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Abstract
Objective
To compare the impact of intensive blood pressure (BP) lowering right after intracerebral hemorrhage
(ICH) on clinical and hematoma outcomes among patients from different geographic locations, we
performed a prespecified subanalysis of a randomized,multinational, 2-group, open-label trial to determine
the efficacy of rapidly lowering BP in hyperacute ICH (Antihypertensive Treatment of Acute Cerebral
Hemorrhage [ATACH]-2), involving 537 patients from East Asia and 463 recruited outside of Asia.

Methods
Eligible patients were randomly assigned to a systolic BP target of 110 to 139 mm Hg (intensive
treatment) or 140 to 179 mmHg (standard treatment). Predefined outcomes were poor functional
outcome (modified Rankin Scale score 4–6 at 90 days), death within 90 days, hematoma expansion
at 24 hours, and cardiorenal adverse events within 7 days.

Results
Poor functional outcomes (32.0% vs 45.9%), death (1.9% vs 13.3%), and cardiorenal adverse events
(3.9% vs 11.2%) occurred significantly less frequently in patients from Asia than those outside of
Asia. The treatment-by-cohort interaction was not significant for any outcomes. Only patients from
Asia showed a lower incidence of hematoma expansion with intensive treatment (adjusted relative
risk [RR] 0.56, 95% confidence interval [CI] 0.38–0.83). Both Asian (RR 3.53, 95% CI 1.28–9.64)
and non-Asian (RR 1.71, 95% CI 1.00–2.93) cohorts showed a higher incidence of cardiorenal
adverse events with intensive treatment.

Conclusions
Poor functional outcomes and death 90 days after ICH were less common in patients from East Asia
than those outside of Asia. Hematoma expansion, a potential predictor for poor clinical outcome,
was attenuated by intensive BP lowering only in the Asian cohort.

ClinicalTrials.gov Identifier
NCT01176565.

Classification of Evidence
This study provides Class II evidence that, for patients from East Asia with ICH, intensive blood
pressure lowering significantly reduces the risk of hematoma expansion.
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Stroke was estimated to occur in ≈14 million population
annually and was the second largest cause of death (≈5.5
million) and the second most common cause of disability-
adjusted life-years (≈116 million) globally from 1990 through
2016.1 Of all strokes, 14% to 18.5% were reportedly in-
tracerebral hemorrhages (ICHs).2,3 Although both the in-
cidence and mortality of ICH decreased in the past 2 decades
worldwide, ICH is still a devastating disease.1

Acute therapeutic strategies for ICH lag far behind those for
acute ischemic stroke in their practical impact4,5; among
these, acute lowering of elevated blood pressure (BP) may
attenuate early hematoma expansion and have the potential to
decrease death and disability. The Second Intensive Blood
Pressure Reduction in Acute Cerebral Haemorrhage Trial
(INTERACT2) demonstrated possibly better functional
outcomes for patients with acute ICH with early intensive
lowering to a targeted systolic BP (SBP) of <140 mmHg than
the standard target of SBP <180mmHg (odds ratio 0.87, 95%
confidence interval [CI] 0.75–1.01).6 However, another
global randomized controlled trial, the Antihypertensive
Treatment of Acute Cerebral Hemorrhage (ATACH)-2 trial,
which overlapped in time with INTERACT2, did not show
benefit in reducing the rate of the primary outcome of death
or disability, defined as a modified Rankin Scale (mRS) score
of 4 to 6, between the 2 treatment groups with the same target
level of SBP as in INTERACT2 (relative risk [RR] with in-
tensive treatment 1.04, 95%CI 0.85–1.27).7We hypothesized
that the prevalence and geographic variety of patients from
Asia would have affected the difference in the efficacy out-
comes between the trials.

Methods
Classification of Evidence
The primary research question was to evaluate the geographic
differences in clinical outcomes and early hematoma expan-
sion after ICH between patients from East Asia and those
outside of Asia. This study provides Class II evidence that, for
patients from East Asia with ICH, intensive BP lowering
significantly reduces the risk of hematoma expansion.

