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Abstract

Background/Purpose: Primary intracerebral hemorrhage (ICH) studies often use hematoma location rather than ICH
etiologies when assessing outcome. Characterizing ICH using hematoma location is effective/reproducible, but may
miss heterogeneity among these ICH locations, particularly lobar ICH where competing primary ICH etiologies are
possible. We subsequently investigated baseline characteristics/outcome differences of spontaneous, primary ICH by
their etiologies: cerebral amyloid angiopathy (CAA) and hypertension.

Methods: Primary ICH clinical/outcomes data were prospectively collected between 2009 and 2015. Modified Bos-
ton criteria were used to identify “probable/definite” and “possible” CAA-ICH, which were evaluated separately. SMASH-
U criteria were used to identify hypertension ICH. Medication and systemic disease coagulopathy ICH were excluded.
Baseline characteristics/outcomes among “probable/definite” CAA-ICH, “possible” CAA-ICH, and hypertension ICH were
compared using logistic regression. Mortality models using ICH etiologies compared to hematoma location as predic-
tor variables were assessed.

Results: Two hundred and four hypertension ICHs, 55 “probable/definite” CAA-ICHs, and 46 “possible” CAA-ICHs were
identified. Despite older age and larger ICH volumes, lower hospital mortality was seen in “probable/definite” CAA-
ICH versus hypertension ICH (OR 0.2; 95% Cl 0.05-0.8; p = 0.02) after adjusting for female gender, components of ICH
score, and EVD placement. There were no mortality differences between “possible” CAA-ICH and hypertension ICH.
However, lower hospital mortality was seen in“probable/definite” versus “possible” CAA-ICH (OR 0.2; 95% Cl 0.04-0.7;
p = 0.02). When using ICH etiology rather than hematoma location, hospital mortality models significantly improved
(¢ [df = 2, N =305] = 6.2; p = 0.01).

Conclusions: Further investigation is required to confirm the mortality heterogeneity seen within our primary ICH
cohort. Hematoma location may play a role for these findings, but the mortality differences seen among lobar ICH
using CAA-ICH subtypes and a failure to identify mortality differences between “possible” CAA-ICH and hypertension
ICH suggest the limitations of accounting for hematoma location alone.
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Introduction

Cerebral amyloid angiopathy intracerebral hemorrhage
(CAA-ICH) is a common etiology of lobar ICH in the
elderly due to f-amyloid deposition in cortical and lep-
tomeningeal arteries. Hypertension is a common etiol-
ogy of deep ICH, but can also cause lobar ICH due to
degeneration of small perforating end arteries resulting
in lipohyalinosis and arteriosclerosis [1]. Despite lobar
ICH having these competing etiologic diagnoses, primary
ICH studies often categorize ICH by hematoma location
as location has become an increasingly recognized factor
in outcome/mortality [2, 3]. Subsequently, primary ICH
has often become simplified to CAA-ICH: lobar, hyper-
tension ICH: deep.

However, by using ICH location over ICH etiology
categorization, it is assumed that ICH location primar-
ily drives outcome differences seen between ICH etiolo-
gies and that baseline characteristic/outcomes are similar
within ICH locations. Studies evaluating ICH by etiology
rather than ICH location have shown outcome differ-
ences between groups, but these were largely driven by
differences in medication and systemic disease coagu-
lopathy etiologies and no differences were seen between
CAA-ICH and hypertension ICH [4]. However, it is dif-
ficult to assess whether there truly are no outcome dif-
ferences between CAA-ICH and hypertension ICH as
many of these studies included “possible” CAA-ICH
using Boston criteria when analyzing CAA-ICH. Though
sensitive, “possible” CAA-ICH has suboptimal specificity
for CAA but is often included in CAA-ICH analysis [5].
We subsequently sought to evaluate risk factors and out-
comes among CAA and hypertension ICH, specifically in
the absence of therapeutic anticoagulation and systemic
disease coagulopathy while accounting for differences in
diagnostic specificities of Boston criteria. Additionally,
we compared mortality models using predictor variables:
ICH etiology versus hematoma location.

