y; P=0.048) and the
secondary end point (2.7%/y versus 7.6%/y; P=0.042).

Perioperative Complications

Among the 84 surgical procedures for the 42 patients in the
surgical group, perioperative complications were observed
in 8 cases (9.5%). Symptoms of local hyperperfusion around
the anastomotic sites were the most frequent (3 cases). Other
perioperative events consisted of TIA, seizure, local vaso-
genic edema, scalp bedsore, and tear of a subcutaneous drain-
age tube. Seven of the 8 events were clinically transient, and
no sequelae remained. One patient with local hyperperfusion
syndrome showed a deterioration in modified Rankin disabil-
ity scale score. This event, however, was not severe enough to
fulfill the criteria of the end point.

Discussion
It is known that about one half of the adult patients with moy-
amoya disease have intracranial hemorrhage, whereas most
pediatric cases present with cerebral ischemia.!® Typically,
the hemorrhage involves the thalamus and basal ganglia with

Table 4. Details of Outcomes and Cox Regression Analysis

Surgica! Group Nonsurgical
(n=42) Group (n=38)
n Rate, % n Rate, % Hazard Ratio (95% Cl) PValue
Primary end point 6 14.3 13 342 0.391 (0.148-1.029) 0.057
Recurrent bleeding 5 11.9 12 31.6 0.355 (0.125-1.009) 0.052
Completed stroke 1 2.4 0 0.0
Grescendo TIA (bypass required) 0 0.0 1 2.6 .. .
Secondary end point (recurrent bleeding or 5 1.9 12 31.6 0.355 (0.125-1.009) 0.052

related death/severe disability)

Cl indicates confidence interval; and TIA transient ischemic attack.

— 143 —



Miyamoto et al

Primary endpoint

1.0

INonsurgical p=0.048
ISurgical

‘E -

§ 08

il

=]

S

§ 067

b=

g

£ g4 8.2%/year

5 O

o

=3

8 'wrr"’“r_.r

g iy

5 0.2

© =

3.2%/year

f_._J
0.0

T ] T T T
0 500 1000 1600 2000
Time from Randomization (days)

Figure 2. Kaplan-Meier cumulative curves for end points.

frequent perforation to the ventricles. It is speculated that
long-term hemodynamic overstress can induce pathological
change in the dilated collateral vessels such as lenticulostriate
arteries, choroidal arteries, and other basal moyamoya vessels,
which leads to the bleeding.'? The rupture of microaneurysms
formed in the collateral vessels has also been recognized.’
Such bleeding attacks, which are potentially fatal, seriously
affect the patient’s prognosis.®

The natural history of hemorrhagic moyamoya disease is
extremely poor because of the high rate of recurrent bleeding
attacks. Kobayashi et al’ reported that 33.3% of the patients
who were conservatively treated had rebleeding attacks dur-
ing the follow-up period of mean 6.7 years and estimated the
annual rebleeding rate to be 7.09%/y. Because the majority
of the patients were in their 30s to 50s at the onset of hemor-
rhage,>! this annual rate indicates that, over a long period,
rebleeding attacks seriously threaten their lives. No thera-
peutic method for preventing rebleeding attacks, however,
has been established. No evidence exists that treatment of
hypertension reduces the rebleeding rate. Even the relation-
ship between hypertension and intracranial hemorrhage in
moyamoya disease has not been proven.

At present, the only promising strategy is extracranial—
intracranial bypass. In ischemic moyamoya disease, angiogra-
phy often demonstrates that moyamoya vessels can diminish
after bypass surgery.* It is likely that the dominant bypass flow
reduces the burden on moyamoya vessels to maintain the cere-
bral blood fiow, which results in relief of hemodynamic stress.
Microaneurysms in collateral vessels that disappear after sur-
gery have also been reported.!"'? Consequently, a hypothesis
has emerged that bypass surgery can also reduce the long-term
hemodynamic stress in hemorrhagic moyamoya disease and
prevent rebleeding attacks. In fact, some authors have reported
the effectiveness of bypass for hemorrhagic moyamoya dis-
ease. Kawaguchi et al'® revealed that superficial temporal
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artery—middle cerebral artery bypass reduced the rate of
hemorrhagic and ischemic stroke. Karasawa et al** reported
that patients who had undergone bypass surgery experienced
rebleeding attacks less frequently than those treated conser-
vatively. Several authors, on the contrary, failed to reveal the
effectiveness of bypass.®® A multicenter retrospective ques-
tionnaire study conducted by Fujii et al”® revealed that rebleed-
ing attacks were less frequent in patients who had undergone
bypass surgery than in the nonsurgical cases, but the difference
was not statistically significant. All previous reports, however,
were retrospective studies that potentially contain various
biases. Consequently, the effectiveness of bypass surgery on
hemorrhagic moyamoya disease has remained unclear.