Standard Protocol Approvals, Registrations,
and Patient Consents
ATACH-2 was registered in ClinicalTrials.gov (NCT01176565)
and the University Hospital Medical Information Network clin-
ical trial registry in Japan (UMIN 000006526) and was approved
by ethics committees/competent authorities in all participating

sites. Informed consent was obtained from each participant, her/
his legally authorized representative, or a relative.

Patients
ATACH-2 was a randomized, multinational, 2-group, open-
label trial to determine the efficacy of rapidly lowering SBP
in patients with hyperacute spontaneous supratentorial ICH
from 110 sites in the United States, Japan, China, Taiwan,
Germany, and South Korea.7–9 A detailed description of the
protocol has been provided elsewhere.10 Briefly, patients
with a Glasgow Coma Scale score ≥5 and an SBP ≥180 mm
Hg on arrival at the emergency department and intra-
parenchymal hematoma with a volume <60 cm3 on initial
non–contrast-enhanced CT were centrally randomized to
undergo either intensive SBP lowering (target SBP
110–139 mm Hg) or standard SBP lowering (target
SBP140–179 mm Hg) in a 1:1 ratio within 4.5 hours of
symptom onset.

IV nicardipine infusion was started to reduce hourly minimum
SBP to the target level within 2 hours of randomization and to
maintain this level through 24 hours for each participant. SBP
was measured every 5 minutes for the first 15 minutes after
initiation of nicardipine infusion followed by at least every 15
minutes for the remainder of the first hour and at least every
30 minutes during the period from 1 to 24 hours. Minimum
and maximum SBPs were recorded each hour.

Neurologic status was assessed with the NIH Stroke Scale
(NIHSS) score at baseline by a qualified study in-
vestigator. The trial mandated a head CT at 24 (±8) hours
after initiation of treatment. CT images underwent post
hoc computerized volumetric analysis by central neuro-
imaging specialists who were blinded to the treatment
assignment, clinical data, adverse events, and CT results
from different time points. Postdischarge follow-up in-
cluded telephone contact at 1 month to collect data on
mRS scores, adverse events, and death and an in-person
clinical evaluation at 90 days to perform physical and
neurologic examinations and to assess the mRS score by a
qualified investigator who did not participate in the ran-
domization, treatment, or in-hospital clinical management
of the study participants.

Study Outcomes
The outcome measures for the present exploratory analyses
were (1) the proportion of patients with poor functional
outcomes corresponding to an mRS score of 4 to 6 at 90 days;
(2) death within 90 days; (3) hematoma expansion, defined as

Glossary
ATACH = Antihypertensive Treatment of Acute Cerebral Hemorrhage; BP = blood pressure; CI = confidence interval; ICH =
intracerebral hemorrhage; INTERACT2 = Second Intensive Blood Pressure Reduction in Acute Cerebral Haemorrhage Trial;
mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale; RR = relative risk; SAMURAI = Stroke Acute Management With
Urgent Risk-Factor Assessment and Improvement; SBP = systolic BP.
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an increase in volume >6 cm3 on the 24-hour CT compared
with the baseline CT11; and (4) renal and cardiac adverse
events the grade 2 to 5 of the Common Terminology Criteria
for Adverse Events version 4.03 (ctep.cancer.gov/proto-
coldevelopment/electronic_applications/ctc.htm; grade 1
[mild]–grade 5 [fatal]) within 7 days. All adverse events were
judged by the investigators and recorded on the case report
form on the study website. Independent reviews of all severe
events were conducted by the physicians in the Independent
Oversight Committee, blinded to clinical outcomes. Defini-
tions of events were identical to the previous substudy of
acute SBP levels achieved after ICH.11 Patients who un-
derwent surgical procedures before the 24-hour CT were
excluded from the analysis of hematoma expansion.

