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Abstract
Objectives
We investigated the predictors of functional outcome in young patients enrolled in a multi-
ethnic study of intracerebral hemorrhage (ICH).

Methods
The Ethnic/Racial Variations in Intracerebral Hemorrhage (ERICH) study is a prospective
multicenter study of ICH among adult (age ≥18 years) non-Hispanic white, non-Hispanic
black, andHispanic participants. The study recruited 1,000 participants per racial/ethnic group.
The present study utilized the subset of ERICH participants aged <50 years with supratentorial
ICH. Functional outcome was ascertained using the modified Rankin Scale (mRS) at 3 months.
Logistic regression was used to identify factors associated with poor outcome (mRS 4–6), and
analyses were compared by race/ethnicity to identify differences across these groups.

Results
Of the 3,000 patients with ICH enrolled in ERICH, 418 were studied (mean age 43 years, 69%
male), of whom 48 (12%) were white, 173 (41%) were black, and 197 (47%) were Hispanic.
For supratentorial ICH, black participants (odds ratio [OR], 0.42; p = 0.046) and Hispanic
participants (OR, 0.34; p = 0.01) had better outcomes than white participants after adjustment
for other factors associated with poor outcome: age, baseline disability, admission blood
pressure, admission Glasgow Coma Scale score, ICH volume, deep ICH location, and in-
traventricular extension.

Conclusions
In young patients with supratentorial ICH, black and Hispanic race/ethnicity is associated with
better functional outcomes, compared with white race. Additional studies are needed to identify
the biological and social mediators of this association.
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There is limited information about spontaneous non-
traumatic intracerebral hemorrhage (ICH) in young patients.
Because of the increase in ICH incidence with age, risk factors
and outcomes for older patients with this condition have been
extensively characterized. Studies that describe risk factors
and outcomes in patients under age 50 with ICH have been
limited to small, single-center, retrospective studies.1–4

There is a disparity in risk factor burden for ICH among
racial/ethnic groups.5 Hypertension, which has been esti-
mated to account for 45%–60% of nonlobar ICH cases,6 is
disproportionately prevalent and poorly controlled among
the black community and is extensively untreated among the
Hispanic community.7,8 However, the actual case–fatality rate
in minority populations has been shown to be significantly
lower than in the white population.9 Black and Hispanic
patients tend to present with ICH at younger ages,9–11 which
may explain the lower case–fatality rates.12

Given the lack of data regarding ICH in the young and the
differences observed in post-ICH functional outcomes across
race/ethnicity among older adults, we hypothesized that post-
ICH functional outcomes differ by race/ethnicity in the
young. The Ethnic/Racial Variations of Intracerebral Hem-
orrhage (ERICH) study is a prospective multicenter study of
ICH among adult (age ≥18 years) non-Hispanic white, non-
Hispanic black, and Hispanic patients. In the present study,
we utilized the subset of ERICH cases under the age of 50
years with supratentorial ICH to identify predictors of poor
outcome in this understudied population.

Methods
Study design
The ERICH study is a prospective, multicenter, longitudinal
study of primary nontraumatic ICH in adults older than 18 years.

Standard protocol approvals, registrations,
and patient consents
The protocol was approved by the institutional review boards
of all participating institutions, and written informed consent
was obtained from each patient or each patient’s guardian.

Case ascertainment
Between 2011 and 2015, the ERICH study prospectively en-
rolled 1,000 cases each among self-reported non-Hispanic black,
non-Hispanic white, and Hispanic patients with nontraumatic
primary ICHs across 42 recruitment sites. Sites were selected

