Hematoma expansion is more frequent in deep
than lobar intracerebral hemorrhage
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Abstract

Objective
To test the hypothesis that patients with deep intracerebral hemorrhage (ICH) would en-
counter hematoma expansion (HE) more frequently compared to patients with lobar ICH.

Methods

Patients with ICH with neuroimaging to calculate HE were analyzed from the multicenter
Ethnic/Racial Variations of Intracerebral Hemorrhage (ERICH) cohort. Patients with labo-
ratory coagulopathy or preceding anticoagulant use were excluded to assess relationships of
ICH location alone (deep vs lobar) with HE, defined as >33% relative growth. Odds ratios
(ORs) and 95% confidence intervals (Cls) for these relationships were estimated with logistic
regression. Sensitivity and specificity determined HE thresholds best associated with poor
3-month outcomes (modified Rankin score 4-6) stratified by location.

Results

There were 1,049 patients with deep and 408 patients with lobar ICH analyzed. Deep ICH
locations were more likely to have HE (adjusted OR 1.57,95% CI 1.08-2.29) after adjustment
for age, sex, race, baseline hematoma size, and intraventricular hemorrhage. However, this
difference was nonsignificant (adjusted OR 1.35, 95% CI 0.81-2.24) after controlling for time
from symptom onset to admission CT in a subgroup analysis of 729 patients with these data.
Yet, the threshold of HE best associated with poor outcomes was smaller in deep (30%)
compared to lobar (50%) ICH.

Conclusions

While HE was more frequent in deep than lobar ICH, this could be due to differences in
symptom onset to admission CT times in our cohort. However, patients with deep ICH appear
particularly vulnerable to the deleterious effects of small volumes of HE. Further studies should
clarify whether ICH location needs to be considered in HE treatment paradigms.
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Glossary

CI = confidence interval; ERICH = Ethnic/Racial Variations of Intracerebral Hemorrhage; ICH = intracerebral hemorrhage;
IVH = intraventricular hemorrhage; HE = hematoma expansion; OR = odds ratio; SBP = systolic blood pressure.

Current spontaneous intracerebral hemorrhage (ICH) treat-
ment approaches largely focus on acute blood pressure con-
trol and reversal of coagulopathy in efforts to prevent
hematoma expansion (HE), a well-identified, potentially
modifiable cause of worse outcome after ICH." Commonly
identified factors associated with HE include larger baseline
hematoma size, preceding anticoagulant medication use, and
more rapid times from symptom onset to initial neuro-
imaging.2 However, recent ICH trials focused on rapid pro-
coagulant treatments to prevent HE have not yielded
improved clinical outcomes.*™ It is unclear whether this is
due to shortcomings of the treatments themselves or limita-
tions of a homogeneous treatment approach for a heteroge-
neous disease.

The heterogeneity of ICH is apparent in comparisons of the
most common spontaneous, primary ICH locations seen in
clinical trials and clinical practice: deep and lobar ICHs.
Specifically, deep ICH is known to have worse outcomes
compared to lobar ICH.®® This is thought to be driven
primarily by differences in anatomic structural injury and
mass effect compromise of midline structures rather than
HE differences between these locations. A commonly used
threshold of HE in clinical trials and observational studies is
>33% relative or >6 mL absolute growth from baseline
admission scan. However, it is unclear whether deep and
lobar ICHs differ in radiographic HE outcomes given po-
tential limitations of including absolute growth (>6 mL)
thresholds to define HE in prior studies.””~'?> Relative HE
thresholds (i.e., >33%) may be better for defining HE when
groups with largely different baseline hematoma volumes
are compared."