Statistical Analysis
A total of 1,000 patients were randomized in ATACH-2. All
patients recruited in East Asia (Japan, China, Taiwan, and
South Korea) were included in the Asian group, and all pa-
tients recruited outside of Asia (United States and Germany)
were included in the non-Asian group, regardless of Asian or
non-Asian race. Analysis of each outcome was performed
under the intention-to-treat principle, including all patients
randomized to either treatment group. In addition, a sec-
ondary analysis on racial differences was performed with 980
patients who self-identified as White, Black, or Asian race in
accordance with the NIH guidelines for reporting race
(grants.nih.gov/grants/guide/notice-files/NOT-OD-01-053.
html).

Table 1 Demographic and Clinical Characteristics of Patients by Cohort

From Asia
(n = 537)

Outside of
Asia
(n = 463) p Value

From Asia Outside of Asia

Intensive
(n = 264)

Standard
(n = 273)

Intensive
(n = 236)

Standard
(n = 227)

Women 179 (33.3) 201 (43.4) 0.0011 95 (36.0) 84 (30.8) 101 (42.8) 100 (44.1)

Age, y 61.2 ± 13.0 62.9 ± 13.1 0.0375 61.5 ± 13.4 60.9 ± 12.6 62.6 ± 12.8 63.2 ± 13.4

History of stroke/TIA, n (%) 66 (12.3) 98 (21.4) 0.0001 31 (11.7) 35 (12.9) 49 (21.1) 49 (21.7)

Hypertension, n (%) 418 (80.1) 375 (83.2) 0.2175 214 (82.6) 204 (77.6) 197 (86.4) 178 (79.8)

Dyslipidemia, n (%) 98 (19.2) 143 (33.3) <0.0001 48 (19.1) 50 (19.3) 74 (34.6) 69 (32.1)

Diabetes mellitus, n (%) 73 (13.7) 113 (24.7) <0.0001 44 (16.8) 29 (10.7)a 54 (23.3) 59 (26.2)

Current smoking, n (%) 175 (32.6) 89 (19.2) <0.0001 78 (29.6) 97 (35.5) 48 (20.3) 41 (18.1)

Glasgow Coma Scale score, n (%) 0.3898

3–11 84 (15.6) 63 (13.6) 42 (15.9) 42 (15.4) 31 (13.1) 32 (14.1)

12–14 149 (27.8) 145 (31.3) 71 (26.9) 78 (28.6) 81 (34.3) 64 (28.2)

15 304 (56.6) 255 (55.1) 151 (57.2) 153 (56.0) 124 (52.5) 131 (57.7)

NIHSS score, n (%) 10 (6–15) 12 (6–17) 0.0204 10 (6–15) 10 (7–14.5) 12 (6–17) 11 (6–17)

Baseline SBP, mm Hg 199.9 ± 24.5 201.3 ± 29.5 0.4120 200.6 ± 24.8 199.3 ± 24.3 199.4 ± 29.4 203.3 ± 29.6

Hematoma volume, mL 10.1
(5.4–18.1)

10.3 (4.6–19.5) 0.9928 9.8 (5.3–17.6) 10.3
(5.7–18.5)

10.8 (4.6–19.6) 10.2
(4.5–19.5)

Hematoma location, n (%) <0.0001

Basal ganglia 300 (56.4) 178 (45.1) 144 (55.0) 156 (57.8) 111 (47.4) 96 (42.7)

Thalamus 195 (36.6) 207 (38.8) 102 (38.9) 93 (34.4) 91 (38.9) 87 (38.7)

Lobe 37 (7.0) 74 (16.1) 16 (6.1) 21 (7.8) 32 (13.7) 42 (18.7)

Intraventricular hemorrhage, n
(%)

114 (21.4) 144 (31.4) 0.0004 46 (17.6) 68 (25.2)a 75 (32.1) 69 (30.7)

Onset-to-randomization, min 170
(125–220)

203 (154–240) <0.0001 168.5
(125–216)

172
(125–225)

202
(147.5–242)

204
(159–240)