based on the demographic distribution of the minority African
American and Hispanic American populations in the United
States with a target to have equal power across race/ethnicities
for analyses. Cases were enrolled via hot pursuit in order to
minimize survival bias. Once each demographic was completed,
recruitment was halted for that group. Cases remained in follow-
up for 1 year, and data collection was completed by February
2016.13 ICH was defined by the onset of acute neurologic
symptoms within a 24-hour period with intraparenchymal
blood identified on admission neuroimaging. Consistent with
prior studies, cases of “ICH in the young” were defined as age
<50 years.1,14 Given the different underlying pathophysiologies
and outcomes of infratentorial and primary intraventricular
hemorrhage (IVH), patients with infratentorial ICH (n = 77)
and primary IVH (n = 7) were excluded from analysis. Patients
with missing data points for 3-month functional outcome or
admission ICH volume (n = 94) were also excluded from the
analysis. A total of 418 cases were ultimately included in analysis.
In a secondary analysis, we used the carry-forward method to
include cases with missing modified Rankin Scale (mRS) scores
at 3 months in the multivariable logistic regression modeling.
Missing mRS scores at 3 months were replaced with the mRS
score at 30 days poststroke or at final discharge.

Outcome ascertainment
We utilized the mRS to evaluate the functional outcome of
young patients with ICH included in the study. The primary
outcome was the mRS score 3 months after the ICH, assessed
by phone interview and ascertained using a standardized mRS
questionnaire. Consistent with previous studies in ICH, poor
outcome was defined as mRS ≥4.15–17

Neuroimaging
All participants had neuroimaging confirmation of the ICH.
In order to limit individual biases, a centralized neuroimaging
core reviewed all imaging to confirm the diagnosis of spon-
taneous nontraumatic ICH, determine location (lobar, deep,
or infratentorial), and quantify ICH and IVH volumes by
planimetric analysis using Alice software (Paraxel Corpora-
tion, Waltham, MA). IVH extension was recorded if present
on the baseline CT scan. ICH expansion was measured only
for patients who had at least 2 CT scans and was defined as
a 33% increase in ICH volume between the first 2 serial
scans.18 Further details on neuroimaging diagnostics are in-
cluded in the ERICH study protocol.13

Variable definition
The ERICH study collected data pertaining to details of the
acute hospitalization for ICH on an extensive chart abstraction

Glossary
CAA = cerebral amyloid angiopathy;CI = confidence interval; ERICH = Ethnic/Racial Variations of Intracerebral Hemorrhage;
EVD = external ventricular drain; GCS = Glasgow Coma Scale; ICH = intracerebral hemorrhage; INR = international
normalized ratio; IQR = interquartile range; IVH = intraventricular hemorrhage; mRS = modified Rankin Scale; OAC = oral
anticoagulants; OR = odds ratio.

e1272 Neurology | Volume 94, Number 12 | March 24, 2020 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


form. Among the items collected were length of stay, prestroke
mRS, first recorded systolic and diastolic blood pressures in the
emergency department, initial Glasgow Coma Scale (GCS)
score, initial laboratory values (e.g., serum blood sugar, white
blood count, international normalized ratio [INR]), ICH score,
cocaine abuse, external ventricular drain (EVD) placement,
craniotomy, do-not-resuscitate order, and withdrawal of care
(comfort care order or discharge to hospice).13 All participants
were also administered a standardized baseline interview. Both
the chart abstraction and baseline interview collected data on
medical history and medication use prior to the ICH; medical
history items (e.g., hypertension, diabetes, hypercholesterol-
emia, coronary artery disease, atrial fibrillation) andmedication
use (e.g., anticoagulants, antiplatelets, statins) were considered
positive if reported on either the chart abstraction or the
baseline interview. Hypertension was considered untreated if
no antihypertensive medication appeared on the patient’s
medication list. Current smoker status was recorded on the
baseline interview. For the analysis, premorbid disability was
defined as a prestroke mRS score ≥2, and initial INR was
dichotomized by ≤1.7 or >1.7.

Statistical analysis
Data are presented as counts (percentages) for discrete vari-
ables and mean (SD) or median (interquartile range [IQR])
for continuous variables, as appropriate.

Exposures
Due to reported differences in risk factors, severity, and
functional recovery by ICH location,19 association analyses
were compared between lobar and nonlobar ICH. We also
compared analyses based on the race/ethnicity of the patients.

