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BACKGROUND: Survivors of intracerebral hemorrhage (ICH) are at high risk for recurrent stroke, which is associated with blood
pressure control. Because most recurrent stroke events occur within 12 to 18 months of the index ICH, rapid blood pressure
control is likely to be crucial. We investigated the frequency and prognostic impact of uncontrolled short-term hypertension
after ICH.

METHODS AND RESULTS: We analyzed data from Massachusetts General Hospital (n=1305) and the University of Hong Kong
(n=523). We classified hypertension as controlled, undertreated, or treatment resistant at 3 months after ICH and determined
the following: (1) the risk factors for uncontrolled hypertension and (2) whether hypertension control at 3 months is associated
with stroke recurrence and mortality. We followed 1828 survivors of ICH for a median of 46.2 months. Only 9 of 234 (4%)
recurrent strokes occurred before 3 months after ICH. At 3 months, 713 participants (39%) had controlled hypertension, 755
(41%) had undertreated hypertension, and 360 (20%) had treatment-resistant hypertension. Black, Hispanic, and Asian race/
ethnicity and higher blood pressure at time of ICH increased the risk of uncontrolled hypertension at 3 months (all P<0.05).
Uncontrolled hypertension at 3 months was associated with recurrent stroke and mortality during long-term follow-up (all
P<0.05).

CONCLUSIONS: Among survivors of ICH, >60% had uncontrolled hypertension at 3 months, with undertreatment accounting
for the majority of cases. The 3-month blood pressure measurements were associated with higher recurrent stroke risk and
mortality. Black, Hispanic, and Asian survivors of ICH and those presenting with severe acute hypertensive response were at
highest risk for uncontrolled hypertension.
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form of stroke, accounting for almost half of all
stroke-related morbidity and mortality."? Survivors of
ICH are at high risk of recurrent ischemic and hemor-
rhagic strokes, which are generally more severe and
lethal than the initial acute cerebrovascular event.®=

Intracerebral hemorrhage (ICH) is the most severe

Control of elevated blood pressure (BP) represents
the cornerstone of secondary stroke prevention after
ICH.387 Because the majority of recurrent strokes and
mortality occurs within the first 12 to 18 months after
primary ICH,38-"" identification of survivors at risk for in-
adequate hypertension control early after hemorrhagic
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CLINICAL PERSPECTIVE

What Is New?

e The present study provides novel evidence
that uncontrolled hypertension at 3 months
after intracerebral hemorrhage predicts poor
long-term blood pressure control as well as in-
creased stroke recurrence and mortality risk.

What Are the Clinical Implications?

e Providers caring for survivors of intracerebral
hemorrhage should focus on comprehensive
evaluation and optimization of hypertension
management at 3 months because it may rep-
resent a unique opportunity to improve quality
of care and outcomes for survivors of hemor-
rhagic stroke.

Nonstandard Abbreviations and Acronyms

HK-ICH Intracerebral Hemorrhage Study at
University of Hong Kong
ICH intracerebral hemorrhage
MGH-ICH Intracerebral Hemorrhage Study at

Massachusetts General Hospital

stroke would allow for corrective measures that are
likely to improve long-term outcomes.

Despite the universal recommendation of hyper-
tension control for secondary stroke prevention after
ICH, <50% of survivors of ICH consistently achieve
adequate BP control, as defined by international
guidelines, in real-world data.®>®'?'4 Unfortunately,
existing evidence provides limited insight into risk fac-
tors and mechanisms accounting for poor BP control
after ICH. Uncontrolled hypertension is most com-
monly attributed to underlying resistant hypertension
(defined as BP that remains above the desired BP
goal despite the use of >3 antihypertensive medica-
tion classes') or inadequate prescription of antihy-
pertensive medications. Although patients with ICH,
when hospitalized, frequently have severe hyperten-
sion, studies of resistant hypertension beyond the
acute setting are limited.'® Furthermore, the extent of
inadequate prescription of antihypertensive medica-
tions has yet to be assessed in survivors of ICH.""
Therefore, we sought to investigate (1) the frequency
and risk factors for undertreated and treatment-
resistant hypertension at 3 months after ICH and
(2) the impact of poorly controlled hypertension at
3 months after ICH on long-term risk of stroke and
mortality.
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METHODS