Abbreviations: NIHSS = NIH Stroke Scale; SBP = systolic blood pressure.
For categorical variables, numbers (percents) are presented with χ2 p value. For continuous variables, mean ± SD (for normally distributed variables) or
median (interquartile range) (for nonnormally distributed variables) values are presented with Wilcoxon rank p values. Six patients are missing data for
previous stroke/TIA, 27 for hypertension, 60 for dyslipidemia, 9 for diabetes mellitus, 5 for NIHSS score, 1 for baseline SBP, and 9 for items on CT (central
reading): hematoma volume, hematoma location, and intraventricular hemorrhage.
a p < 0.05 vs intensive.
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Demographic and baseline clinical characteristics and out-
comes were compared between patients from Asia and those
outside of Asia (or among Asian, White, and Black partici-
pants) using χ2 tests for categorical variables and Wilcoxon
rank tests for continuous variables. Interaction effects be-
tween treatment and cohort were assessed using the cohort,
treatment group, and the treatment-by-cohort interaction
term as covariates and further adjusted for known predictors
for clinical outcomes after ICH that were chosen in our pre-
vious substudy of ATACH-2,8 including sex, age, baseline
NIHSS score, baseline hematoma volume, hematoma loca-
tion (lobar hematoma), intraventricular hemorrhage, and
time from symptom onset to randomization. Quartile cate-
gories were used for these continuous factors.

The PROC GENMOD procedure of the latest version of
SAS software and JMP version 14 software (SAS Institute,
Cary, NC) were used to obtain test statistics and results.
Values of p < 0.15 were considered significant for assessment
of the treatment-by-cohort interaction. In the other com-
parisons, values of p < 0.05 were considered significant be-
cause the analyses were exploratory rather than an attempt
to definitively establish the existence of racial differences in
the effect of intensive SBP reduction after ICH. Therefore,
caution in interpretation of any significant findings is
advised.

Data Availability
The whole dataset of ATACH-2 is currently open to the
public and is available on request to the National Institute of
Neurologic Disorders and Stroke.

Results
Comparison Between Patients Recruited in
and Outside of Asia
Of a total of 1,000 patients studied (mean ± SD age, 62.0 ± 13.1
years, 380 women), 537 were recruited from Asia (288 from
Japan, 137 from China, 95 from Taiwan, and 17 from South
Korea), and all were of Asian race. The remaining 463 were
recruited in the United States (422) and Germany (41), with
62% (287) White, 28% (131) Black, 5% (25) Asian, and 4%
(20) other races. Table 1 shows the demographic and clinical
characteristics compared between the patients from Asian and
non-Asian regions. Of clinical significance were higher pro-
portions of risk factors in the non-Asian cohort (history of
stroke or TIA, dyslipidemia, diabetes mellitus, lobar hematoma,
and intraventricular hemorrhage), but current smoking was
more common in the Asian cohort. Onset-to-randomization
time was 33 minutes longer in the non-Asian cohort.

On average, the Asian and non-Asian cohorts had similar profiles
of SBP levels during the initial 24 hours after randomization
(figure 1). The average mean hourly minimum SBPs during 24
hours were nearly identical (132.8 ± 13.9 mm Hg in Asian and
133.0 ± 13.5 mm Hg in non-Asian participants).

Figure 2 shows mRS scores at 90 days. The proportion of
poor functional outcomes corresponding to anmRS score of 4
to 6 was 32.0% (170 of 532) in the Asian cohort and 45.9%
(197 of 429) in the non-Asian cohort (p < 0.0001). Mortality,
corresponding to an mRS score of 6, was 1.9% (10 of 532) in
Asian and 13.3% (57 of 429) in non-Asian participants (p <

Figure 1MeanHourlyMinimumSystolic Blood PressureDuring First 24Hours After Randomization by Cohort 0 (hour), Just
Before Randomization
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0.0001). After multivariable adjustment, the rates of both
poor functional outcome (RR 0.86, 95% CI 0.74–0.99) and
mortality (RR 0.19, 95% CI 0.10–0.38) were lower in Asian
participants. There was no significant treatment-by-cohort
interaction of poor functional outcome (p = 0.821) or death
(p = 0.557, figure 3), although Asian participants showed
relatively lower risk for death (RR 0.66) than non-Asian
participants (RR 1.01) by intensive SBP lowering.