Distribution of covariates across race/ethnicity
In order to identify differences in covariate distribution across
non-Hispanic black, non-Hispanic white, and Hispanic young
patients with ICH, the Pearson χ2 test was used to compare
the frequency distribution of categorical variables. For any
analyses that had fewer than 5 counts, the Fisher exact test was
reported. The Kruskal-Wallis test was used to compare
medians for ordinal variables or for continuous variables that
were not normally distributed, or that were heteroscedastic.

Logistic regression analysis
We used univariable and multivariable logistic regression to
model the unadjusted and adjusted odds, respectively, of poor
outcome (mRS 4–6) at 3 months across levels of the cova-
riates of interest. Multivariable model building proceeded as
follows: first, covariates with p < 0.1 in univariable analyses
were included in the model; second, universal confounders
(age and sex) were forced into the model; third, covariates
with p < 0.1 were backward eliminated; fourth, collinear
covariates, as expressed by a variance inflation factor >5, were
identified and 1 covariate was removed from the model. After
transforming ICH volume to its natural log, all variables in the
model fulfilled the assumption for linearity of logits. In a sec-
ondary analysis, we conducted an interaction analysis between

race/ethnicity and ICH volume by introducing interaction
terms into the multivariable logistic regression model.

Distribution of covariates between missing and
nonmissing cases
In a secondary analysis, the frequency distribution of discrete
covariates between missing and nonmissing cases was com-
pared using the Pearson χ2 or Fisher exact test, when ap-
propriate. For non-normally distributed continuous variables
and ordinal variables, the Mann-Whitney U test was used.

For all statistical analyses, a 2-sided p value of 0.05 was set as
the significance threshold and 95% confidence intervals (CIs)
were reported for all odds ratios (ORs). SPSS Statistics
software (IBM Corp., Armonk, NY) was used for all analyses.

Data availability
The authors certify that the data, methods, and materials used
to conduct the present research have been thoroughly docu-
mented. Anonymized data will be shared by request from any
qualified investigator through the ERICH study principal in-
vestigator (woodlu@ucmail.uc.edu).

Results
Of the 3,000 patients with ICH enrolled in the ERICH study,
596 patients aged <50 years were considered for the present
analysis. After excluding infratentorial ICH, primary IVH, cases
with missing admission ICH volume, and cases with missing
3-month mRS scores, 418 young patients with ICH (mean
[SD] age, 43 [6] years; 69%male) were included in the present
analysis (figure). Within this young cohort, 173 (41%) were
non-Hispanic black, 48 (12%) were non-Hispanic white, and
197 (47%) were Hispanic. Distribution of age, sex, GCS score
on admission, ICH location, EVD placement, withdrawal of
care, and medical history of untreated hypertension, diabetes,
high cholesterol, or premorbid disability were similar between
those included in our analysis and those excluded due to
missing data. Compared with our analyzed cases, cases with
missing data included a greater frequency of white patients,
a lesser frequency of Hispanic patients, smaller ICH volumes,
and less IVH extension (table e-4, doi.org/10.5061/dryad.
6kb10h4). White patients with missing outcomes had smaller
median ICH volumes compared with white patients included
in the study (4 mL, IQR 3–10; 24 mL, IQR 8–42, p = 0.001).
Given the differing underlying pathophysiologic mechanisms
between lobar and deep ICH, we compared patient and ICH
characteristics between these 2 groups. Within our cohort, 98
(23%) patients presented with lobar bleeds and 320 (77%)
presented with nonlobar bleeds. The median ICH volumes for
deep and lobar bleeds were 11 mL (IQR, 5–27mL) and 24mL
(IQR, 10–45 mL), respectively (p < 0.001) (table 1).