Participating Studies and Enroliment
Eligibility Criteria

Participants were individuals aged 18 years or older
presenting with an acute, primary ICH initially identi-
fied via daily manual review of medical records and
confirmed by brain computed tomography (CT) scan
obtained within 24 hours of symptom onset. Individuals
with intracranial hemorrhage secondary to trauma,
conversion of an ischemic infarct, rupture of a vascu-
lar malformation or aneurysm, and brain tumor were
excluded. The MGH-ICH (Intracerebral Hemorrhage
Study at Massachusetts General Hospital) is a single-
center, longitudinal cohort study of ICH.®® Participants
were recruited among consecutive patients presenting
to Massachusetts General Hospital between January
2006 and December 2017. The HK-ICH (Intracerebral
Hemorrhage Study at University of Hong Kong) is a
single-center stroke registry that enrolled consecu-
tive patients with ICH from January 2011 to March
2019. The study protocols were approved by the in-
stitutional review boards at all participating institutions,
and written informed consent was obtained from all
participants.

Baseline Data Collection

Trained study staff collected demographic, social, and
medical histories in both studies via in-person inter-
views of patients (and/or reliable informants) and a
review of electronic medical records at the time of en-
rollment. Participants and/or informants provided self-
identified race and ethnicity, choosing from categories
recommended by the National Institutes of Health for
use in research studies.® All available CT scans were
deidentified, digitalized, and uploaded to the neuro-
imaging repository at both sites. Admission (ie, first
available) CT scans were analyzed to determine ICH
location, hematoma volume, and presence of intraven-
tricular blood according to previously validated meth-
odology.® All neuroimaging was analyzed blinded to
clinical information.

Longitudinal Follow-Up

For the MGH-ICH, survivors of ICH and their car-
egivers were interviewed by dedicated study staff
(blinded to baseline and neuroimaging informa-
tion) at 3, 6, and 12 months after the index ICH
and every 6 months thereafter based on estab-
lished protocols.® Participants from the HK-ICH
were followed up by clinicians every 3 to 6 months
or more frequently if clinically indicated.” We sup-
plemented patient-based collection of follow-up
data with semiautomated review of longitudinal
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electronic medical records to confirm and aug-
ment participant-reported information. We spe-
cifically collected information on antihypertensive
medication use during follow-up. Patients with
discrepancies between self-reported versus elec-
tronic medical record-derived data on medication
use (medication name, route, dosing, or duration
of use) were excluded from all analyses. If patients
or caregivers reported new neurologic symptoms,
recurrent stroke, hospital admission, or death, per-
tinent medical records and radiology reports were
reviewed by study staff.® Adjudication of recurrent
ischemic and hemorrhagic stroke events required
direct review of neuroimaging scans.

Capture of BP and Antihypertensive
Medication Data

MGH-ICH and HK-ICH research staff collected infor-
mation on BP measurements obtained in a medical
setting (outpatient clinic or inpatient ward) by medical
personnel (self-reported or home measurements were
not taken into consideration) according to previously
published methods.®47 Of note, at-home BP measure-
ments (whether from a visiting medical professional or
self-monitoring) were not considered for the purpose of
our analyses. We focused on BP measures 3 months
after ICH on the assumption that (1) most recurrent
stroke events occur after 3 months from the initial
ICH38 and (2) 3 months provides clinicians adequate
time for titration of antihypertensive agents to a target
BP goal. All patients with missing BP measurements or
medication use data at any time point during follow-up
were excluded.

Variable Definitions

Age at index ICH was analyzed as a continuous vari-
able. Race/ethnicity was analyzed as a set of dichoto-
mous variables. Measurements of systolic and diastolic
BP were calibrated on 10 mm Hg increases. Outcomes
of interest include controlled versus undertreated ver-
sus treatment-resistant hypertension as well as re-
current stroke (both ischemic and hemorrhagic) and
mortality after ICH. Although the (currently in effect)
2015 American Heart Association/American Stroke
Association ICH guideline recommends a follow-up BP
target of <130/80 mm Hg, we defined our BP control
goal at <140/90 mm Hg (the previously recommended
guideline target) as most of the patients included in the
present study received care before 2015.5 Uncontrolled
hypertension was therefore defined as systolic BP
>140 mm Hg or diastolic BP >90 mm Hg. We defined
resistant hypertension as systolic BP >140 mm Hg or
diastolic BP =90 mm Hg despite use of >3 agents."®
In contrast, undertreated hypertension was defined as
systolic BP >140 mm Hg or diastolic BP >90 mm Hg
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while on <2 agents. We also calculated average sys-
tolic and diastolic BP values during long-term follow-up
using all available values except (1) from the index ICH
hospitalization, (2) from the 3-month time point after
ICH, or (3) from hospitalization for recurrent stroke. The
number of antinypertensive agents prescribed was an-
alyzed as an ordinal variable with levels corresponding
to concomitant use of O, 1, 2, or > agents. Recurrent
stroke was defined as the first episode of new-onset
neurological symptoms representing recurrent ICH or
incident ischemic stroke as confirmed by CT and/or
magnetic resonance imaging.