Early hematoma expansion was not assessed for 71 patients;
baseline CT data were not available in 9; follow-up CT data were
not available in 15; and follow-up CT data were affected by
emergent surgery in 47. A total of 170 of the remaining 929
patients (18.3%) showed hematoma expansion. Overall, hema-
toma expansion was identified in 17.2% (88 of 513) of patients
from Asia and 19.7% (82 of 416) of those outside of Asia (p =
0.3168). There was no significant treatment-by-cohort in-
teraction of expansion (p = 0.226, figure 3), while hematoma
expansion was less common in the intensive treatment group
than in the standard treatment group after multivariable adjust-
ment only in Asian participants (RR 0.56, 95% CI 0.38–0.83).

Cardiorenal adverse events (moderate, severe, life-threatening,
or fatal) within 7 days were identified in 3.9% (21 of 537) of
patients from Asia and 11.2% (52 of 463) of those outside of
Asia (p < 0.0001). After multivariable adjustment, the rate of
adverse events (RR 0.45, 95%CI 0.27–0.75) was lower in Asian
participants. Details of the adverse events are documented in
table 2. There was no significant treatment-by-cohort in-
teraction of expansion (p = 0.187, figure 3); the rate of patients
with adverse events was higher in the intensive treatment group
than in the standard treatment group in both Asian (RR 3.53,

95% CI 1.29–9.64) and non-Asian participants (RR 1.71, 95%
CI 1.00–2.93) after multivariable adjustment.

Comparison Among Self-Identified Racial
Categories (Asian, White, and
Black Participants)
Table 3 shows demographic and clinical characteristics of pa-
tients among Asian (562 patients), White (287), and Black
(131) participants. Unique characteristics of Black especially
compared toWhite participants included lowermean age, higher
frequency of hypertension, and higher level of baseline SBP. The
3 groups had similar profiles of mean hourly minimum SBP
during the initial 24 hours after randomization, with average SBP
of 131.8 ± 13.5 mm Hg in White participants and 135.1 ±
13.6 mm Hg in Black participants (p = 0.0502 among 3 races).

Poor functional outcome was identified in 45.8% of White and
44.5% of Black participants (p < 0.0001 among 3 races [the
same applies to the following], figure 2);mortality in 16.0% and
7.7%, respectively (p < 0.0001); hematoma expansion in 20.9%
and 16.4%, respectively (p = 0.3918); and cardiorenal adverse
events in 11.9% and 8.4%, respectively (p = 0.0003). After
multivariable adjustment, the rate of poor functional outcome
(RR 0.89, 95% CI 0.76–1.04 vs White participants; and RR
0.81, 95% CI 0.65–1.01 vs Black participants) tended to be
lower and mortality (RR 0.18, 95% CI 0.09–0.33; and RR 0.27,
95%CI 0.11–0.65, respectively) was lower in Asian participants
than the other 2 races. Cardiorenal adverse events were lower
in Asian thanWhite (RR 0.48, 95% CI 0.29–0.80) participants.

The treatment-by-cohort interaction was not significant for any
outcomes (table 4). Hematoma expansion was less common

Figure 2 Modified Rankin Scale Score at 90 Days by Cohort
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(RR 0.57, 95% CI 0.39–0.83) and cardiorenal adverse events
were more common (RR 2.75, 95% CI 1.15–6.56) in the in-
tensive treatment group than in the standard treatment group
after multivariable adjustment only in Asian participants.