Functional outcome at 3 months
Three months after the ICH, 146 (35%) young patients had
a poor functional outcome, as represented by an mRS of 4–6.
Specifically, 73 (18%) were unable to walk without assistance
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and attend to their own bodily needs (mRS 4); 32 (8%) were
bedridden, incontinent, and required constant nursing care
and attention (mRS 5); and 41 (10%) had died (mRS 6)
(table e-5, doi.org/10.5061/dryad.6kb10h4). Among the lat-
ter, 35 (85%) died as inpatients. Of those who died in the
hospital, 8 (23%) patients died in the first 48 hours of hospital
arrival. There was a greater distribution of poor outcome at 3
months among young patients who had presented with deep
ICH (38% vs 26%, p = 0.046), but no difference in 3-month
mortality between these 2 groups (p = 0.88). At 6 and 12
months after the ICH, 119 (29%) and 111 (27%) young
patients had an mRS score of 4–6, respectively.

Race/ethnicity and poor functional outcome
Functional outcome after ICH differed by race/ethnicity. The
proportion of young patients with ICHwith a 3-monthmRS of
4–6 across race/ethnic categories was 52%, 35%, and 31% for
white, black, and Hispanic patients, respectively. In univariable
analysis, compared with white patients, black patients had
a significant 51% reduction in odds of poor outcome at 3
months (p = 0.03), and Hispanic patients had a significant 59%
reduction in these same odds (p = 0.007) (table 2). Compared
to black patients, Hispanic patients had a 15% reduction in the
odds for poor outcome (p = 0.45) that was not statistically
significant. The association between race/ethnicity and
3-month post-ICH functional outcome remained significant

after adjusting for age, sex, premorbid disability, ICH location,
ICH volume, IVH extension, systolic blood pressure, and GCS
score on admission. In multivariable analysis, using white
patients as the reference category, black patients had a 58%
reduction in the odds of poor functional outcome at 3 months
(OR, 0.42; 95%CI, 0.18, 0.99; p = 0.046) andHispanic patients
had a 66% reduction in the same odds (OR, 0.34; 95%CI, 0.15,
0.78; p = 0.01) (table 2). An interaction analysis between black
patients and ICH volume was not statistically significant. Sec-
ondary analysis including patients with missing 3-month mRS
scores (n = 496) did not significantly alter the results of the
multivariable model: black patients had a 55% reduction in the
odds of poor functional outcome at 3 months (OR, 0.45; 95%
CI, 0.22, 0.94; p = 0.032) and Hispanic patients had a 64%
reduction in the odds of poor functional outcome at 3 months
(OR, 0.36; 95% CI, 0.18, 0.74; p = 0.005).

Characterization of ICH by race/ethnicity
We completed multiple secondary analyses to explore po-
tential mechanisms for the observed difference in functional
outcomes across race/ethnicity. First, we evaluated the vol-
ume of the ICH upon admission to the hospital across these
strata and found that hematomas were larger in white patients
(median 24 mL) compared with black patients (median 12
mL) and Hispanic patients (median 14 mL) (table 3). The
difference in volume was significant between white and black
patients (p = 0.002), although not statistically significant be-
tween white andHispanic patients (p = 0.10), likely due to the
variability in volumes among young Hispanic patients. Sec-
ond, we compared the baseline and clinical characteristics of
these ethnic groups, finding that white and Hispanic patients
were more likely to have untreated hypertension, white
patients were more likely to receive oral anticoagulation
treatment, and black and white patients were more likely to
have coronary artery disease, atrial fibrillation, and to undergo
EVD placement (table 3). There were no differences in dis-
charge mortality, defined as inpatient death or discharge to
hospice, among young black, white, and Hispanic patients
(p = 0.20).

Other predictors of poor functional outcome
We confirmed that several factors known to influence func-
tional outcome in older patients with ICH also play an im-
portant role in young patients with this condition. The
volume of the hematoma, the most powerful predictor of
outcome in older patients with ICH, was also found to be the
most significant predictor of poor outcome in young patients.
In addition, age, premorbid conditions, deep location of the
bleed, and presence of IVH were all found to be significantly
associated with poor functional outcome in multivariable
analysis (table 2). As expected, placement of an EVD also
significantly predicted poor outcome, although this instance
likely represents a downstream clinical marker of severity
rather than a true factor associated with poor outcome. Of
note, IVH presence and EVD placement were likely collinear
in multivariable modeling (variance inflation factor 1.255),
and IVH presence was kept in the final model.