Statistical Analysis
Overall Analysis Plan

We first sought to confirm whether the majority of re-
current stroke events after ICH occur in the first 12—
18 months after ICH. We subsequently investigated
the following: (1) the frequency of controlled and un-
controlled hypertension at 3 months after ICH; (2)
the proportional representation of undertreated and
treatment-resistant hypertension; (3) the association
of BP measurements at 3 months with long-term hy-
pertension control, recurrent stroke risk, and mortality;
and (4) risk factors for uncontrolled (versus controlled)
and treatment resistant (versus undertreated) hyper-
tension at 3 months. Because of the limited availabil-
ity of BP measurements before 3 months after index
ICH, we initiated the follow-up for long-term outcomes
(hypertension control, recurrent stroke, mortality) at
3 months after ICH.® All analyses were first conducted
separately in the MGH-ICH and HK-ICH and then in a
combined data set with adjustment for data source (see
Univariable and Multivariable Analyses). We conducted
tests of heterogeneity for all associations tested, but
found no evidence of differential effects based on data
source (all heterogeneity P>0.20).

Univariable and Multivariable Analyses

Continuous variables were expressed as either mean
with standard deviation or median with interquartile
range (IQR). Categorical data were expressed as
number and percentage of subtotal. Categorical var-
iables were compared using chi-square or the Fisher
exact test (2-tailed) and continuous variables using
the Mann-Whitney rank sum or Student t test, as
appropriate. We used multivariable logistic regres-
sion models to identify risk factors for uncontrolled
(versus controlled) and treatment-resistant (versus
undertreated) hypertension at 3 months. We de-
termined factors associated with stroke recurrence
and mortality in univariable analyses using Kaplan—
Meier plots, with significance testing via the log-rank
test. All analyses of stroke recurrence and mortality
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risk used 3 months after ICH as the initial time for
statistical modeling purposes. Patient data were
censored only in case of death or loss to follow-up.
We performed multivariable analyses of survival out-
comes using competing risk regression models via
the Fine and Gray method to account for competing
risks between stroke recurrence and death.'® For all
multivariable models, we initially included all factors
associated with outcomes of interest in univariable
analyses at a significance level of P<0.20. We sub-
sequently used backward elimination procedures to
arrive at a minimal model including only variables
associated with ICH at P<0.05. We prespecified
adjustment for study (dichotomous variable indicat-
ing MGH-ICH versus HK-ICH data source) and year
of index ICH (in 2-year increments). The propor-
tional hazard assumption was tested for all survival
analyses using graphical checks and Schoenfeld
residuals-based tests.

Multiple Testing Adjustments

We corrected for multiple testing using the Benjamini-
Hochberg false discovery rate method for adjust-
ment.’® We report P values after false discovery rate
adjustments applied to all predictors included in the
univariable and multivariable models (because of multi-
ple models being created as part of planned analyses).
All significance tests were 2 tailed, and significance
was set at P<0.05 (after adjustment). All analyses per-
formed using R software version 3.6.2 (R Foundation
for Statistical Computing).

Data Availability

The authors certify they have documented all data,
methods, and materials used to conduct the research
presented. Anonymized data pertaining to the research
presented will be made available upon reasonable re-
quest from external investigators.