Methods

Primary ICH was analyzed from an ongoing prospective
cohort study of ICH patients admitted to Columbia Uni-
versity Medical Center. This institutional review board
approved study: ICH Outcomes Project (ICHOP), col-
lects demographics, clinical/neuroimaging character-
istics, ICH etiology, interventions, and outcomes which
are adjudicated by consensus in weekly meetings of study
physicians. Further details regarding ICHOP have been
described previously [6]. Informed consent was obtained
by patients/family.

Patient Selection and Data Collection
Adult (> 18 years old) ICH patients were enrolled
in ICHOP between 2009 and 2015. Traumatic ICH,

hemorrhagic conversion of ischemic stroke, subarach-
noid hemorrhage, subdural/epidural hematoma, and
secondary ICH were excluded. Four hundred and twenty-
five spontaneous, primary ICHs within ICHOP were
identified. CAA-ICH was diagnosed based on modified
Boston diagnostic criteria [5, 7] (Supplement 1). Given
the lower diagnostic specificity of “possible” CAA-ICH
(compared to excellent specificity of “probable” and
“definite” CAA-ICH) [5], this was assessed separately
from “definite/probable” CAA-ICH. Hypertension ICH
was diagnosed using SMASH-U criteria (pre-ICH blood
pressure > 160/100 mmHg either on or off antihyperten-
sive therapy, mention of pre-ICH elevated blood pres-
sure with left ventricular hypertrophy, or pre-ICH use of
blood pressure medication) [4]. Lobar and deep hemor-
rhages that did not meet criteria for CAA and hyperten-
sion ICH, respectively, were adjudicated as “unknown”
etiology and excluded. ICH patients with systemic
disease coagulopathy or therapeutic anticoagulation
(defined as warfarin with INR > 2, novel oral anticoagu-
lants within 3 days, or therapeutic heparin per SMASH-
U criteria) [4] were also excluded to effectively compare
outcomes between only CAA and hypertension ICH
without any confounding medication or systemic disease
effect on outcome.

Patients were managed according to American Heart
Association/American Stroke Association. Stroke guide-
lines [8] and enrolled prior to the release of ATACH2 [9].
Treatment involved strict systolic blood pressure con-
trol < 140 mmHg, appropriate reversal of antithrombotic
medications, extraventricular drain (EVD) placement for
hydrocephalus or intraventricular hemorrhage (IVH),
and hemicraniectomy =+ clot evacuation for refractory
elevated intracranial pressure. Medical (hemorrhage
reversal transfusions, hyperosmolar therapy) and surgical
interventions (hemicraniectomy, hematoma evacuation,
EVD) were prospectively recorded.

ICH was diagnosed via admission non-contrast head
computed tomography, and semiautomatic hematoma
size measurements (MIPAV, NIH: Bethesda, MD) were
obtained. An MRI was obtained where structural lesions
or CAA-ICH was suspected. Modified Rankin Scale out-
comes were obtained at discharge. Full methodological
details have been described previously [6].

Statistical Analysis

Analyses were performed using SPSS (ver23). Inter-
group differences were determined using Mann—Whit-
ney U or ¢ test for continuous variables and Chi-square
or Fisher exact test for categorical variables. Univariable
differences were entered into logistic regression mod-
els to determine associations with “probable/definite”
CAA-ICH, hypertension ICH, and “possible” CAA-ICH.
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Additional logistic regression models assessed ICH etiol-
ogy association with mortality after adjusting for estab-
lished covariates of ICH outcome [10] and significant
intergroup differences. Model performance using hema-
toma location (lobar vs non-lobar) versus ICH etiology
(“probable/definite;” “possible” CAA-ICH, hypertension
ICH) as predictor variables for mortality was performed
via — 2 log-likelihood statistic. Statistical significance was
judged at p value < 0.05.