The JAM Trial, which is the first prospective, random-
ized, controlled trial focused on moyamoya disease, has
demonstrated how bypass surgery affects patients’ prognosis
and the rebleeding rate in hemorrhagic moyamoya disease.
Kaplan-Meier survival analysis revealed that direct bypass
surgery significantly decreased the rate of both all adverse
events (primary end point) and rebleeding attacks (secondary
end point) during the following 5 years. These resuits strongly
suggest that the newly established bypass flow can influence
the hemodynamic state of the collateral vessels and lessen
their overstress. This study required direct anastomotic bypass
because indirect bypass alone can fail to establish sufficient
extracranial-intracranial collateral flow in adult patients.>* To
ensure the quality of the trial, every institute was requested
to report all patients who were assessed for eligibility but
were not enrolled in the study, and bypass surgery for these
cases was prohibited. In addition, no protocol violation was
observed regarding the enrolled patients.

Care must be taken when interpreting the results of the
JAM Trial. First, the result was statistically marginal. Kaplan—
Meier survival analysis revealed the significant benefits of
bypass surgery, but the P values of the primary and secondary
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end points were 0.048 and 0.042, respectively, which are close
to 0.05. In the Cox regression analysis, the upper limit of the
95% confidence interval of the hazard ratio was 1.029 for the
primary end point and 1.009 for the secondary end point, both
of which slightly exceed 1.0. Therefore, the authors cannot
declare with assurance that bypass surgery is absolutely supe-
rior to conservative therapy. This difference can be attributed
to the small sample size. As mentioned earlier, the optimal
sample size initially calculated was larger. Hemorrhagic moy-
amoya disease, however, is not common, and recruitment of
patients with good modified Rankin disability scale scores
was far more difficult than expected. Considering that an
excessively long registration period would degrade the quality
of this trial, the number of the cases was reduced.

Second, some limitations apply to the JAM Trial regarding
generalization. All institutes participating in the trial had suffi-
cient experience with direct bypass surgery for moyamoya dis-
ease, and only registered surgeons were allowed to operate on
patients. Consequently, the rate of perioperative complications,
including transient events, turned out to be 9.5%, and perma-
nent severe disability was not observed. The authors think that
ensuring the quality of surgeons is indispensable to this kind of
randomized trial involving surgery. As for interpretation of the
results, however, it should be emphasized that the results do
not necessarily apply to all neurosurgical institutes.

Third, and perhaps most important, the JAM Trial has only
revealed the effect of bypass surgery within 5 years and does
not suggest an improved prognosis for the surgical group there-
after. It is well known that recurrent bleeding can take place
>10 years after the initial attack.’ Therefore, patients enrolled
in the JAM Trial should be observed for longer periods in the
future. The JAM Trial Executive and Steering Committee has
already decided to continue with patient follow-up and report
the 10-year results. Subanalyses regarding the site of initial and
recurrent hemorrhage, hemodynamic impairment evaluated by
single-photon emission computed tomography, and angio-
graphic reduction of moyamoya vessels after bypass surgery
should also be performed, and the results should be reported.

Conclusions
Although statistically marginal, the JAM Trial revealed that direct
bypass surgery for adult patients with hemorrhagic moyamoya
disease reduces the rebleeding rate and improves a patient’s
prognosis during the 5 years after enrollment. To determine the
long-term benefits of surgery, further follow-up is required.