Current clinical trials and observational studies often analyze
deep and lobar ICHs together despite the aforementioned
heterogeneity between these locations. A large, multicenter
dataset confirming HE differences between deep and lobar
ICHs, not related to medication effect, would provide a ra-
tionale to account for the radiographic and clinical outcome
heterogeneity of these ICH locations and could change clin-
ical practice and trial enrollment. We hypothesized that in
patients with spontaneous, primary ICH without preceding
anticoagulant medication use, deep locations would be more
likely to encounter relative HE (primarily defined as >33%
relative growth, the most commonly used relative HE
threshold) compared to lobar locations. We in addition ex-
plored the effects of HE on the relationship between ICH
location and outcome and sought to identify HE thresholds
best associated with poor outcome, stratified by deep and
lobar locations, using a large, multicenter ICH cohort.
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Methods

The Ethnic/Racial Variations of Intracerebral Hemorrhage
(ERICH) study is a large, prospective, multiethnic, multi-
center ICH cohort study. ICHs secondary to vascular
malformation/aneurysm, venous sinus thrombosis, malig-
nancies, and ischemic stroke with hemorrhagic trans-
formation are excluded from ERICH. For patients enrolled,
baseline demographic, race/ethnicity (self-reported as non-
Hispanic Black, non-Hispanic White, Hispanic), medical
history, medication use, clinical data, radiographic data, date
of symptom onset, admission laboratory values, and 3-month
outcomes were collected by trained study staff with meth-
odology described previously.13 Enrollment was conducted
from 2010 to 2016.

Standard protocol approvals, registrations,
and patient consents

This observational study was approved by the Institutional
Review Board at each enrolling site with informed consent
obtained from all patients or family when appropriate.'®

Patient selection

Deep or lobar ICHs with both baseline and follow-up CT
imaging were included. ICH location was adjudicated by a
blinded neuroimaging core analysis review according to sus-
pected origin of hemorrhage. ICH location was defined as
deep if the origin of the hemorrhage territory was a proximal
branch of the middle, anterior, or posterior cerebral arteries
(i.e., lenticulostriate and thalamostriate vessels). Lobar ICH
was defined if the origin of hemorrhage was a distal cortical
branch of the middle, anterior, or posterior cerebral arteries.
Patients with brainstem/infratentorial ICH, ICH in mixed/
multiple locations, primary intraventricular hemorrhage
(IVH), and symptom onset to admission CT of >1 day were
excluded. To best assess the association of ICH location alone
on HE, patients with preceding anticoagulant use (oral or IV)
or coagulopathy on admission laboratory results® (sponta-
neously elevated international normalized ratio >1.7, platelet
count <50 x 10%/ uL) were also excluded (figure).

Neuroimaging

Semiautomated hematoma size measurements (Alice soft-
ware; Parexel Corp, Waltham, MA) were estimated for all CT
scans with the use of a centralized, blinded neuroimaging core
and previously described protocols."'* The initial admission
head CT scan was measured as the baseline scan. A follow-up
head CT within 2 days of admission was chosen for final
hematoma size measurements for HE calculations. If multiple
scans were obtained within these 2 days, the final head CT was
chosen for hematoma size measurement to best assess HE
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Figure Patient inclusion and exclusion

Patients with ICH in ERICH

+ Missing follow-up CT scan (1,103)

+ Location exclusion (posterior fossa, brainstem,
» or mixed deep and lobar locations) (393)

* Prior anticoagulation medication history (335)
» Admission laboratory coagulopathy (253)

(N = 3,000)
Patients excluded (n = 1,543)*:
Y * Hematoma volume contraction greater than
Primary ICH -5mL (120)
(n=1,457)
Deep ICH Lobar ICH
(n=1,049) (n =408)

ERICH = Ethnic/Racial Variations of
Intracerebral Hemorrhage; ICH = in-
tracerebral hemorrhage. *Each cate-
gory is not mutually exclusive.

over that time period. The exact time from symptom onset to
admission CT (hours) was calculated when available. The
primary radiographic outcome was HE defined with a well-
validated threshold of >33% relative HE’; this approach
accounts for expected baseline hematoma size differences
between deep and lobar ICHs. HE was secondarily assessed as
a continuous variable of absolute expansion (milliliters) and
other validated definitions of HE: (1) >33% or >6 mL and (2)
>6 mL growth. Although continuous measurements of he-
matoma change can occasionally yield negative values
(i.e., hematoma contraction), we excluded patients who were
found to have large negative hematoma volume changes >-5
mL. This was performed to best account for confounders such
as acute surgical treatment before follow-up CT scan creating
nonphysiologic negative changes in hematoma size (figure).