RESULTS

Study Participants

A total of 3254 consecutive patients with ICH were
identified at initial screening (MGH-ICH, n=2354;
HK-ICH, n=891). After application of inclusion and
exclusion criteria (Figure 1), 1828 survivors of ICH
(MGH-ICH, n=1305; HK-ICH, n=523) were included
in all subsequent analyses. Racial and ethnic back-
grounds differed substantially between the MGH-ICH
and HK-ICH (Table 1). Survivors of ICH enrolled in the
MGH-ICH were also more likely to be female and older
and to have a prior medical history of hypertension,
coronary artery disease, and atrial fibrillation and to use
statins before index ICH (all P<0.05). Study participants
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enrolled in the HK-ICH presented with higher systolic
and diastolic BP at time of hospital admission (both
P<0.05). Antihypertensive agent prescription patterns
also differed between studies (Table 1).

Recurrent Stroke Risk After ICH

We followed participants enrolled in the MGH-ICH
for a total of 5973 person-years, with a median of
50.6 months (IQR, 41.6-62.3 months); the yearly
loss to follow-up rate was 1.1%. During follow-up
we identified 129 recurrent ICH events for an annual
rate of 4.2% (95% Cl, 3.4%-5.4%) and 43 ischemic
stroke events for an annual rate of 1.4% (95% ClI,
0.7%—-2.1%). The HK-ICH participants were followed
for a total of 1710 person-years, with a median of
34.6 months (IQR, 23.5-49.8 months); the yearly
loss to follow-up rate was 1.4%. In the HK-ICH, we
observed 37 recurrent ICH events during follow-up
(annual rate, 2.9%; 95% CI, 2.0%-3.6%) and 25 is-
chemic strokes (annual rate, 1.6%; 95% ClI, 1.1%-
2.7%). The large majority of recurrent strokes (96%)
occurred later than 3 months from index ICH in both
studies (Figure 2).

Hypertension Control at 3 Months After
ICH

A total of 1115 survivors of ICH (61%) did not achieve
target BP control goal at 3 months. Undertreated hy-
pertension accounted for 755 individuals (68% of un-
controlled hypertension), whereas 360 participants
(32% of uncontrolled hypertension) received a diag-
nosis of treatment-resistant hypertension (Table 2
and Figure 3). We found strong correlations between
BP measurements at 3 months and average values
during the long-term follow-up (Figure 4). Systolic
BP at 3 months after ICH (mean+SD, 141+8) did not
significantly differ (P=0.45) from the average during
long-term follow-up (Mmean+SD, 140+7). Diastolic BP
at 3 months after ICH (mean+SD, 85+6) also did not
significantly differ (P=0.16) from the average value dur-
ing long-term follow-up (mean+SD, 84+6). Among 755
participants diagnosed with undertreated hyperten-
sion at 3 months, the majority (n=695, 92%) received
the same diagnosis at least once more during follow-
up. Among 360 participants with treatment-resistant
hypertension at 3 months, the vast majority (n=339,
94%) qualified for the same diagnosis at least once
more during follow-up. Overall, hypertension control
status at 3 months (ie, uncontrolled versus under-
treated versus treatment resistant) predicted the cor-
responding long-term control status with a sensitivity
of 0.98 (95% Cl, 0.97-0.99), specificity of 0.85 (95% Cl,
0.82-0.87), positive predictive value of 0.89 (95% ClI,
0.86-0.90), and negative predictive value of 0.98 (95%
Cl, 0.96-0.99). In univariable analyses, undertreated
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Figure 1. Flow diagram of study inclusion and exclusion criteria.

BP indicates blood pressure; CT, computed tomography; EMR, electronic medical record; HK-ICH,
Intracerebral Hemorrhage Study at University of Hong Kong; HTN, hypertension; ICH, intracerebral
hemorrhage; and MGH-ICH, Intracerebral Hemorrhage Study at Massachusetts General Hospital.

and treatment-resistant hypertension at 3 months after
ICH were associated with recurrent stroke and mor-
tality risk (all P<0.05; Figure 5 and Table S1). In mul-
tivariable analyses, both undertreated and treatment
resistant hypertension at 3 months were consistently
associated with recurrent ICH, ischemic stroke, and
mortality (Table 3).