Discussion
In the present analysis of patients from Asia and outside of Asia of
the ATACH-2 trial data, the aim was to determine the association
between geographic locations and clinical (90-day mRS score),
imaging (hematoma expansion within 24 hours), and safety (car-
diorenal adverse events within 7 days) outcomes in patients with
acute ICH. One of the major findings was the large differences in
ICH characteristics between the patients fromAsian (to be precise,
East Asian) and non-Asian regions. In particular, hematomas in the
basal ganglia weremore common and intraventricular hemorrhage
was less common in theAsian cohort than in the non-Asian cohort.
Second, the Asian cohort overall had better outcomes in terms of
lower rates of poor functional outcome (32.0% vs 45.9%, absolute
difference 13.9 percentage points) and death (1.9% vs 13.3%,
absolute difference 11.4 percentage points) and lower incidence of
cardiorenal adverse events (3.9% vs 11.2%, absolute difference 7.3

percentage points) than the non-Asian cohort. Third, intensive
SBP lowering did not show significant treatment-by-cohort inter-
actions on clinical outcomes, hematoma expansion, and car-
diorenal adverse events, although the direction of the effect of
intensive SBP-lowering treatment was positive in the Asian cohort
with respect to death. Fourth, hematoma expansion was signifi-
cantly attenuated by intensive SBP lowering only in the Asian
cohort. Fifth, cardiorenal adverse events were significantly in-
creased by intensive SBP lowering in both Asian and non-Asian
cohorts. These results were similar when the 3 races by self-
identification, Asian, White, and Black, were compared.

A reason for the neutral results of the ATACH-2 trial was that
intensive SBP lowering did not sufficiently reduce hematoma
expansion, partly because the majority of participants had
relatively mild ICH, with a Glasgow Coma Scale score of 15
and median hematoma volume of 10 mL.7 A meta-analysis of
5 randomized controlled trials, including INTERACT2 and
ATACH-2, with a total of 4,360 patients reported that in-
tensive BP lowering was associated with a nonsignificant trend
for a lower risk of death or disability at 3 months and for a
lower risk of hematoma expansion.12 A pooled analyses of
INTERACT2 and ATACH-2 indicated a continuous

Figure 3 Forest Plot for Outcomes Comparing Asian and Non-Asian Cohorts

Adjusted by sex, age (quartile), baseline NIH Stroke Scale score (quartile), hematoma volume (quartile), lobar hematoma, and onset-to-randomization time
(quartile). aThirty-nine patients with unavailable data onmodified Rankin Scale score are excluded. bSeventy-one patients with unavailable data on follow-up
CT are excluded.
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association between the level of achieved SBP in the initial 24
hours and the distribution of mRS scores at 90 days.13 There
were several differences in study protocols such as time
allowed from symptom onset to randomization and allowable
antihypertensive drug, and in therapeutic results, including
the target SBP levels and the time frame to achieve those
levels, between INTERACT2 and ATACH-2.6,7 In addition,
there was a difference in the regional distribution of partici-
pants; 68% were from China in INTERACT2 and 56% were
from 4 countries of East Asia in ATACH-2.

The predominance of intracranial arteriopathy and arteriolopathy
is a unique feature of stroke inAsia.14 As a good example, ICH is 2
to 4 times more common in Asian than inWhite individuals.15,16

Hereditary susceptibility to intracranial vasculopathy,14 high so-
dium intake,17 high sensitivity to warfarin,18 and other factors
cause a high incidence of ICH in Asian individuals. Asian par-
ticipants had smaller hematoma size at baseline and were less
likely to die and had better quality of life than White participants
according to the Virtual International Stroke Trials Archive and
Efficacy of Nitric Oxide in Stroke Trial involving 1,011 patients.19

Another meta-analysis reported lower mortality after ICH in Ja-
pan than other countries,16 presumably due in part to the ten-
dency ofmaintaining intensive therapy even for terminal patients.

The ATACH-2 trial data present a valuable opportunity to
assess baseline characteristics and outcomes of patients with
ICH from Asia compared to those outside of Asia because the
trial involved 1,000 participants with nearly equal proportions
of Asian and non-Asian cohorts. In an analysis limited to
patients receiving standard SBP-lowering treatment, poor
functional outcome at 90 days was less common (32.8% vs
43.9%), as was death (2.2% vs 13.2%), in Asian than non-
Asian participants, although the initial NIHSS score and he-
matoma volume were almost identical. Thus, patients from
Asia seem to recover relatively better from ICH than those
outside of Asia with the same patient selection criteria for
patients independently of intensive SBP lowering.