Outcome assessment

The modified Rankin Scale score (dichotomized as good 0-3,
poor 4-6) at discharge and 3-month outcomes were used as
the clinical outcome measures. Three-month outcomes were
obtained via standardized phone interviews by trained re-
search staff, as described previously.13

Statistical analysis

Intergroup differences were determined by applying the Mann-
Whitney U or t test for continuous variables and the x or Fisher
exact test for categorical variables. Logistic regression (or linear
regression for models with HE defined as a continuous variable
of absolute growth in milliliters) was used to assess the a priori
hypothesis that there would be an association of deep ICH
location with increased odds of HE after adjustment for expected
demographic/clinical differences in ICH location and previously
identified covariates of HE: baseline ICH volume,” age, sex, race,
and presence of IVH. In case of missing data, complete case
analysis was performed if these made up <15% of the total
cohort. A separate subgroup analysis was performed for patients
with ICH with available data on symptom onset to admission
CT time, which was incorporated as an adjusted covariate in the
HE outcome models.
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We also used logistic regression models to assess the associ-
ation of ICH location with poor discharge and 3-month
outcomes after adjusting for significant intergroup differences
and covariates of ICH outcome chosen a priori: baseline ICH
volume, age, and presence of IVH," along with sex and race. A
mediation analysis was performed to estimate the effect of HE
(as the mediator) on the relationship between ICH location
(independent variable) and poor 3-month outcomes (de-
pendent variable). We in addition assessed the sensitivities
and specificities of relative HE (percent) thresholds best as-
sociated with poor 3-month outcomes stratified by location:
deep vs lobar. Receiver operating characteristic curves were
generated separately for deep and lobar ICH locations, and
area under the curve analyses were performed to assess the
ability of HE (as relative continuous measurement of percent
growth) to predict poor outcome for each ICH location.
Statistical significance was assessed at p < 0.0S. Analyses were
performed with SAS (SAS Institute, Cary, NC).

Data availability
The data on which this article is based can be obtained on
reasonable request to the corresponding author.

Results

Of 3,000 patients with spontaneous ICHs enrolled in ERICH,
1,457 patients met inclusion criteria for this analysis (figure).
Of these ICHs, 1,049 were deep (72%) and 408 were lobar
(28%) in location. Notable differences were seen between
patients with deep and lobar ICHs. Patients with deep ICHs
were significantly younger, were predominantly male, and had
a higher prevalence of hypertension but less dyslipidemia and
cardiac comorbid conditions compared to patients with lobar
ICH. There were also notable racial differences seen between
ICH locations, specifically with more Black and Hispanic
patients having deep ICH. Patients with deep ICH had worse
admission Glasgow Coma Scale scores, higher admission
systolic blood pressure (SBP), smaller baseline hematoma
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volumes, and more IVH compared to patients with lobar ICH.
No clinically relevant differences in admission plasma-based
coagulation testing were noted. Of patients with available
symptom onset to admission CT times, there were no sig-
nificant time differences between groups (table 1).

Deep ICH was associated with increased odds of HE
(adjusted odds ratio [OR] 1.57, 95% confidence interval

[CI] 1.08-2.29) compared to lobar ICH. There was also an
association of deep ICH with increased odds of HE defined
as >6 mL absolute growth (adjusted OR 1.69, 95% CI:
1.10-2.58) and with the use of traditional HE definitions
that combine both relative and absolute growth: >33% or
>6 mL (adjusted OR 1.57,95% CI 1.09-2.21) (table 2). In
analyses evaluating HE as a continuous variable of absolute
growth (milliliters), we conversely identified an

Table 1 Deep vs lobar intracerebral hemorrhage baseline characteristics

AllICH (n =1,457) Deep ICH (n = 1,049) Lobar ICH (n = 408) p Value

Age, mean (SD), y 61 (14) 59 (13) 66 (14) <0.0001
Female, n (%) 567 (39) 356 (34) 211 (52) <0.0001
Race, n (%)