Risk Factors for Uncontrolled and
Treatment-Resistant Hypertension
In univariable analyses, history of hypertension be-
fore ICH, BP measurements at time of admission for
acute ICH, and number of antihypertensive agents
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prescribed at discharge were all associated with risk
of uncontrolled hypertension 3 months after ICH (all
P<0.05 in both studies). These associations proved
independent in multivariable models (Table 4). In joint
analyses of the MGH-ICH and HK-ICH data sets, we
identified self-reported Black, Hispanic, or Asian race/
ethnicity as associated with uncontrolled hypertension
at 3 months after ICH (after adjustment for enrollment
site). Associations with 3-month treatment-resistant
hypertension in univariable analyses included younger
age, history of hypertension before ICH, and BP meas-
urements at time of admission for acute ICH (all P<0.05
in both studies), all of which were confirmed in multivar-
iable models (Table 4). Self-reported Black and Asian
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Table 1. Continued
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Variable MGH-ICH HK-ICH P Value Variable MGH-ICH HK-ICH P Value
Participants 1305 (100) 523 (100) B-Blockers 756 (58) 188 (36)
Demographics a-Blockers 124 (10) 86 (16)
Age, y* 69.5+12.1 67.3+14.4 0.011
Data are presented as number (percentage) or mean+SD. P values
Sex, male® 696 (53) 326 (62) <0.001 represent the results of univariable comparisons between the MGH-ICH
Race/ethnicity* <0.001 and HK-ICH studies. ACE indicates angiotensin-converting enzyme; ARB,
Black 49 (4) 0 (0) Kong; ICH, intracerebral hemorrhage; MGH-ICH, Intracerebral Hemorrhage
©6 | o0 e et o
Asian 48 (4) 517 (99) studies after multiple testing adjustments via the Benjamini-Hochberg method.
More than one 11(1) 3(1)
race race/ethnicity were also independently associated with
LAIEIgEl InSey treatment-resistant hypertension in joint analyses of
Hypertension” 1021 (78) 305 (58) <0.001 both studies (after adjustment for enrollment site).
Diabetes mellitus 249 (19) 99 (19) 0.99
Coronary artery 255 (20) 35 (7) <0.001
disease” DISCUSSION
Atrial florilation” 213019 80 =0.001 In joint analyses of 2 single-center studies of ICH, we
Prior ICH 64 ) §16 0-99 confirmed previous findings®8-"" that recurrent stroke
Prior ischemic stroke | 121 (9) 66 (13) 0.054 rates substantially rise beyond 3 months after the ini-
itedlieziiion use tial hemorrhagic stroke event. Because BP control is a
Before index ICH potent predictor of recurrent stroke after ICH, we ex-
Antiplatelet agents 250 (19) 107 (20) 0.54 amined rates of controlled hypertension at 3 months
Oral 123 (9) 42 (8) 0.36 and observed that only a minority of patients (39%)
anticoagulation were controlled. Furthermore, BP measurements at
Statins” 455 (35) 122 (23) <0.001 3 months were highly correlated with subsequent BP
After index ICH measurements during long-term follow-up. Thus, un-
Antiplatelet agents 153 (12) 72 (14) 0.25 controlled hypertension at 3 months was associated
Oral 25 (1) 13 (3) 0.46 with increased risk of recurrent stroke and mortality
anticoagulation during long-term follow-up.
Statins 382 (29) 170 (33) 0.19 Our findings support the hypothesis that lowering BP
BP at time of index ICH and ensuring adequate hypertension control before this
Admission SBP, 179428 18329 0.008 critical time point may result in a substantial decrease in
mmHg* recurrent stroke events. However, we found that most
Admission DBP, 9521 99+19 0.034 survivors of ICH fail to achieve adequate BP control
mmHg* in the short term. Participants of Black, Hispanic, and
Hypertension management Asian self-reported race/ethnicity were at higher risk
No. of , 01 for uncontrolled hypertension at 3 months from ICH.
:gz:fse“ens'o” In turn, short-term uncontrolied hypertension was as-
5 e 260) sociated with higher average BP dynng subsequent
; 206 23) P long-term follow-up and increased rlgk for Qegth and
recurrent stroke. Of note, nearly two thirds of individuals
2 447 84 185 (35) with inadequate early BP control were not prescribed
=8 448 (34) 185 (30) adequate antihypertensive treatment and frequently
Antihypertension 0.021 remained undertreated for the remainder of follow-up.
agent classes Overall, our results indicate that reevaluation of hyper-
JoE innibtterer 81162 | 26501 tension control shortly after ICH represents a clear op-
Calcium chanmel 503 (69 13 (79) portunity to identify critical shortcomlngs in care, wh!ch
blockers could be leveraged to ensure appropriate hypertension
Diuretics 295 (23) 316 treatment that might have an enduring impact on long-
term outcomes for these patients.
Black, Hispanic, and Asian self-reported race/eth-
(Continued) nicity conferred higher risk for both undertreated and
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Figure 2. Recurrent stroke risk after ICH.