Figure Selection of participants from the Ethnic/Racial
Variations of Intracerebral Hemorrhage study for
the present analysis

ICH = intracerebral hemorrhage; IVH = intraventricular hemorrhage.
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Table 1 Characteristics of the study population

Covariate All ICH (n = 418) Lobar ICH (n = 98) Deep ICH (n = 320)

Age, y 43 (6) 41 (7) 43 (5)

Male 289 (69) 57 (58) 232 (73)

White 48 (12) 16 (16) 32 (10)

Black 173 (41) 33 (34) 140 (44)

Hispanic 197 (47) 49 (50) 148 (46)

Medical history

Hypertension 326 (78) 63 (64) 263 (82)

Untreated
hypertension

157 (38) 26 (27) 131 (41)

Diabetes 81 (19) 17 (17) 64 (20)

Coronary artery
disease

23 (6) 9 (9) 14 (4)

Body mass index 30 (26–35) 30 (25–35) 30 (26–35)

Hypercholesteremia 104 (25) 23 (24) 81 (25)

Atrial fibrillation 9 (2) 4 (4) 5 (2)

Current smoker 67 (16) 13 (13) 54 (17)

Crack/cocaine use 40 (10) 8 (8) 32 (10)

Alcohol abuse 54 (13) 9 (9) 45 (14)

Premorbid mRS >1 33 (8) 10 (10) 23 (7)

Medications

Anticoagulation 12 (3) 8 (8) 4 (1)

Antiplatelet 7 (2) 2 (2) 5 (2)

Statins 44 (11) 12 (12) 32 (10)

Clinical characteristics

Admission GCS 14 (10–15) 15 (12–15) 14 (10–15)

Systolic BP, mm Hg 200 (169–224) 172 (149–215) 205 (177–228)

Diastolic BP, mm Hg 116 (100–134) 103 (90–121) 120 (103–137)

Glucose on admission 132 (110–164) 129 (109–160) 134 (112–167)

WBC on admission 10 (7–13) 10 (7–15) 10 (7–12)

INR on admission >1.7 5 (1) 3 (3) 2 (1)

Length of stay 11 (6–21) 12 (6–19) 11 (6–22)

Radiologic
characteristics

ICH volume 14 (6–32) 24 (10–45) 11 (5–27)

ICH expansion >33% 45 (11) 6 (6) 39 (12)

IVH extension 199 (48) 35 (36) 164 (51)

ICH score 1 (0–2) 1 (0–2) 1 (0–2)

Abbreviations: BP = blood pressure; GCS = Glasgow Coma Scale score; ICH = intracerebral hemorrhage; INR = international normalized ratio; IVH =
intraventricular hemorrhage; mRS = modified Rankin Scale score; WBC = white blood cell count.
Values are mean (SD), n (%), or median (interquartile range).
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Discussion
The present study investigated the outcomes of young patients
with ICH enrolled in the ERICH study, a large, ethnically diverse,
multicenter, prospective study. From a cohort of 596 patients
with ICHunder the age of 50, we studied 418 young patients who
presented with supratentorial bleeds and had complete data on
ICH volume and 3-month outcomes. Consistent with previous
studies on ICH among all age groups, GCS score on admission,
age, systolic blood pressure on admission, ICH volume, deep

ICH location, and IVH presence were significant independent
predictors of poor outcome at 3 months for ICH in the
young.20–25 Furthermore, we show that, compared with their
white counterparts, young black and Hispanic patients have
a significant reduction in odds for poor outcome at 3 months.