White 450 (31) 254 (24) 196 (48) <0.0001

Black 523 (36) 425 (41) 98 (24)

Hispanic 484 (33) 370 (35) 114 (28)
Medical history, n (%)

Dyslipidemia 593 (42) 395 (38) 198 (49) 0.0002

Coronary artery disease 153 (11) 89 (8) 64 (16) 0.0002

Atrial fibrillation 52 (4) 25(2) 27 (7) 0.0002

Hypertension 1,219 (84) 909 (87) 310 (76) <0.0001

Diabetes 404 (28) 293 (28) 111 (27) 0.77
Medication history, n (%)

Antiplatelet 90 (6) 54 (5) 36 (9) 0.01

Statin 349 (24) 225 (21) 124 (30) 0.0003
Clinical/radiographic

Admit SBP, mean (SD), mm Hg? 190 (49) 195 (48) 178 (52) <0.0001

Admit DBP, mean (SD), mm Hg 108 (62) 112 (56) 99 (75) 0.001

GCS score, median (IQR) 15(11-15) 15(11-15) 15 (12-15) 0.18

ICH score, median (IQR) 1(0-2) 1(0-2) 1(0-2) 1.00

Baseline ICH volume, median (IQR), mL 11 (5-24) 9 (4-18) 21 (9-40) <0.0001

IVH, n (%) 657 (45) 541 (52) 116 (28) <0.0001

Time to admission CT, median (IQR), h® 2(1-4) 2(1-4) 3(1-10) 0.69
Laboratory coagulation testing, mean (SD)

Prothrombin time, s 12.4(1.7) 12.4(1.7) 12.6 (1.5) 0.03

Partial thromboplastin time, s 28.5(6.6) 28.6(7.2) 28.1(4.9) 0.31

International normalized ratio 1.0 (0.1) 1.0 (0.1) 1.0 (0.1) 0.31

Platelet count, 10%/pL 228 (74) 228 (74) 227 (75) 0.75

Hemoglobin, g/dL 13.8(1.9) 13.9(1.8) 13.5(1.9) 0.0001

Abbreviations: DBP = diastolic blood pressure; GCS = Glasgow Coma Scale; ICH = intracerebral hemorrhage; IQR = interquartile range; IVH = intraventricular

hemorrhage; SBP = systolic blood pressure.
? Missing 98 patients.
® Missing 728 patients.
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Table 2 Crude and adjusted multivariable regression analysis assessing association of deep vs lobar ICH location with HE

and clinical outcomes

All ICH Deep ICH Lobar ICH Unadjusted Adjusted

Radiographic outcome (n=1,457) (n =1,049) (n =408) OR (95% ClI) p Value OR (95% CI) p Value
HE >33%, n (%)? 227 (16) 181 (17) 49 (12) 1.53 (1.09-2.14) 0.01 1.57 (1.08-2.29) 0.02
HE > 6 mL, n (%)? 176 (12) 124 (12) 52 (13) 0.92 (0.65-1.29) 0.63 1.69 (1.10-2.58) 0.03
HE >33% or >6 mL, n (%)? 266 (18) 198 (19) 68 (17) 1.16 (0.86-1.58) 0.33 1.57 (1.09-2.21) 0.02
Poor discharge mRS 900 (62) 683 (65) 217 (53) 1.64 (1.29-2.06) <0.0001 4.54 (3.26-6.32) <0.0001
score (4-6), n (%)°

Poor 3-month mRS 579 (46) 425 (47) 154 (44) 1.14 (0.89-1.46) 0.29 3.75 (2.60-5.42) <0.0001

score (4-6), n (%)<

Abbreviations: Cl = confidence interval; HE = hematoma expansion; ICH = intracerebral hemorrhage; mRS = modified Rankin Scale; OR = odds ratio.
@ Multivariable logistic regression adjusted for sex, race, age, baseline hematoma size, intraventricular hemorrhage.
® Multivariable logistic regression adjusted for sex, race, age, baseline hematoma size, intraventricular hemorrhage.