Appendix: Study Organization

The Research Committee on Moyamoya Disease
of the Japanese Ministry of Health, Labour and
Welfare

Principal Investigator and Chair
1999 to 2005: Takashi Yoshimoto, MD, PhD
2005 to 2013: Nobuo Hashimoto, MD, PhDJAM Trial Group

Central Office and Data Management Center

Department of Neurosurgery, Graduate School of Medicine,
Kyoto University, Kyoto, Japan: Susumu Miyamoto, MD, PhD;
Keisuke Yamada, MD, PhD; and Jun C. Takahashi, MD, PhD.

Statistical Center

Department of Public Health, Tohoku University Graduate
School of Medicine, Sendai, Japan: Ichiro Tsuji, MD, PhD;
and Yasutake Tomata PhD.

Randomization and Quality Control Center
Department of General Internal Medicine, St. Luke’s
International Hospital, Tokyo, Japan: Tsuguya Fukui, MD, PhD.

Executive and Steering Committee

Takashi Yoshimoto, MD, PhD (principal investigator); Susumu
Miyamoto, MD, PhD (project director; neurosurgery); Yasushi
Okada, MD, PhD (co-project director; neurology), Tsuguya
Fukui, MD, PhD; Ichiro Tsuji, MD, PhD; Yasuo Fukuuchi,
MD, PhD; Takashi Ohmoto, MD, PhD; Yasuo Kuwabara, MD,
PhD; Jyoji Nakagawara, MD; and Izumi Nagata MD, PhD.

Participating Centers and Researchers

Chiba University Graduate School of Medicine, Chiba,
Japan: Junichi Ono, Toshio Machida, and Ryuji Sakakibara.

Chugoku Rousai Hospital, Kure, Japan: Kanji Yamane and
Shinji Okita.

Gifu University Graduate School of Medicine, Gifu,
Japan: Toru Iwama and Yasuhiko Kaku.

Gunma University, Maebashi, Japan: Nobuhito Saito.

Graduate School of Medicine, Kyoto University, Kyoto,
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Iwate Medical University, Morioka, Japan: Akira Ogawa,
Kuniaki Ogasawara, and Kenji Yoshida.

Kitasato University School of Medicine, Sagamihara,
Japan: Kiyotaka Fujii, Masaru Yamada, Kimitoshi Sato, and
Tsugio Akutsu.

Kurashiki Central Hospital, Kurashiki, Japan: Sen Yamagata.

Nagaoka Chuo General Hospital, Nagaoka, Japan:
Shigekazu Takeuchi.

Nagasaki University Medical School, Nagasaki, Japan:
Izumi Nagata, Kentaro Hayashi, and Nobutaka Horie.

Nagoya City University Medical School, Nagoya, Japan:
Kazuo Yamada.

Nakamura Memorial Hospital, Sapporo, Japan: Jyoji
Nakagawara, Toshiaki Osato, Toshiichi Watanabe, Kaori
Honjo, and Kazuya Sako.

Nara Medical University, Kashihara, Japan: Hiroyuki
Nakase, Shoichiro Kawaguchi, Fumihiko Nisimura, and
Junichi Yamao.

National Cardiovascular Center, Suita, Japan: Susumu
Miyamoto, Jun C. Takahashi, Hiroaki Naritomi, and Jyoji
Nakagawara.

National Kyushu Medical Center, Fukuoka, Japan:
Tooru Inoue, Yasushi Okada, and Hiroshi Abe (Fukuoka
University).

Akita Research Institute for Brain and Blood Vessels,
Akita, Japan: Akifumi Suzuki and Tatsuya Ishikawa.

Sapporo Medical University, Sapporo, Japan: Kiyohiro
Houkin.

— 145 —



Miyamoto et al

Tenri Hospital, Tenri, Japan: Yoshinori Akiyama and
Toshihiko Suenaga.

Tohoku University Graduate School of Medicine, Sendai,
Japan: Teiji Tominaga and Miki Fujimura.

Tokushima University, Tokushima, Japan: Shinji Nagahiro,
Masaaki Uno, Kyoko Nishi, and Junichiro Satomi.

Tokyo Women’s Medical University, Tokyo, Japan:
Yoshikazu Okada, Akiji Kawashima, Kohji Yamaguchi, and
Yukiko Tsutsumi.