Results

Study Population

Of 425 primary ICH patients, 305 spontaneous, small-
vessel disease (non-anticoagulated) ICH patients were
identified (Fig. 1). One hundred and one (33%) CAA-ICH
(55 “probable/definite” and 46 “possible”) and 204 (67%)
hypertension ICHs were identified with intergroup com-
parisons as shown in Table 1. No differences in sever-
ity scores, medication use (antiplatelet, sub-therapeutic
anticoagulant, statins), do not resuscitate, or withdrawal
of care were seen between groups.

Among the 46 “possible” CAA-ICH patients, 20
received an magnetic resonance imaging (MRI) scan
and 3 received an MRI with intraoperative biopsy with-
out evidence of CAA. All patients with “possible” CAA-
ICH that received MRI did not have any evidence of
lobar microbleeds. An MRI was obtained in all but 3
patients with “probable/definite” CAA-ICH (all MRIs
had evidence of lobar microbleeds). The 3 “probable”
CAA-ICH patients that did not receive MRI had intraop-
erative (non-autopsy) pathological evidence of CAA. Of

204 hypertension ICHs, 186 (91%) had a prior diagnosis
of hypertension, and the other 18 (9%) had reports of
uncontrolled blood pressure with left ventricular hyper-
trophy on echocardiogram. One hundred and five (51%)
of the hypertension ICH patients received MRI.

“Probable/Definite” CAA-ICH Versus Hypertension ICH
Multivariable logistic regression revealed older age (OR
1.1; 95% CI 1.03-1.1; p < 0.0001), prior ICH (OR 4.1;
95% CI 1.3-12.6; p = 0.01), lower hypertension (OR 0.2;
95% CI 0.1-0.5; p = 0.001) were associated with “prob-
able/definite” CAA-ICH compared to hypertension ICH.
Female predominance in the “probable/definite” CAA-
ICH group was not significant (OR 1.9; 95% CI 0.94-3.8;
p = 0.07). Hematoma size was significantly larger in
“probable/definite” CAA-ICH compared to hypertension
ICH (21 vs 7 mL) (Table 1).

There were expected ICH location differences between
“probable/definite” CAA-ICH and hypertension ICH.
The majority of hypertension ICHs were deep (82%), fol-
lowed by infratentorial (12%), and brainstem (6%). No
infratentorial CAA-ICH was identified using Boston
criteria, and all “probable/definite” CAA-ICH patients
were lobar in location. Subsequently, “probable/definite”
CAA-ICH had lower IVH and EVDs compared to hyper-
tension ICH, but no other surgical/medical intervention
differences were seen. Multivariable logistic regression
revealed lower hospital mortality in “probable/definite”
CAA-ICH compared to hypertension ICH (OR 0.2; 95%
CI 0.05-0.8; p = 0.02) after adjusting for female gender,
EVD differences, and known predictors of ICH mortality

425 Primary-ICH patients between
2009-2015

305 Small-vessel ICH patients
(CAA vs hypertension)

121 Excluded:
60 Medication related ICH
23 Systemic disease related ICH
38 Unknown etiology ICH

| !

}

| 204 Hypertensive-ICH |

2 ‘Definite’

47 ‘Probable’

55 “Probable/definite” CAA-ICH

6 ‘Probable with pathologic evidence’

| 46 “Possible” CAA-ICH

Fig. 1 Patient selection and screening

ICH: Intracerebral hemorrhage; CAA: Cerebral Amyloid Angiopathy
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Table 1 Characteristics of patients with “probable/definite” CAA-ICH versus “possible” CAA-ICH versus hypertension ICH

White 84 (28) 23 (42) 14 (30) 47 (23) 2.4(1.3-4.5) 1.5(0.7-3.5) 1.5(0.7-3)
Black 86 (28) 12 (22) 17 (37) 57 (28) 0.7 (04-1.5) 0.5 (0.2-1.1) 14(0.7-2.8)
Hispanic 115(38) 20 (36) 12 (26) 83 (41) 0.8 (0.5-1.5) 1.8 (0.7-4.1) 0.5 (0.3-1.1)