¢ Missing 208 patients (14%) with 3-month follow-up data.

association of deep ICH with less absolute HE growth
compared to lobar ICH (unadjusted p = —1.09, 95% CI —2.09 to
—0.08). However, there was no significant association after ad-
justment for baseline ICH volume, age, sex, race, and IVH
(adjusted B = 0.97,95% CI —0.16 to 2.10). In a subgroup analysis
of patients with data available on time from symptom onset to
admission CT (n = 729), the association of deep ICH with
increased odds of HE was nonsignificant (adjusted OR 1.3,
95% CI 0.81-2.24). Adding sensitivity analysis to the primary
model, adjusting for differences in admission SBP, medical his-
tory of hypertension, and prior antiplatelet medication use as a
confounders in addition to the other covariates, did not influence
the effect of deep ICH with increased odds of HE (adjusted OR
1.62, 95% CI 1.11-2.36).

Deep ICH location was associated with increased odds of
poor outcomes at both discharge (adjusted OR 4.54, 95% CI
3.26-6.32) and 3-month follow-up (adjusted OR 3.75, 95%
CI 2.60-5.42) (table 2). Mediation analysis revealed that the
relationship of deep ICH with poor 3-month outcomes was
mediated in part by HE (Sobel test p = 0.02). Specifically, HE
accounted for =15% of the relationship of deep ICH and poor
outcome.

When using sensitivity and specificity to determine optimal
HE thresholds associated with poor 3-month outcomes, we
identified that the relative HE (percent) growth associated
with poor 3-month outcomes was 30% for deep and 50% for
lobar ICH. This translated to a threshold of 2.5 mL of absolute
growth in deep ICH compared to 10.5 mL for lobar ICH.
While these thresholds showed the highest sensitivity and
specificities compared with these clinical outcomes, the
overall sensitivity and specificities were low, and there was
poor separation between these thresholds (table 3). In addi-
tion, the area under the receiver operating characteristic curve
for relative HE (continuous percent) growth predicting poor
outcome was 0.63 for patients with deep ICH and 0.58 for
patients with lobar ICH (table 4).
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Discussion

Current clinical ICH coagulopathy treatment paradigms are
largely uniform across patients with all types of ICH. These
paradigms rely on identifying patients with recent anti-
coagulation medication use or evidence of coagulopathy using
admission plasma-based coagulation tests. This allows the
ability to target and initiate coagulopathy treatments in efforts
to minimize HE and to improve clinical outcomes. In our
multicenter, multiethnic ICH cohort with such patients

Table 3 HE thresholds best associated with 3-month
outcomes in deep and lobar ICH

Threshold Sensitivity, % Specificity, %

Deep ICH, %
50 62.86 (53.7-71.4) 56.54 (54.8-58.2)
40 60.94 (52.8-68.6) 56.69 (54.7-58.5)
33 (Standard) 57.69 (50.2-64.9) 54.91 (53.3-56.4)
30° 58.08 (51.2-64.7) 56.86 (54.6-59.0)
20 57.60 (51.9-63.2) 56.73 (54.1-59.2)
10 51.20 (46.6-55.8) 54.71 (51.6-57.8)

Lobar ICH
50° 60.71 (41.6-77.4) 61.13 (59.0-63.0)
40 54.29 (37.8-70) 60.49 (58.1-62.8)
33 (Standard) 54.76 (39.7-69.1) 57.47 (55.4-59.4)
30 56.82 (42.3-70.4) 60.92 (58.2-63.4)
20 56.25 (44.8-67.2) 61.71 (58.4-64.9)
10 55.06 (45.9-63.9) 62.14 (58.2-66.0)

Abbreviations: HE = hematoma expansion; ICH = intracerebral hemorrhage.
@ Threshold best associated with 3-month outcomes.
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Table 4 Area under curve of relationship of hematoma
expansion with 3-month outcomes stratified by

location
Location AUC 95% Cl p Value
Deep 0.63 0.59-0.64 <0.0001
Lobar 0.58 0.55-0.61 <0.0001

Abbreviations: AUC = area under the curve; Cl = confidence interval.

excluded, we identified HE in =16% of the overall cohort,
reflecting a patient population at risk for undertreatment
of HE.