Sources of Funding
The JAM Trial has been funded since 1999 by a grant from the
Japanese Ministry of Health, Labour and Welfare as a major project
of the Research Committee on Spontaneous Occlusion of the Circle
of Willis (moyamoya disease).

Disclosures
None.

References

1. Kuroda S, Houkin K. Moyamoya disease: current concepts and future
perspectives. Lancet Neurol. 2008;7:1056-1066.

2. Takahashi JC, Miyamoto S. Moyamoya disease: recent progress and out-
look. Neurol Med Chir (Tokyo). 2010;50:824-832.

3. Research Committee on the Pathology and Treatment of Spontaneous
QOcclusion of the Circle of Willis; Health Labour Sciences Research
Grant for Research on Measures for Infractable Diseases. Guidelines
for diagnosis and treatment of moyamoya disease (spontane-
ous occlusion of the circle of Willis). Neurol Med Chir (Tokyo).
2012;52:245-266.

4. Houkin K, Kamiyama H, Abe H, Takahashi A, Kuroda S. Surgical
therapy for adult moyamoya disease. Can surgical revasculariza-
tion prevent the recurrence of intracerebral hemorrhage? Stroke.
1996;27:1342~1346.

The Japan Adult Moyamoya Trial 1421

5. Miyamoto S; Japan Adult Moyamoya Trial Group. Study design for a
prospective randomized trial of extracranial-intracranial (EC-IC) bypass
surgery for adults with moyamoya disease with hemorrhagic onset—
the Japan Adult Moyamoya Trial Group. Neurol Med Chir (Tokyo).
2004;44:218-219.

6. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn
J. Interobserver agreement for the assessment of handicap in stroke
patients. Stroke. 1988;19:604-607.

7. Kawaguchi S, Sakaki T, Morimoto T, Kakizaki T, Kamada K.
Characteristics of intracranial ancurysms associated with moyamoya dis-
case. A review of 111 cases. Acta Neurochir (Wien). 1996;138:1287-1294,

8. Yoshida Y, Yoshimoto T, Shirane R, Sakurai Y. Clinical course, surgi-
cal management, and long-term outcome of moyamoya patients with
rebleeding after an episode of intracerebral hemorrhage: an extensive
follow-up study. Stroke, 1999;30:2272-2276,

9. Kobayashi E, Saeki N, Oishi H, Hirai S, Yamaura A. Long-term natural
history of hemorrhagic moyamoya disease in 42 patients. J Neurosurg.
2000393:976~980.

10. Baba T, Houkin K, Kuroda S. Novel epidemiological features of moy-
amoya disease. J Neurol Neurosurg Psychiatry. 2008;79:900-904.

11. Kuroda S, Houkin K, Kamiyama H, Abe H. Effects of surgical revascu-
larization on peripheral artery ancurysms in moyamoya disease: report of
three cases. Neurosurgery. 2001;49:463-467.

12. Ni W, Xu F, Xu B, Liao Y, Gu Y, Song D. Disappearance of aneurysms
associated with moyamoya disease after STA-MCA anastomosis with
encephaloduro myosynangiosis. J Clin Neurosci. 2012;19:485-487.

13. Kawaguchi S, Okuno S, Sakaki T. Effect of direct arterial bypass on the
prevention of future stroke in patients with the hemorrhagic variety of
moyamoya disease. J Neurosurg. 2000;93:397-401.

14. Karasawa I, Hosot K, Morisako T. Revascularization for Hemorrhagic
Moyamoya Disease. Research Committee on Spontaneous Occlusion of
the Circle of Willis (Moyamoya Disease) of Ministry of Health Labor and
Welfare: Annual Report 2000 (in Japanese). Tokyo, Japan: Ministry of
Health, Labor, and Welfare; 2001:55~58.

15. Fujii K, ITkezaki K, Irikura K, Miyasaka Y, Fukui M. The efficacy of
bypass surgery for the patients with hemorrhagic moyamoya disease.
Clin Neurol Neurosurg. 1997;99(suppl 2):S194-S195.