Incidence of recurrent ICH and ischemic stroke after index ICH in cases per 100-person years in both studies combined (A) and
separately in the Intracerebral Hemorrhage Study at Massachusetts General Hospital (B) and the Intracerebral Hemorrhage Study
at University of Hong Kong (C). Incidence rates were calculated as number of recurrent events (recurrent ICH or ischemic stroke)
occurring between follow-up time points (ie, 6-month time periods, except 3 months between index ICH and first follow-up) over the
sum of the follow-up period for all individuals remaining in the study during that time period, and finally normalized to 100 person-
years. Number of ICH and ischemic stroke events are presented below each graph. ICH indicates intracerebral hemorrhage; and Isch.,

ischemic.

resistant hypertension. These findings expand on a pre-
vious joint analysis from the MGH-ICH and the ERICH
(Ethnic/Racial Variations of Intracerebral Hemorrhage)
study that found Black and Hispanic survivors of ICH

have higher average BP after ICH.® The ERICH study
investigators separately reported that untreated hyper-
tension conferred greater risk for first-ever ICH among
Black and Hispanic individuals.?® Because we used
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Table 2. Study Participants and Hypertension Treatment Status at 3 Months After ICH

Hypertension Treatment Status

MGH-ICH HK-ICH
Variable Controlled Undertreated Resistant Controlled Undertreated Resistant
Participants 574 489 242 139 266 18
Demographics
Age, y 68.8+12.7 71.0£12.3* 67.8+£12.6 65.8+15.0 68.9+13.6" 61.56+14.21
Sex, male 310 (54) 245 (50) 141 (58) 93 (67) 145 (55) 88 (75)
Race/ethnicity
White 493 (86) 440 (90)* 192 (79)" 0(0) 2(1) 1(1)
Black 25 (4) 9(2 15 (6) 0(0) 0(0) 0(0)
Hispanic 31 (5) 10 (2) 18 (7) 0(0) 0(0) 0(0)
Asian 20 (3) 13 (3) 15 (6) 138 (99) 263 (99) 116 (98)
More than one race 5(1) 4(1) 2(1) 1(1) 1(1) 101
Medical history
Hypertension 436 (76) 350 (72)* 235 (97)f 84 (60) 145 (55)* 76 (64)
Diabetes mellitus 103 (18) 76 (16) 70 (29) 30 (22) 46 (17) 23 (20)
Coronary artery disease 109 (19) 83 (17) 63 (26) 11 (8) 8(3) 16 (14)
Atrial fibrillation 103 (18) 51 (10) 59 (24) 14 (10) 26 (10) 8(7)
Prior ICH 35 (6) 17 (3) 12 (5) 8 (6) 17 (6) 6 (5)
Prior ischemic stroke 63 (11) 29 (6) 29 (12) 23 (17) 35 (13) 8(7)
Medication use
Before index ICH
Antiplatelet agents 98 (17) 104 (21) 48 (20) 21 (1) 62 (23) 24 (20)
Oral anticoagulation 63 (11) 39 (8) 21 (9) 13 (9) 21(8) 8(7)
Statins 183 (32) 187 (38) 85 (35) 27 (19) 69 (26) 26 (22)
After index ICH
Antiplatelet agents 58 (10) 68 (14) 27 (11) 15 (1) 42 (16) 15 (13)
Oral anticoagulation 15 (3) 6(1) 42 43) 7 (3) 22
Statins 159 (28) 152 (31) 71 (29) 30 (22) 96 (36) 44 (37)
BP at time of index ICH
Admission SBP, mmHg 174+33 181+£22* 190+16" 175+29 189+32* 197311
Admission DBP, mmHg 93+23 95+22 98197 97+18 108+24* 110+26"
Hypertension management
No. of antihypertension agents
0 35 (6) 79 (16)* 0(0.0) 5 (4) 21 (8)* 0(0)
1 115 (20) 181 (37) 0(0.0) 42 (30) 115 (43) 0(0)
3 218 (38) 229 (47) 0(0.0) 55 (40) 130 (49)* 0(0)
>3 206 (36) 0 (0y* 242 (100)° 37 (27) 0 (0)* 118 (100)*
Antihypertension agent classe
ACE inhibitor or ARB 373 (65) 249 (51) 189 (78) 72 (52) 98 (37) 95 (81)
Calcium channel blockers 218 (38) 92 (19) 193 (80) 108 (78) 192 (72) 113 (96)
Diuretics 126 (22) 46 (9) 123 (51) 9(7) 7 () 15 (13)
B-Blockers 321 (56) 240 (49) 195 (81) 48 (35) 51 (19) 89 (75)
a-Blockers 53 (9) 29 (6) 42 (17) 21 (15) 21 (8) 44 (37)