However, in addition to identifying significant demographic
and baseline clinical heterogeneity between patients with
deep and those with lobar ICHs, we identified that patients
experiencing deep ICH had a higher likelihood of HE com-
pared to those with lobar ICH. Although this finding may
suggest that ICH location could be viewed as a novel risk
factor associated with HE, it is necessary to highlight that we
noted an attenuation of the association of deep ICH location
with increased odds of HE after adjusting for time from
symptom onset to admission CT in a subgroup of patients
with these available data. This time covariate is well known to
be associated with HE. While there were no significant in-
tergroup differences in symptom onset to admission CT
times, it is possible that this important time variable played a
role in our cohort’s findings. Conversely, it is also possible that
we identified this attenuated relationship in this subgroup
analysis due to limitations of the smaller subgroup sample size
given that only 50% of the original cohort had available data
on this time covariate.

There have not been consistently identified HE differences
between deep and lobar ICH:s in prior studies,>>'*"?
uncertain whether these studies have been limited by afore-
mentioned sample size issues or the use of absolute HE
thresholds (>6 mL) in comparisons of groups with largely
different baseline hematoma volumes.'"'>
analysis, which did not incorporate data on times from
symptom onset to admission CT as a covariate, we identified
increased odds of HE regardless of the definition of HE used.
Yet, it is worth noting that the effect of deep ICH location on
HE seemed to vary when absolute HE thresholds (>6 mL)
were used. This variation was seen in our unadjusted and
adjusted models evaluating the relationship of ICH location
on HE defined as (1) >6 mL and (2) >33% or >6 mL. This
may suggest the limitations of the use of >6 mL HE thresholds
in analyses of groups with different baseline hematoma vol-
umes. Finally, when looking at HE as a continuous measure of
absolute growth rather than a binary threshold, it appeared
that deep ICH had less absolute growth (in milliliters) com-
pared to lobar ICH. With deep ICH typically being smaller
than lobar ICH, it is not surprising that the absolute HE

and it is

In our primary
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growth measurements would be less in deep locations. It
could be posited from our data that while deep ICHs en-
countered HE (defined as a binary variable) more often, the
extent of absolute expansion (in milliliters) was less than in
lobar ICH, but its effect is still substantial on outcome.

When investigating relative percent HE thresholds best as-
sociated with poor 3-month outcomes, we identified that
patients with deep ICH required smaller relative HE growth
compared to lobar ICH. Specifically, 30%, or 2.7 mL, of HE
was most strongly associated with poor 3-month outcomes in
deep ICH compared to the 50%, or 10.5 mL, of HE required
for lobar ICH. It is possible that because of the high density of
corticospinal tracts in deep locations, less HE here will create
greater impacts on clinical outcome compared to lobar loca-
tions where corticospinal tracts are further dispersed. How-
ever, it is important to highlight that while we attempted to
weigh sensitivities and specificities to create the most optimal
and smallest threshold of HE associated with poor outcomes,
the overall sensitivities and specificities of HE predicting poor
outcomes in our cohort were low, and the separation between
thresholds was poor. This necessitates external validation of
our findings to assess whether HE thresholds stratified by
location will be a more appropriate outcome measure in fu-
ture studies.

Similar to prior data, we identified associations of deep ICH
location with poor 3-month outcomes.” Although prior lit-
erature has attributed the association of deep ICH location
and poor outcome primarily to regions of anatomic injury,
we discovered that this relationship was mediated in part by
HE. This suggests the need to consider that location-based
outcome heterogeneity may be driven in part by radio-
graphic HE heterogeneity. Whether the mechanism behind
these HE differences is simply driven by patients with deep
ICH presenting more rapidly to hospital settings or true
hemostatic differences between deep and lobar locations
requires further clarification. External investigation using a
post hoc analysis of a clinical trial cohort in which clear, rapid
symptom onset times are required for inclusion would clarify
our findings.