— 146 —



Cirenlation Journal
Official Journal of the Japanese Circulation Society
hitp:/ www. j-cire,on.jp

ORIGINAL ARTICLE
ﬁsg%&gimig&%ggyimg%;ygiﬁiagg
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Background: The incidence of intracranial bleeding during dabigatran treatment is lower than that during warfarin
treatment. The characteristics of intracranial hemorrhage during dabigatran therapy, however, remain unclear.

Methods and Resudtsr The clinical data and treatment summaties of 9 intracranial bleeds that developed during
dabigatran treatment in 8 patients with non-valvular atrial fibrillation were retrospectively reviewed. Five patients had
small~moderate subdural hematomas, 2 had intracerebral hemorrthage and 1 had traumatic subarachnoid and pa-
renchymal hemorrhage associated with cerebral contusion. Activated partial thromboplastin time upon admission
ranged from 31.6 10 72.4 s. After admission, syst’o’lic blood pressure in the 2 patients with intracerebral hemorrhage
was maintained below 140mmHg, and the subdural hematomas in 4 patients were surgically reated. None of the
hematomas became enlarged and outcome was good in most cases.

Convtusions: Hematomas that arise dus to acuteintracranial bleeding during dabigatran treatment seem to remain

small to moderate, hard to expand, and manageable.

{Circ J 2014, 78: 1335-1341)

ey Words: Blood pressure; Dabigatran; intracranial hemorrhage; Novel oral anticoagulant

cantly lower incidence of intracranial bleeding in pa-
tients treated with dabigatran (150 and 1 10mg b.id)
than with warfarin.! The incidence of intracranial bleeding dur-
ing dabigatran treatment is lower not only in patients younger,
but also 1n those older than 75 years of age.?? Patients treated
with warfarin sometimes develop intracranial hemorrhage and

T he RELY phase I trial of dabigatran found a signifi-

the outcome of such patients is poor due to the development of

large hematomas and their subsequent expansion.** The char-
acteristics of infracranial hemorrhage during dabigatran thera-
Py, however, remain unclear. Ther efore. we anal yzed data from
Y intracranial hemorrhages that developed in 8 patients treated
with dabigatran.

Editorial 91317

Methods
We retrospectively investigated the clinical data and treatment
summaries of 9 intracranial bleeds that developed in 8 patients
during treatment with dabigatran for prevention of stroke as-
sociated with non-valvular atrial ﬁbn’i lation INVAF) between
March 2011 and February 2013 at 5 hospitals. We investi-
gated data including age, gender, period from onset of symp-
tomns to arrival at consulting hospital. dose of dabigatran, pe-
riod after dabigatran started, activated partial thromboplastin
time (APTT) on admission® treatment with prothrombin com-
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Case No. 1
Age (years) STRIEE T
Gender 'M
Time from onset to first CT oo Asymptomatic
Type of intracranial bleeding CSDH
Recent head injury ~ ~ No
Dose of dabigatran 110 b.id.
Periad since dabigatran commenced 1 month
APTT
{s) at admission 31.6
Prothrombin complex concentrate No
Size of hematoma Small,
9rmm thick
Expansion of hematoma : .  No
Surgical freatment None
mAS before and after - 0.0after
e el R ,  Tdays
Hypertension history Yes
Anti-hypertensive medicine o Yes
BP at admission 100/75
BP before admission 126170
BP control after admission Yes
Diabetes mellitus -~ ST R
Creatin clearance {mi/min) 72.9
Renal dysfunction, creatinin »2.26 mg/di ~ No
Liver disease No
Stroke history No
Prior major bleeding or predisposing to bleeding No
Elderly 265 ysars old Yes
Antiplatelet No
“NSAIDS o No
Aleohol No
Smoking L No

) 5 - " ;