Data are presented as number, number (percentage), or mean+SD. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BP,
blood pressure; DBP, diastolic blood pressure; HK-ICH, Intracerebral Hemorrhage Study at University of Hong Kong; ICH, intracerebral hemorrhage; MGH-ICH,
Intracerebral Hemorrhage Study at Massachusetts General Hospital; and SBP, systolic blood pressure.

*Statistically significant difference between controlled hypertension (reference) and undertreated hypertension after multiple testing adjustments via the

Benjamini-Hochberg method.

TStatistically significant difference between controlled hypertension (reference) and resistant hypertension after multiple testing adjustments via the

Benjamini-Hochberg method.
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All ICH
Survivors
MGH-ICH: 1305 L
HK-ICH: 523 )
SBP < 140 SBP 2 140
and | or |
DBP <90 DBP 2 90
Controlled Uncontrolled
Hypertension Hypertension
MGH-ICH: 574 MGH-ICH: 731
HK-ICH: 139 HK-ICH: 384
<3 f 23
Anti-HTN | Anti-HTN
Agents Agents
Undertreated Resistant
Hypertension Hypertension
MGH-ICH: 489 MGH-ICH: 242
HK-ICH: 266 HK-ICH: 118

Figure 3. Hypertension control 3 months after ICH.

Anti-HTN indicates antihypertensive; DBP, diastolic blood pressure; HK-ICH, Intracerebral Hemorrhage
Study at University of Hong Kong; ICH, intracerebral hemorrhage; MGH-ICH, Intracerebral Hemorrhage
Study at Massachusetts General Hospital; and SBP, systolic blood pressure.

self-reported race/ethnicity, our findings likely reflect a
complex combination of cultural and socioeconomic
factors leading to disparities in post-ICH care. Taken
in the context of existing evidence pointing to racial/

ethnic disparities in ICH care,®2"22 our present results
place control of hypertension among minority survivors
of ICH as a priority for future public health policies and
research efforts.
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Figure 4. Correlation between BP measured 3 months after ICH and average BP during long-term follow-up.
Correlation scatter plots for systolic BP (A) and diastolic BP (B) at 3 months after ICH compared with the average values during overall
study follow-up. BP indicates blood pressure; Corr. Coeff., correlation coefficient; and ICH, intracerebral hemorrhage.
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Figure 5. Hypertension control at 3 months and risk of recurrent stroke after ICH.

Cumulative incidence function curves for stroke recurrence risk (all cause; A), recurrent ICH (B), ischemic stroke (C), and mortality
(D) based on hypertension control status (controlled, undertreated, or treatment resistant) at 3 months from index ICH. All survival
analyses have 3 months after ICH as time zero. Sample size at each time point for the participating studies and the combined study
sample during follow-up is listed above the horizontal axis. HK-ICH indicates Intracerebral Hemorrhage Study at University of Hong
Kong; ICH, intracerebral hemorrhage; MGH-ICH, Intracerebral Hemorrhage Study at Massachusetts General Hospital; and n, sample

size.

We also found that systolic and diastolic BP at time
of acute ICH were associated with undertreated and
treatment-resistant hypertension at 3 months. These
findings suggest a link between severity of the acute,
ICH-related hypertensive response and more chronic
hypertension. In some patients, a more severe acute
hypertensive response may reflect chronically un-
treated or undertreated hypertension®® as well as a
genetic predisposition to elevated BP.?* Our findings
suggest that patients with ICH initially presenting with
severe BP elevation should be monitored closely for
uncontrolled hypertension long term.