Dyslipidemia 94 (31) 23 (42) 8(17) 63 (31) 1.7 (0.9-3.1) 3.5(1.4-9) 0.5(0.2-1.1)
Coronary artery 41 (13) 10 (18) 5(11) 26 (13) 1.6(0.7-3.5) 1.6 (0.5-5.3) 0.9(0.3-24)
disease
Atrial fibrillation 18 (6) 1(2) 4(9) 13 (6) 0.3 (0.04-2.2) 0.2 (0.02-1.8) 1.4 (04-4.6)
| HstoryoficH 200 80 3 9@ 38014103} 250610 16045
Hypertension 263 (87) 40 (73) 37 (80) 186 (91) 0.3 (0.1-0.5)* 0.6 (0.2-1.6) 04 (0.2-1)
Diabetes 85 (28) 10 (19) 9 (20) 66 (32) 0.5 (0.2-1) 0.9(0.3-2.5) 0.5 (0.2-1.1)

Admit SBP: 188 (36) 172 (31) 174 (31) 195 (36) 0.98 (0.97-0.99) 1(0.98-1.01) 0.98 (0.97-0.99)
mean (SD)

Admit DBP: 101 (24) 88 (19) 90 (21) 105 (24)  0.96 (0.95-0.98) 1(0.98-1.02) 0.97 (0.95-0.98)
mean (SD)

GCS: median 11(7-15) 11.5(8-14) 12 (5-14) 11(6-15) 1.03(0.96-1.1) 1.04 (0.9-1.2) 0.99 (0.93-1.1)
(IQR)

ICH score: 2(1-3) 15(1-3) 2(1-3) 2(1-3) 0.9(0.7-1.2) 0.8 (0.6-1.1) 1.2 (0.9-1.5)
median (IQR)

ICH volume 13 (4-34) 21 (10-50) 32(18-78) 7(3-24) 1.02(1.01-1.03) 0.98 (0.98-1) 1.02(1.01-1.03)
(mL): median

IVH: N (%) 141 (46) 12 (22) 18 (39) 111 (54) 0.2 (0.1-0.5) 0.5 (0.2-1.3) 0.5 (0.2-0.9)

IVH volume (mL): 0.1 (0-6.7) 0 (0-0.5) 0(0-2.7) 15(0-12) 0.8(0.7-0.9) 0.9 (0.7-1) 0.96 (0.9-0.99)
median

Statistical analysis shown reveals univariate analysis; bolded values reveal significance in univariate analysis

CAA cerebral amyloid angiopathy, DNR do-not-resuscitate, HTN hypertensive, ICH intracerebral hemorrhage, SD standard deviation, /QR interquartile range, OR odds
ratio, Cl confidence interval, GCS Glasgow coma scale, IVH intraventricular hemorrhage, EVD extraventricular drain, LOS length of stay

*Probable/definite CAA-ICH versus HTN-ICH mutivariable logistic regression: age (OR 1.1; 95% Cl 1.03-1.1; p < 0.0001), prior ICH (OR 4.1; 95% Cl 1.3-12.6; p = 0.01),
history of hypertension (OR 0.2; 95% Cl 0.1-0.5; p = 0.001)

* Possible CAA-ICH versus HTN-ICH multivariable logistic regression: age (OR 1.06; 95% Cl 1.03-1.1; p < 0.0001), female gender predominance (OR 3.5; 95% Cl 1.7-7.1;
p=0.001)

from ICH score: age > 80, ICH volume > 30 mL, Glasgow  “Possible” CAA-ICH Versus Hypertension ICH
Coma Scale (GCS) < 13, infratentorial location, and IVH  Multivariable logistic regression revealed older age (OR
(Table 2). 1.06; 95% CI 1.03-1.1; p < 0.0001) and increased odds
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Table 2 Predictors of hospital mortality

Probable/definite CAA versus HTN-ICH*
Possible CAA versus HTN-ICH*
Probable/definite versus possible CAA-ICH (lobar ICH only)

Lobar versus non-lobar ICH (including brainstem and infratentorial location)