BT 80 86 74
F F M M
SAmontho o0 18 days On the day 4 days

of symptom
CSDH CSDH CSDH CSDH
Yes  Yes Yes Yes
110 b.i.d, 110 b.i.d. 110 b.id. 110 b.id.
6 months 3 months 1 month- 8 days
47.2 46.9 375 38.2
No 1.500 1U No i No-
Medium, Medium, Medium Leit, Medium
15mm thick 14mmthick  8mmthick; right,  19mm thick
11 mym thick
~ No . No No !~ . .No
Burr-hole Burr-hole Bilateral burr- Burr-hole
evacuation evacuation hole evacuation evacuation
0, 0 afler 0. O after 0, 0 after 0.0a
3 months 2weeks - 21days
No No Yes
No No . Yes N
120/60 156/89 123/69 ’ 130/79
o460 12t o272 24082
No No Yes No
No.. . - Nao o No oo N
46 32 43 53
No No No No
No No Yes No
Yes No No No
- No No No No
Yes Yes Yes Yes
No No No No
Now v iMooy N Nes
No No No - No
“No o unknown - Exsmoker  No

plex concentrate, head computed tomography (CT) findings,
hematoma size, hematoma expansion, surgical treatment,
blood pressure control, diubetes mellitus, smoking habit and
modified Rankin Scale (mRS) score before onset and at dis-
charge. We also studied data regarding hypertension, renal
dysfunction; liver disease, past history of stroke, major bieed-
ing History, predisposition to bleeding. concomitant therapy
such as antipfatelet and non-steroidal anti-inflarmmatory drugs
(NSAIDs), and alcohol (consuming 28 alcoholic drinks per
week) according to HAS-BLED score criteria for evaluating
risk of major bleeding.” Chronic subdural hematoma (CSDH)
was defined as follows: thickness <10mm, smail; 10-19mm;,
medivm; and >20mm, large. We defined other intracranial
hematomas according to dlameters <15, 15-29 and >30mm as
small, medium and large; respectively.

{Tabie continued the next page.)

Case Reporis

Case 1 A 79-year-old man with NVAF treated with dabi-
gatran (1 10mg b.i.d.) underwent brain magnetic resonance
imaging (MRI) to evaluate an unruptured intracranial aneu-
rysm at the et anterior communicating artery. The size and
shape of the aneurysm had remained constant and the patient
had an asymptomatic 9-mum thick CSDH at the left frontal area
(Table). Three days later, APTT was 3145 and follow-up
brain CT indicated no change in the size of the hematoma.
Dabigatran was switched to warfarin and the hematoma disap-

“peared after 3 months without any symptoms. |

Gase 2 Brain CT confirmed CSDH at the left frontal and
temporal areas.of an §7-year-old woman with atrial fibrillation
wreated with dabigatran (110mg hid) who presented with
headache and gait disturbance (Figure 1; Table). The physi-
clan in charge continued the dabigatran to aveid brain infarc-

tion; but the symptoms did-not improve over the next 6 days

Cirpaation Jovened  VYol78, dme 2014
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Gender
- Time fro

hemorthage

 Period since dabigatran commenced = g months..
APTT b e 80
{s) at admission 45.8 - 44.7
- Prothvombin complex congentrate . . .. .Ng oo Ne L8001
Size of hematoma Small, Medium, Medium,
diameter <15mm diameter <30mm 5ml,
diameter <30mm dzameter <15mm
E)&ééﬁgioﬁéfﬁéﬁiétofﬁé e T b ac i
Surgical treatment None None None None
- mRS before and after 0,2 after 0, 1 after -
: 4 B.days
Hypertension history Yes
© Anti-hyperiensive medicine Yes.
BP at admission 154/90
- BPbefore admission 140/86
BP gontrol after admission Yes <140mmHg
. Diabetes melitus No
Creatin clearance (mi/min) 55
- Benal dysfunction, creatinin >2,26 mg/dl No
Liver disease No
- 8troke histoty No
Prior major bleeding or predisposing to bleeding No
 Elderly 265 years old v Yes - Yes
Antiplatelet Yes, aspirin
 NSAIDS No
Alcohol No
- Smoking: Ex stioker

K} uxhu Medlca Cemer Up(m adm ssion, APT”
and CT confirmed that the hematoma had not expfmded Dab-
igatran was stopped for 24h. the hematoma was evacuated
through a burr-hole and then dabigatran was started again 48 h
later. The patient fully recovered.