Our approach has several limitations. First and
foremost, hypertension treatment in both studies was
determined by treating providers in an unblinded fash-
ion. Second, both enroliment sites are tertiary care
centers with expertise in ICH care, both acute and
long term. This is likely to have introduced severity

bias in our analyses (severe ICH cases with harder-
to-control BP may be more likely to receive care at
expert centers). Third, we relied on office-based BP
measurements as exposure of interest, potentially
overestimating the prevalence of uncontrolled hy-
pertension attributed to white coat hypertension.?®
However, the consistent associations between BP
measurements at 3 months and recurrent stroke sup-
port the hypothesis that our methodology focused
(at least partially) on a “true” biological link between
short-term hypertension control and post-ICH out-
comes.?® Fourth, we use a currently outdated defi-
nition of hypertension'®; however, said BP control
goal (ie, systolic BP <140 mm Hg and diastolic BP
<90 mm Hg) was recommended by guidelines for the
majority of the studies’ enrollment periods.’®?’ Fifth,
most patients of Asian race/ethnicity were enrolled at
1 site (HK-ICH). However, Asian participants enrolled
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in the MGH-ICH showed nonsignificant associations
with hypertension outcomes of highly similar magni-
tude to those enrolled in the HK-ICH. We also could
not control for some competing covariates influenc-
ing risk of recurrent stroke (eg, social determinants of
health, smoking, physical activity, diet) that were not
part of the originally collected data. Finally, we did not
have reliable measurements of treatment adherence,
thus affecting our estimates of resistant hypertension.

Our study also displays several strengths. By joint
analysis of data from 2 large longitudinal studies with
highly compatible recruitment and follow-up method-
ologies, we managed to include a large number of
survivors of primary ICH, a highly lethal cerebrovas-
cular condition.? Both studies employed dedicated
and consistent methodologies for BP capture during
follow-up, which allowed for jointly planned analyses
yielding highly concordant findings. Considering the
disparity between participating studies in terms of
geographical location, health care delivery system,
racial and ethnic demographics, and sociocultural
factors, the remarkable consistency of our primary
findings suggest good generalizability to survivors of
ICH at large. Finally, we were able to correlate BP
measurements from participants to highly relevant
clinical end points during follow-up, emphasizing the
immediate, real-world relevance of our findings to
ICH clinical care.

In summary, we demonstrated that most survivors of
ICH have uncontrolled hypertension at 3 months, with
undertreatment accounting for the majority of cases.
Undertreated and treatment-resistant hypertension
were more prevalent among non-White survivors of
ICH and those with a more severe acute hypertensive
response. Comprehensive evaluation and optimization
of hypertension management at 3 months after ICH
may represent a unique opportunity to improve quality
of care for survivors of hemorrhagic stroke.
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SUPPLEMENTAL MATERIAL



Table S1. Univariable Analyses of Hypertension Control at 3 months after Intracerebral Hemorrhage

and Risk of Recurrent Stroke and Death.

MGH-ICH HK-ICH Combined
Outcome Variable
p p p

Controlled Hypertension Ref. Ref. Ref.

Recurrent Stroke (ICH or Ischemic Stroke) Undertreated Hypertension 0.018 0.021 0.007
Treatment-Resistant Hypertension 0.019 0.042 0.011

Controlled Hypertension Ref. Ref. Ref.

Recurrent ICH Undertreated Hypertension 0.008 0.011 0.002
Treatment-Resistant Hypertension 0.004 0.025 <0.001

Controlled Hypertension Ref. Ref. Ref.

Ischemic Stroke Undertreated Hypertension 0.039 0.035 0.002
Treatment-Resistant Hypertension 0.028 0.065 0.021

Controlled Hypertension Ref. Ref. Ref.
Mortality Undertreated Hypertension 0.021 0.003 <0.001
Treatment-Resistant Hypertension <0.001 <0.001 <0.001

Univariable (Log-rank test) analyses of the associations between hypertension control status at 3 months after ICH and outcomes of
interest. HK-ICH = Intracerebral Hemorrhage Study conducted at University of Hong Kong, ICH = Intracerebral Hemorrhage, MGH-

ICH= Intracerebral Hemorrhage Study conducted at Massachusetts General Hospital.