Lobar versus deep ICH (brainstem and infratentorial location excluded)

0.2 0.05-0.8 0.02
1.1 04-3.1 0.9
0.2 0.04-0.7 0.02
0.6 03-14 0.3
06 0.2-14 0.2

Each model was adjusted for female gender in addition to components of ICH score: ICH volume > 30 mL, age > 80, Glasgow Coma Scale < 13, intraventricular
hemorrhage, and infratentorial location (this was left out of model for lobar CAA-ICH comparison and for lobar versus deep ICH comparison). EVD was also adjusted
for in models comparing “probable/definite” CAA-ICH to hypertension ICH and “possible” CAA-ICH to hypertension ICH

CAA cerebral amyloid angiopathy, Cl confidence interval, ICH intracerebral hemorrhage, OR odds ratio

*Hypertension ICH included patients with deep in addition to infratentorial and brainstem locations

of female gender (OR 3.5; 95% CI 1.7-7.1; p = 0.001) in
“possible” CAA-ICH compared to hypertension ICH
(Table 1). Similar to “probable/definite” CAA-ICH, larger
hematoma sizes and less IVH and EVD placements were
seen in “possible” CAA-ICH compared to hypertension
ICH. However, logistic regression did not identify hos-
pital mortality differences between “possible” CAA-ICH
and hypertension ICH (OR 1.1; 95% CI 0.4-3.1; p = 0.9)
after adjusting for female gender, EVD placement, and
the same covariates and components of ICH score
(Table 2).

Lobar ICH: “Probable/Definite” Versus “Possible” CAA-ICH
Outside of dyslipidemia, no risk factor differences were
identified when evaluating lobar ICH, specifically “prob-
able/definite” and “possible” CAA-ICH. However, “prob-
able/definite” CAA-ICH unexpectedly had smaller
hematoma volumes (21 vs 32 mL) compared to “possible”
CAA-ICH. No EVD/IVH differences were seen (Table 1).
Logistic regression revealed lower hospital mortality in
“probable/definite” compared to “possible” CAA-ICH
(OR 0.2; 95% CI 0.04—0.7; p = 0.02) after adjusting for the
same covariates and components of ICH score (Table 2).

Mortality models using ICH location (2 separate ICH
location definitions used: (a) lobar versus non-lobar:
defined as brainstem, infratentorial, and deep; (b) lobar
versus deep only) as a predictor variable did show lower
mortality in lobar ICH but was not statistically signifi-
cant (Table 2). However, when substituting ICH etiology
instead of ICH location, the model significantly improved
(* (df =2, N=305) = 6.2; p = 0.01) in assessing associa-
tions with hospital mortality.

Discussion

We identified different baseline characteristics/out-
comes when comparing “probable/definite” CAA-ICH
to both hypertension ICH and “possible” CAA-ICH. Our
cohort’s overall ICH hospital mortality of 20% was better

than previously reported outcomes [11] likely due to the
exclusion of medication/systemic disease coagulopa-
thy ICH from the analysis. Despite this, our cohort had
similar vascular risk factors as compared to other ICH
cohorts [12], but higher proportions of black (29%) and
Hispanic (38%) patients were seen [12, 13]. Even with this
diversity, our comprehensive adjudication process for
ICH etiology resulted in a similar distribution of modi-
fied Boston criteria subcategories compared to previ-
ously validated, predominantly white CAA-ICH cohorts
[14]. Although “probable” and “definite” CAA-ICH have
excellent diagnostic specificities, “possible” CAA-ICH’s
60% specificity (potentially lower in multiethnic cohorts)
may cause inadvertent inclusion of non-CAA-ICH to
CAA-ICH analysis which we forwent by analyzing “pos-
sible” CAA-ICH separately.