Case 3 A head contusion was followed by a gait distur-
bance 1 month later in an 80-year-old woman on dabigatran
(110mg b.i.d.) with NVAF. Head CT 19 days after symptom
onset showed a l4-mm-thick CSDH on the left side (Table),
APTT on admission was 46.3 5. Dabigatran was stopped and
prothrombin complex concentrate 1.5001U was given. APTT
was 47.7s at 10min later and 41.65 on the following day. The
size-of the hematorna remained constant. The hemutoma was
treated by burr-hole evacuation, from which she fully recov-
ered. Dabigatran 110mg bi.d. was restarted 2 days after the
surgery and rebleeding did not occur.,

Civptzion Jourm

} renal dysfunchon creatmm >2 26 mg/dl.
ama! 1rombopiastm time; AST, aspartate aminotransferase;

dabigatran (110mg

» i ed with paroxysmal
atrial fibrillation dwc]opcd W dl}\mv difficulties and started to
fall easily (Table). Head CT showed bilateral C8DH, and
APTT on admission was 37.5s. Dabigatran was stopped and
the hematoma was treated by burr-hole evacuation from which
the patient fully recovered. Anticoagulant therapy was not re-
started due to the patient and family’s concern about the risk
of recurrent hemorrhage.

Gasg§ A 74-year-old man treated with dabigatran (110 mz
b.id.) fell and bit his head after consuwning alcohol. He pre-
sented at a hospital 6 weeks later with gait distarbance, right
hemiparesis and incontinence. Head MRY showed CSDH on
the left side (Table), and APTT was 38.2 ¢, Burr-hole evacua-
tion was done and he recovered uneventfully. Anticoagulation
with dabigatran 110mg b.i.d. was resumed.

Case 6§ An &7-year-old woman on dabigatran (110mg

VOLYE, Jung 2014
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Day 1 Day 6

Figare 1.

evacuation on day 7.

1 Head computed tomograpity of an 87-year-old waman (case 2) on days 1. 6, 7 and 3 months theresfter, The arows
show that subdural hematoma on day 1 has not expanded by day 6, The patient fully recovered at 3 months after bur-hole

Day 7

Day 1

fours 2.

Days

, Head oomputed tomography ofan 87-yec1r~o!d woman (case 6): (%j;:sgser) traumatic subarachnoad hemorrhage on davs
1 (arrov»} and 5; {Lower) heaci cantus;on on aays 1 {arrov} 3 and 7.

VDay7

buid.) to prevent recurrent cardicembolic stroke assoclated with
NVAF fell and hit her head. She developed headache and pre-
sen'ted at hospital, where head CT confirmed traumatic sub-

arachnoid hemorthage (Figurs 2; Table). APTT was 45.8s.
Dﬁb:vamn was stopped for 4 days and resumed. One week
later, she fell and hit her head again. Head CT showed a contu-
sion on the right frontal lobe. Dabigatran was stopped for 7

rosdgtion Joun

17

days and the hematoma in the area of contusion was moni-
tored. The hematoma-did not expand and she recovered. Dabi-
gatran (110mg b.i.d.) was started once again. :

Case 7 A 92-year woman given dabigatran 110mg bid.

with mRS 4 due to a previous stroke suddenly became uncon-

Yl

scious and developed right hemiparesis. She was transferred
to hospital 1h 20 min later. Head CT showed a left thalamic

L7E, Jung 2018
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coronal and (Lewser) sagittal imaging on days 1, 2, and 7.

Day 2

fggamiﬁ Head computed tc}mography ofa 97~yx,ctr»uid womarn with iett thalamrc hemarrk 1aqe {case 7): (833;3@?) axial, (Middie )

Day 7

hemorrhage of approximately Smi (Figure 3; Table). Blood
pressure was 164/85 mmHg and thus the systohc pressure was
lowered and maintained below [40mmHg thereafter. APTT
on admission was 44.7 s and prothrombin complex concentrate
{5001U) was given. Two hours later, APTT was 30.1s. The
hematoma remained unchanged on days 2 and 7. Warfarin
therapy was started and she was discharged with mRS 4.