Consistent with the hypertensive profile of our study pop-
ulation, the majority of the young patients with ICH presented
with deep hemorrhages,26,27 with only a quarter presenting
with lobar hemorrhages. Prior studies have reported that the

Table 2 Univariable and multivariable analysis for functional outcome

Covariate
Poor outcome
(mRS >3), n (%)

Poor outcome (mRS >3) at 3 months,
univariable logistic regression (n = 418)

Poor outcome (mRS >3) at 3 months,
multivariable logistic regression (n = 418)

OR (95% CI) p Value OR (95% CI) p Value

Age (1 y) — 1.02 (0.99–1.06) 0.23 1.06 (1.004–1.11) 0.04

Male 105 (36) 1.23 (0.79–1.90) 0.37 0.76 (0.43–1.36) 0.36

Black 60 (35) 0.49 (0.26–0.93) 0.03 0.42 (0.18–0.99) 0.046

Hispanic 61 (31) 0.41 (0.22–0.78) 0.007 0.34 (0.15–0.78) 0.01

Premorbid disability
(mRS >1)

21 (64) 3.67 (1.75–7.70) 0.001 16.87 (4.86–58.54) <0.001

Body mass index — 1.01 (0.99–1.04) 0.43 — —

Hypertension 115 (35) 1.11 (0.68–1.81) 0.68 — —

Untreated hypertension 54 (34) 0.93 (0.59–1.46) 0.75 — —

Diabetes mellitus 35 (43) 1.54 (0.94–2.53) 0.09 — —

High cholesterol 30 (29) 0.70 (0.43–1.13) 0.15 — —

Coronary artery disease 8 (35) 0.99 (0.41–2.40) 0.99 — —

On antiplatelets 3 (43) 1.41 (0.31–6.37) 0.66 — —

On statins 15 (34) 0.96 (0.50–1.85) 0.90 — —

Cocaine use 9 (23) 0.56 (0.26–1.22) 0.14 — —

Current smoker 29 (43) 1.55 (0.91–2.64) 0.11 — —

Alcohol abuse 21 (39) 1.34 (0.74–2.43) 0.33 — —

Systolic BP in ED (10 mm) — 1.09 (1.03–1.16) 0.002 1.10 (1.02–1.18) 0.01

Diastolic BP in ED (10 mm) — 1.10 (1.01–1.20) 0.02 — —

Glucose (admission) — 1.01 (1.00–1.01) 0.001 — —

WBC (admission) — 1.07 (1.03–1.12) 0.002 — —

INR >1.7 (admission) 2 (40) 1.23 (0.20–7.45) 0.82 — —

GCS score (admission) — 0.82 (0.78–0.87) <0.001 0.89 (0.83–0.96) 0.001

ICH location (deep) 120 (38) 1.66 (1.01–2.75) 0.048 2.76 (1.35–5.64) 0.005

ICH volume (NatLog
transformed)

— 2.36 (1.87–2.97) <0.001 2.44 (1.81–3.30) <0.001

IVH extension 91 (46) 2.51 (1.66–3.80) <0.001 1.74 (1.02–2.99) 0.04

EVD 68 (55) 3.36 (2.17–5.21) <0.001 — —

Abbreviations: BP = blood pressure; CI = confidence interval; ED = emergency department; EVD = external ventricular drain; GCS = Glasgow Coma Scale; ICH =
intracerebral hemorrhage; INR = international normalized value; IVH = intraventricular hemorrhage;mRS =modified Rankin Scale score; NatLog = natural log;
OR = odds ratio; WBC = white blood cell count.
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risk of lobar hemorrhage with advanced age is strongly asso-
ciated with the increased incidence of cerebral amyloid angi-
opathy (CAA).28,29 As CAA is rare in young adults under age

50,30 the lobar bleeds identified in our cohort are likely to be
related to high blood pressure. In line with this argument,
approximately 4 out of 5 young patients with ICH presented

Table 3 Population characteristics by race/ethnicity

Demographics Black (n = 173) White (n = 48) Hispanic (n = 197) Univariable analysis p