Hematoma expansion during the initial hours is an established
risk factor for poor outcome after ICH.20,21 In the ATACH-2
cohort, hematoma expansion was significantly associated with

Table 2 Cardiorenal Adverse Events Within 7 Days

From Asia, Intensive
Treatment, n

From Asia, Standard
Treatment, n

Outside of Asia, Intensive
Treatment, n

Outside of Asia, Standard
Treatment, n

Renal failure 7 0 6 3

Urinary retention 0 1 0 1

Increased creatinine level 0 0 1 0

Other renal adverse
events

0 0 4 1

Atrial fibrillation 2 0 2 2

Hypotension 0 0 4 2

Hypertension 0 0 2 2

Tachycardia 1 1 1 1

Bradycardia 0 0 1 1

Supraventricular
tachycardia

0 0 1 0

Ventricular extrasystoles 0 0 0 1

Cardiac arrest 0 1 0 2

Cardiac failure 3 1 0 0

Cardiac collapse 1 0 1 0

Myocardial infarction 0 0 1 1

Chest pain 0 0 2 0

Increased troponin level 0 0 1 1

Other cardiovascular
adverse events

2 1 5 0

Total 16 5 32 18

Events with grade 2 to 5 of the Common Terminology Criteria for Adverse Events version 4.03 are listed. Most severe events in each patient are assessed.
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poor functional outcome; 65.9% with expansion and 29.5%
without expansion had poor outcomes. The possibly positive
effect in INTERACT2 and the neutral effect in ATACH-2 on
good clinical outcomes by intensive SBP lowering are due in part
to weak protection against hematoma expansion by intensive
treatment.6,7 In contrast, hematoma expansion was attenuated
by intensive treatment in the Asian cohort of ATACH-2,
showing a decrease in expansion by 9% absolutely and by 48%
relative to patients receiving standard SBP lowering, although the
treatment-by-cohort interaction was not significant. Black par-
ticipants also showed an absolute decrease in expansion by 8%
after intensive treatment, without a statistically significant dif-
ference presumably due to the small number of patients.

Median onset-to-randomization time was 33.5 minutes
shorter in the Asian cohort than non-Asian cohort. A shorter
time delay appears to be essential for acute ICH therapy. The
rate of hematoma expansion is the highest in the initial 3
hours after symptom onset.11,20,22 The initial inclusion crite-
rion of ATACH2 was not within 4.5 hours but within 3 hours
of symptom onset10; 56.6% of Asian and 39.0% of non-Asian

participants met the older criterion. Time from randomiza-
tion (or imaging) to reach the target SBP level was inversely
associated with hematoma expansion in INTERACT2 and
our multicenter, observational, Stroke Acute Management
With Urgent Risk-Factor Assessment and Improvement
(SAMURAI)-ICH study.23,24 In addition, another exploratory
analysis of the ATACH-2 reported that intensive SBP low-
ering was associated with a decreased risk for expansion of
basal ganglionic hematoma but not of thalamic hematoma or
lobar hematoma.25 ICH at the basal ganglia has mostly a
hypertensive etiology. Severe hypertensive vasculopathy
would predispose a patient to additional rupture of small
vessels triggered by a BP surge, and intensive SBP lowering
would prevent them from rupture and attenuate hematoma
expansion. Patients from Asia had 10% more ICHs in the
basal ganglia and may have received a clearer protective effect
from hematoma expansion than non-Asian patients.

Cardiorenal adverse events were significantly associated with
poor functional outcome in the ATACH-2 trial cohort8;
62.5% with events and 36.2% without events had poor

Table 3 Demographic and Clinical Characteristics of Patients by Self-Identified Racial Categories

Asian Participants (n = 562) White Participants (n = 287) Black Participants (n = 131) p Value