Case & An 82-year-old man with atrial fibrillation treated
with dabigatran (110mg b.r.d.) who deveioped a right putam-
inal hemorrhage with headache and left hemiparesis was admit-
ted to hospital (Figure 4; Tuble). APTT was 72.4s; hlood pres-
sure, 154/90 mmHg and NIH stroke scale, 4. Head CT indicated
a small right putaminal hemorrhage. Dabigatran was stopped
and systolic blood pressure was controlied at <140 mmHg. The
symptoms improved and mRS was 1 when he was discharged
8 days later. Anticoagulation was restarted on day 3 with riva-
roxaban {10mg ¢.d.). Brain CT on days 2 and 5 showed that
the hematoma had not expanded.

Discussion
That all 9 of the hematomas associated with CSDH as well as
traumatic subarachnoid and intracerebral hemorrhages were
small to moderate. remained unchanged during the observation

Dreutation Jouns

period and resulted in good outcore, is remarkable. Seven of
the 9 episodes resulted in mRS scores of 0 or 1. The acute
hematoma at the putamen was particularly small and did not
expund, with good cutcome of mRS 1 at discharge irrespective
of advanced APTT of 72.45 on admission. This phenomenon
might have been due to not only strict hlood pressure control
in the 2 patients with intracerebral hemorrhage but also the
characteristics of novel oral anticoagulants including dabiga-
tran, which do not affect plasma concentration of factor VE or
of complexes of tissue factor and factor VIla that are essential
for the first reaction in the coagulation cascade. Warfarin sup-
presses factor VI production even within the therapeutic range
of prothrombin time, which is a reason why the incidence of
intracrapial hemorrhage and major bleeding are higher on
warfarin than novel oral anticosgulants including dabigatran,
and why acute intracranial hematoma developing du_rmg, war-
farin therapy easily expands, 85833

Another explanation might be that dabigatran interacts se-
lectively and reversibly with the active site of the thrombin
molecule but does not inhibit thrombin activatable fibrinelysis
inhibitor generation, leading to downregulation of fibrinolysis
and has a short half-life of 12-17h, leading to carly excretion
fromuthe body 24435 It seems that recent findings of experimen-
tal studies are consistent with the present case series analy-

Yol.78, gaw 2014
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pper) axal, (Middie)

$i5. 5% Waon et al measured contrast medium extravasation
using dual-encrgy CT in experimental intracerebral hemor-
rhage mice models treated with dabigatran or warfarin and
found that dabigatran induced less contrast medium extravasa-
tion, amarker of ongoing bleeding, than warfarin.™ Luuer et
al found that, in contrast with warfarin, pretreatment with
dabigatran did not increase hematoma volume in experimental
mice models of intracerebral hemorchage.

The reported incidence of intracranial hemorthage is higher
among Asian than nop-Asian individuals. ' Therefore, the

present findings and those of reports describing the value of

dabigatean for treating Asian patients indicate that dabiga-
tran iy wseful for treating Asian patients including Japanese
patients.

The HAS-BLED score before onset in the 8 subjects way '
or 2, and none had 1 HAS-BLED score 23, which may also be
related to the small-moderate size of the hematomas and good
prognosis.’

With regard to HAS~BLED score, “clderly 265 yeurs old”
was seen in all subjects. Hart et al noted that age was a predis-
posing factor for intracramial hemorrhage during anticoagula-
tion with dabigatran in the RE-LY tial® Seven of the 9 epi-
sodes deseribed herein were CSDH, traumatic subarachnoid
hemorrhage and brain contusion related to head injury in the
elderly. Thus. such elderly patients treated with dabigatran
should be advised:to walk carefully to avoid falls: :

Prothrombin complex concenirate was given o2 patients.
Rapid reversal of APTT was notevident but none of the present
hematomas expanded. These results are consistent with previ-
ous findings showing that prothrombin complex concentrate
prevents-excess hemgtoma expansion after dabigatran treat-

Davuiation Jowrnal

ment.”? Because dabigatran treatment does not rule out hema-~
toma expansion,® guidelines on how to reverse dabigairan
activity in major hemorrhage need to be established. Reviews
and experiments suggest that this can be rapidly achieved using
4-factor prothrombin complex concentrate, activated prothrom-
bin complex concentrate and antibodies. ™32

Hematomas that arise due 10 acute intracranial bleeding dur-
ing dabigatran treatment seem to remain small to moderate, are
unlikely 1o expand, and are imanageable.
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