Age, y 44 (40–48) 43 (38–46) 44 (39–47) 0.53

Male 118 (68) 32 (67) 139 (71) 0.82

Medical history

Hypertension 153 (88) 35 (73) 138 (70) <0.001

Untreated hypertension 60 (35) 19 (40) 78 (40) 0.01

Diabetes 36 (21) 9 (19) 36 (18) 0.81

Coronary artery disease 16 (9) 4 (8) 3 (2) 0.002

Body mass index 30 (26–36) 30 (25–39) 30 (27–35) 0.48

Hypercholesteremia 49 (28) 11 (23) 44 (22) 0.38

Atrial fibrillation 9 (5) 2 (4) 1 (1) 0.01

Current smoker 34 (20) 10 (21) 23 (12) 0.07

Crack/cocaine use 16 (9) 3 (6) 21 (11) 0.68

Alcohol abuse 21 (12) 5 (10) 28 (14) 0.70

Premorbid mRS >1 16 (9) 7 (15) 10 (5) 0.07

Medications

On statins 19 (11) 5 (10) 20 (10) 0.97

On anticoagulation 6 (4) 4 (8) 2 (1) 0.02

On antiplatelet 6 (4) 0 (0) 1 (1) 0.08

Clinical characteristics

Admission GCS 14 (9–15) 14 (10–15) 15 (10–15) 0.55

Systolic BP in ED, mm Hg 201 (174–226) 190 (155–218) 204 (168–226) 0.16

Diastolic BP in ED, mm Hg 121 (103–134) 109 (91–129) 116 (100–137) 0.03

Glucose on admission 134 (110–175) 127 (107–150) 132 (113–163) 0.39

WBC on admission 9 (7–11) 11 (9–14) 11 (8–14) <0.001

INR on admission >1.7 0 (0) 3 (6) 2 (1) 0.006

Length of stay, d 11 (6–24) 12 (6–21) 11 (5–20) 0.69

EVD placement 62 (36) 17 (35) 45 (23) 0.016

Radiologic characteristics

ICH location (deep) 140 (81) 32 (67) 148 (75) 0.096

ICH volume 12 (5–24) 24 (8–42) 14 (6–34) 0.003

ICH expansion >33% 19 (11) 5 (10) 21 (11) 0.99

IVH extension 91 (53) 21 (44) 87 (44) 0.23

ICH score 1 (0–2) 1 (0–2) 1 (0–2) 0.71

Abbreviations: BP = blood pressure; ED = emergency department; EVD = external ventricular drain; GCS = Glasgow Coma Scale; ICH = intracerebral
hemorrhage; INR = international normalized ratio; IVH = intraventricular hemorrhage; mRS = modified Rankin Scale; WBC = white blood cell count.
Values are n (%) or median (interquartile range). Statistical tests implemented for univariable analysis for race; covariates. Pearson χ2 and Fisher exact test
were performed for discrete covariates, when appropriate; Kruskal-Wallis test for non-normally distributed, continuous covariates.
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with a history of diagnosed hypertension, of which nearly half
were untreated. After hypertension, the most common stroke
risk factors in the young were diabetes, high cholesterol,
smoking, and alcohol abuse. In combination, these results in-
dicate that vascular risk factors, especially untreated, could ex-
plain a large proportion of cases of ICH in the young.

Our results expand upon a previous study from the Get with
the Guidelines–Stroke registry that explored a similar ques-
tion in all age groups. This study found that black and His-
panic patients with ICH had a 21% and 27% reduction in risk
of in-hospital mortality, respectively, compared with white
patients with ICH. Of note, these findings persisted after
adjustment for available data points on baseline
characteristics.9,31 However, because the study did not collect
data on well-established predictors of functional outcomes,
such as ICH location, ICH volume, IVH extension, and GCS
score on admission, it is unclear the extent to which differ-
ences in these unmeasured covariates account for the ob-
served differences in mortality by race/ethnicity. In the
present study, we show that even when accounting for these
strong, and most widely regarded, predictors of functional
outcome, black race and Hispanic ethnicity bear a significant
association with short-term functional outcomes after ICH.