All CAA-ICH (both “probable/definite” and “possi-
ble”) patients had lobar ICH location and no infratento-
rial/cerebellar ICH patients were identified as CAA-ICH
within our cohort. CAA-ICH patients were expect-
edly older given age > 55 requirements in the diagnos-
tic framework of the Boston criteria. However, female
gender was associated with “possible” CAA-ICH (and
approached statistical significance for “probable/defi-
nite” CAA-ICH) when compared to hypertension ICH
even after adjusting for age. Although prior population-
based studies have shown lower overall ICH incidence in
females, these gender-related differences are complex as
they depend on age, ethnicity, and hematoma location.
Our findings may be analogous to European studies on
gender-related differences in ICH that have shown asso-
ciations of female gender to lobar ICH [15].

Despite larger hematoma size and older age, “probable/
definite” CAA-ICH had lower hospital mortality com-
pared to hypertension ICH unrelated to any differences in
clinical severity or withdrawal-of-care/do-not-resuscitate
orders. There were no differences in mechanical ventila-
tion, hospital length of stay, other clinical characteristics,
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or treatment with the exception of lower IVH and EVD
placement in “probable/definite” CAA-ICH compared to
hypertension ICH. Though these IVH/EVD differences
may suggest the inherent importance of deep ICH loca-
tion driving these hospital mortality differences [4, 12],
these IVH/EVD differences were adjusted for and “prob-
able/definite” CAA-ICH continued to be independently
associated with less hospital mortality.

Additionally, “possible” CAA-ICH, despite having
similarly lower IVH and EVD placement, did not have
lower hospital mortality compared to hypertension ICH.
Though the lower EVD placement among “possible”
CAA-ICH patients encountering IVH may argue for the
possibility of less aggressive measures taken in this group
(contributing to the higher mortality seen), there were
no differences in withdrawal-of-care or do-not-resus-
citate orders seen. Furthermore, the aforementioned
lower EVD placement in “possible” CAA-ICH may have
been attributable to the lower IVH volume in this group
compared to hypertension ICH not necessitating EVD
placement.

Further suggesting that location was not the sole driv-
ing factor for mortality in our cohort was our subgroup
analysis of modified Boston criteria diagnostic sub-
groups: “probable/definite” versus “possible” CAA-ICH.
This “inter-lobar” ICH location comparison revealed
lower mortality in “probable/definite” compared to “pos-
sible” CAA-ICH. Lastly, when evaluating hospital mor-
tality by ICH location, rather than ICH etiology as a
predictor variable, no significant associations were iden-
tified reiterating the heterogeneity of lobar ICH that may
be inadequately captured by characterizing lobar ICH by
location alone.

Limitations of our study included its single-center
design, paucity of pre-admission neuroimaging, absent
Apolipoprotein E genotyping, lack of postmortem
examinations, lack of validation or testing of etiologic
frameworks used, inherent significant interaction of
ICH-etiology and location (given that all our CAA-ICH
patients were lobar), and high volumes of outside hospi-
tal transfers which may not reflect a community-based
ICH sample. Furthermore, our strict inclusion of only
CAA and hypertension ICH created a large exclusion
group. Specifically, the medication-related coagulopathy
ICH etiology subgroup often includes patients that do
have underlying CAA or hypertension ICH. However,
given our focus on risk factors and outcome, this group
was excluded to account purely for CAA or hyperten-
sion etiologies for outcome. Age diagnostic requirements
for CAA-ICH (age > 55) were an inherent limitation
that contributed to the older ages seen in our CAA-ICH
cohort, but age adjustment was performed for all statis-
tical models. Lastly, specific quantitative MRI analysis of

markers of small-vessel disease was lacking from our cur-
rent dataset in addition to the often seen bias that MRI
was more frequently obtained in lobar ICH compared to
deep ICH.

Conclusion

Given our findings, further investigation is warranted
to confirm the risk factors, clinical/radiographic char-
acteristics, and outcome differences seen in our cohort
that distinguish “probable/definite” CAA-ICH from both
hypertension ICH and “possible” CAA-ICH. The hetero-
geneity of lobar ICH in our cohort requires further study
to better identify etiology among those with a “possible”
CAA-ICH designation. This may emphasize the impor-
tance of evaluating lobar ICH by etiology rather than
location alone in future studies.
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