However, our nontrial cohort may be a better representation
of general patients with ICH seen in clinical practice. Deep
ICH has consistently been shown to have faster presentation
times given the dramatic clinical symptom presentation in
these patients compared to the more nonspecific symptoms
resulting from lobar ICH. With patients with lobar ICH
presenting in a more delayed fashion, their risk of HE may
have passed by the time of their initial ICH diagnosis, and our
data may suggest that a much larger amount of HE is required
to affect their outcomes. With smaller HE required to create
worse outcomes in deep ICH, patients with deep ICH appear
to be a particularly vulnerable patient population who may
benefit from more aggressive treatments in both clinical
practice and research studies.
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If our location-based HE differences are not merely due to
time-based differences in symptom onset to presentation, the
underlying mechanism behind our findings is unclear. It is
plausible that there may be inherent coagulation differences
between ICH locations (or etiologies) not identifiable with
traditional plasma-based coagulation tests. Recent literature
suggests that patients with deep ICH have slower, suboptimal
clotting kinetics compared to patients with lobar ICH seen
using whole-blood coagulation testing.'®'” Separately, while
we adjusted for SBP differences in our studyj it is still possible
that blood pressure may play a role. It can be hypothesized
that deep lenticulostriate arteriolar rupture is under higher
pressure than more lobar arteries given dilution of arterial
pressure burden over longitudinal segments of distal lobar
arterioles. This would result in more HE in deep compared to
lobar locations due to blood pressure gradient differences
across the cerebral circulation. Although the mechanism be-
hind our findings is still unknown, at the very least, our data
confirm that deep ICHs and lobar ICHs are very different,
heterogeneous disease processes that require acknowledg-
ment in future studies.

Our study has several strengths, including a large multicenter,
multiethnic cohort; prospective collection of data; and a
blinded, centralized imaging adjudication. Several limitations
also require acknowledgment. As stated, there were significant
missing data on symptom onset to admission CT times. There
was also a 14% loss to 3-month follow-up, and it is worth
noting that these patients were more likely older patients with
lobar ICH locations and more severe ICH (greater baseline
ICH volume and worse ICH scores), potentially subjecting
the inclusion sample to bias. However, there were no striking
differences in the relationship of ICH location with outcomes
when the more complete dataset was used in terms of dis-
charge outcomes. In addition, there was a large exclusion
group due to the absence of follow-up CT scanning, which
subjected our cohort to selection bias. Patients with ICH at
the extremes of clinical presentation who either are too sick or
have minimal clinical symptoms will often not receive follow-
up imaging, and this may prevent our analyzed cohort from
being a truly representative sample of patients with ICH seen
in the general population. In our cohort, it appeared that our
missing data were driven by the latter, with more patients with
lobar ICH and subsequently less IVH missing follow-up CT
(data not shown). We also recognize the limitation that our
cohort was subject to unmeasured confounding and did not
include data on CT angiographic spot-sign testing or patients
with cerebellar/brainstem ICH. Furthermore, we did not in-
vestigate the role of blood pressure treatment effect, ICH
etiology (cerebral amyloid vs hypertension or others), or
APOE on HE. While the diagnostic workup required to obtain
optimal ICH etiology assessment may not be feasible for
hyperacute HE management strategies, a look into ICH eti-
ologies, locations (while including cerebellar location) using
Boston criteria, and genetics data may be beneficial to clarify
potential mechanistic explanations for our findings.
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We identified significant differences in baseline characteris-
tics, radiographic HE outcomes, and clinical outcomes be-
tween deep and lobar ICHs. While our findings of HE being
more frequent in patients with deep ICH may be driven by
differences in symptom onset to admission times, we in ad-
dition identified that less HE may be required to create worse
clinical outcomes in deep compared to lobar ICH. This sug-
gests that patients encountering deep ICH may be particularly
vulnerable to the deleterious effects of HE. Further work is
required to investigate mechanistic drivers for our findings
and whether future HE treatment strategies need to account
for ICH location moving forward.
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