Our results also provide important information about the fac-
tors that may mediate the observed difference across ethnic
groups. Admission hematoma volume32 and hematoma ex-
pansion33 are the most potent predictors of clinical outcome in
ICH. Hematoma volume is measured on the first CT scan upon
admission to the hospital, before any medical intervention is
implemented. Consequently, it reflects the initial, unmodifiable
brain injury caused by direct damage inflicted by blood spilled
into the brain parenchyma. Hematoma expansion, on the other
hand, is a delayed, secondary process amenable to treatment,
and the target of most therapeutic interventions evaluated in
ICH in recent years.34–36 In this study, white patients with ICH
had larger hematoma volumes on admission (median size 24
mL) compared to black (median size 12 mL) and Hispanic
(median size 14 mL) patients. Furthermore, an interaction
analysis between black patients and ICH volume was not sta-
tistically significant, suggesting that the lower ICH volumes in
black patients did not contribute to their better outcomes at 3
months. Importantly, the proportion of hematoma expansion
was similar across ethnic groups. In combination, these findings
indicate that the observed differences in clinical outcome are
most likely driven by biological, social, and treatment factors
related to risk of ICH, rather than by differences in the early
management after admission to the hospital. Further research is
needed to determine the reasons for the improved outcomes
which could lead to changes in management for all patients.

Our results also point to treatment with oral anticoagulants
(OAC) before hospitalization as a potential mediator of the effect
of race/ethnicity on short-term functional outcomes. Specifically,
white patients had higher prevalence of OAC use (n = 4, 8%)
when compared to black and Hispanic patients (n = 6, 4% and n

= 2, 1%, respectively) and this difference was reflected by a higher
proportion of white patients having INR > 1.7 on admission (n =
3, 6%). OAC treatment is a known risk factor for ICH and an
established predictor of poor outcome in this condition.37

However, because only a small proportion of enrolled young
patients with ICH were on OAC prior to presentation, these
results should be further validated by future studies.

The greatest strengths in our study are the large number of
young patients with ICH we included in our analysis, the ho-
mogenous recruitment of ICH cases with hypertensive etiol-
ogies, and the emphasis onminority enrollment. Patient history
was constructed from chart abstraction and case interview
responses, creating a robust picture of the patient’s health prior
to hospitalization. Radiologic diagnostics, including ICH loca-
tion and hematoma volume, were centrally performed in
a standardized fashion by a panel of experts to limit individual
biases and discrepancies in measurement. However, there are
also some limitations to our study. Because we used a broad
categorization of racial/ethnic groups, we likely lost the more
nuanced differences in ICH presentation and recovery among
more specifically categorized cultural and racial subgroups.
Second, because younger patients were more likely to be black
or Hispanic and less likely to be white, our results may be
limited by reduced statistical power. Third, we were unable to
assess the importance of ICH stability on outcome due to the
unstandardized timing and number of CT scans. Fourth,
a significant proportion of cases excluded due to missing data
included young white patients with ICH with smaller ICH
volumes, which may limit our analysis to a subset of young
white patients with ICH with more severe bleeds and worse
outcomes. Finally, despite our large cohort of young patients
with ICH, it may still not be large enough to capture the
differences among the racial/ethnic subgroups.

We conducted the largest investigation on spontaneous
supratentorial ICH in patients under the age of 50, using cases
from the ERICH study. We show that young black and young
Hispanic patients have better short-term outcomes, in-
dependent of medical history, radiologic characteristics, and
hospital characteristics, after spontaneous supratentorial ICH.
Although presenting ICH severity varied by race/ethnicity
among young patients, it did not fully account for the differ-
ences in functional outcome at 3 months. Furthermore, de-
spite reports that minority patients fare better due to an
average younger age at ICH onset, our results demonstrate
that differences in functional recovery by race/ethnicity per-
sist even when studying a young adult population. This may
indicate distinct pathophysiologies of the initial bleed or
unique mechanisms of secondary injury across different
racial/ethnic groups. Future studies are necessary to probe the
potential biological and social mediators of these findings to
elucidate the role of race/ethnicity in ICH severity and
functional recovery, and to develop improved prognostication
for a racially varied population. Future studies will also be
required to describe the presentation and characteristics of
infratentorial hemorrhage in the young.
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