Women, n (%) 189 (33.6) 130 (45.3) 56 (42.7) 0.002

Age, y 61.0 ± 13.1 65.6 ± 13.5 57.6 ± 10.3 <0.001

History of stroke/TIA, n (%) 70 (12.5) 57 (20.1) 32 (24.6) <0.001

Hypertension, n (%) 439 (80.4) 219 (78.8) 119 (92.2) 0.003

Dyslipidemia, n (%) 106 (19.8) 95 (35.6) 35 (29.7) <0.001

Diabetes mellitus, n (%) 80 (14.4) 62 (22.1) 39 (30.5) <0.001

Current smoking, n (%) 179 (31.9) 42 (14.6) 34 (26.0) <0.001

Glasgow Coma Scale score, n (%) 0.082

3–11 89 (15.8) 41 (14.3) 10 (7.6)

12–14 154 (27.4) 94 (32.8) 44 (33.6)

15 319 (56.8) 152 (53.0) 77 (58.8)

NIHSS score 10 (6–15) 12 (6.5–17) 11 (6–18) 0.1426

Baseline SBP, mm Hg 199.7 ± 24.5 199.7 ± 29.4 206.6 ± 30.6 0.0262

Hematoma volume, mL 10.1 (5.4–18.1) 10.4 (5.0–19.6) 9.6 (4.1–18.4) 0.6901

Hematoma location, n (%) <0.0001

Basal ganglia 310 (55.7) 126 (44.2) 63 (48.8)

Thalamus 208 (37.3) 112 (39.3) 45 (34.9)

Lobe 39 (7.0) 47 (16.5) 21 (16.3)

Intraventricular hemorrhage, n (%) 122 (21.9) 89 (31.2) 42 (32.6) 0.0028

Onset-to-randomization, min 170.5 (128–221) 201 (146–240) 204 (159–265) <0.0001

Abbreviations: NIHSS = NIH Stroke Scale; SBP = systolic blood pressure.
For categorical variables, numbers (percent) are presentedwith χ2 p value. For continuous variables,mean ± SD (for normally distributed variables) ormedian
(interquartile range) (for nonnormally distributed variables) values are presented with Wilcoxon rank p values.
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outcomes (p < 0.0001). The observed excess cardiorenal
adverse events in intensive SBP lowering for patients with
acute ICH were more common in both the Asian and non-
Asian cohorts. Intensive SBP lowering is known to cause acute
kidney injury in patients with acute ICH.26 Thus, any bene-
ficial effects of intensive SBP lowering on clinical outcomes by
suppressing hematoma expansion may be offset by the ad-
verse events. In addition, cardiorenal adverse events were
much more common in the non-Asian than Asian cohort.

Although the patients recruited from 4 East Asian countries
were regarded as the Asian cohort in the present study, Asia
includes >4 dozen countries and an extremely wide variety of
physical phenotypes, socioeconomic political boundaries, and
cultural practices. Thus, the present results would not be
generalizable to persons under the broad social category of
Asian. Similarly, patients recruited only in United States and
Germany were not representative of all non-Asian people.
Inclusion of 25 patients from United States or Germany of
Asian ancestry would strengthen or weaken the difference in
the results between the Asian and non-Asian cohorts. A wide
variety of factors other than differences in ancestry might
underlie regional differences in ICH presentations, outcomes,
and responses to interventions. These problems were essen-
tial limitations of the present study.

In addition, the following limitations to the present study need to
be considered. First, patients with ICH with more severe symp-
toms were excluded, including those with huge hematoma and
those with infratentorial hemorrhage. In fact, the patient sample
in the study was dominated by cases of milder ICH, with 56%
having a GlasgowComa Scale score of 15 andmedian hematoma
volume of 10 mL. Second, the numbers of patients in some
subgroups, especially the Black group, were small, which might
weaken statistical power. Third, data on premorbid mRS scores,
which might influence mRS scores at 90 days, were not collected.
Fourth, cardiorenal adverse events were reported by the non-
blinded investigators, although severe events were checked by
blinded physicians in the Independent Oversight Committee.

Patients from East Asia seemed to recover relatively better
from ICH than those outside of Asia with the same patient
selection criteria. Intensive SBP-lowering treatment showed a
protective effect against hematoma growth in the Asian co-
hort, although the treatment did not improve the clinical
outcomes at 3 months.
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