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NEUROLOGIC CRITICAL CARE

Admission Hemoglobin Levels Are Associated
With Functional Outcome in Spontaneous

Intracerebral Hemorrhage

OBIJECTIVES: To test the hypothesis that admission hemoglobin lev-
els are associated with outcome in primary, nontraumatic intracerebral
hemorrhage.

DESIGN: Individual patient data meta-analysis of three studies of intrace-
rebral hemorrhage.

SETTING: Two randomized clinical trials and one multiethnic observa-
tional study.

PATIENTS: Patients with spontaneous,
hemorrhage.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Our exposure of interest
was admission hemoglobin levels and the primary outcome was 3-month
postintracerebral hemorrhage-dichotomized modified Rankin Scale (0-3
vs 4-6). Intermediate outcomes were admission hematoma volume and
hematoma expansion defined as 6 mL or 33% increase in hemorrhage size
on repeat CT. A total of 4,172 intracerebral hemorrhage patients were in-
cluded in the study (mean age 63 [sp = 14]; female sex 1,668 [40%)]).
Each additional g/dL of admission hemoglobin was associated with 14%
(odds ratio, 0.86; 95% CI, 0.82-0.91) and 7% (odds ratio, 0.93; 95%
Cl, 0.88-0.98) reductions in the risk of poor outcome in unadjusted and
adjusted analyses, respectively. Dose-response analyses indicated a linear
relationship between admission hemoglobin levels and poor outcome
across the entire evaluated range (test-for-trend p < 0.001). No consistent
associations were found between the admission hemoglobin levels and
hematoma volume or hematoma expansion.

CONCLUSIONS: Higher hemoglobin levels are associated with better
outcome in intracerebral hemorrhage. Further research is needed to eval-
uate admission hemoglobin levels as both a therapeutic target and pre-
dictor of outcome.

nontraumatic intracerebral

KEY WORDS: anemia; cerebral hemorrhage; Glasgow Coma Scale;
hemoglobin A; meta-analysis; prognosis

astating condition with high morbidity and mortality (1) and few

therapeutic interventions available (2). One strategy to accelerate the
development of new therapies is to study biological pathways routinely eval-
uated in the acute setting that already have safe and effective interventions
available (3, 4).

E ; pontaneous, nontraumatic intracerebral hemorrhage (ICH) is a dev-
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Low-admission hemoglobin (Hb) levels are associ-
ated with worse outcomes in acute coronary syndrome
(5) and ischemic stroke (6) and may also play a role in
hemorrhagic stroke. A few small, single-center stud-
ies have found associations between low admission Hb
(7-10) and anemia (9, 11-16) and increased morbidity
and mortality in ICH. Proposed mechanisms that
would explain this relationship with worse outcome
include impaired cerebral oxygen delivery (17) and
coagulopathy (18, 19) leading to ICH expansion (10),
a powerful predictor of poor outcome (20). Although
promising, the existing evidence is limited by the small
sample size of existing studies.

We, therefore, aimed to evaluate the relationship be-
tween the admission Hb levels and outcome in patients
with ICH across multiple studies of this condition, all
with excellent ascertainment quality for the collected
data. We hypothesize that higher admission Hb levels
are associated with better outcomes in these patients.
We conducted an individual participant data (IPD)
meta-analysis of over 4,000 ICH patients enrolled in
the Antihypertensive Treatment of Acute Cerebral
Hemorrhage 2 (ATACH-2) clinical trial (21), the Factor
Seven for Acute Hemorrhagic Stroke (FAST) clinical trial
(22), and the Ethnic/Racial Variation in Intracerebral
Hemorrhage (ERICH) observational study (23).

MATERIAL AND METHODS
Study Design

We performed an IPD meta-analysis (24) across the
ATACH-2, FAST, and ERICH studies. Details about the
design and inclusion/exclusion criteria of these stud-
ies are available elsewhere (21-23). Briefly, ATACH-2
(NCT01176565) randomized 1,000 ICH patients with
elevated systolic blood pressure (> 180mm Hg) pre-
senting within 4.5 hours of symptom onset to inten-
sive or standard blood-pressure lowering treatment.
FAST (NCT00127283) randomized 841 ICH patients
presenting within 4 hours of symptom onset to receive
recombinant activated factor 7 or placebo. ERICH
(NCT01202864) enrolled 3,000 ICH patients, including
equal proportions of Whites, Blacks, and Hispanics.

Standard Protocol Approvals, Registrations, and
Patient Consents

Each study included was approved by the appropriate
Institutional Review Boards and written informed
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consent was obtained from each participant or each
participant’s legal representative.

Definition of ICH

All studies enrolled patients with a primary, nontrau-
matic ICH, defined as an acute neurologic deficit with
associated new intraparenchymal blood documented
on neuroimaging. ICH cases secondary to tumors, vas-
cular malformations, or hemorrhagic conversion of an
ischemic stroke were excluded.

Exposure and Outcome

Our exposure of interest was baseline Hb levels, as
measured on routine admission laboratories. Hb mea-
surements were converted to mg/dL. Patients miss-
ing admission Hb levels or 3-month outcome data
were excluded. Our primary outcome was functional
outcome 3 months after the ICH, as measured by the
modified Rankin scale (mRS). The mRS is a 7-point
ordinal scale with 0 corresponding to full recovery and
6 corresponding to death (25).

Neuroimaging Analysis

Baseline and follow-up head CT scans were obtained
in all three studies. The determination of ICH location,
ICH volume, and intraventricular hemorrhage (IVH)
presence was performed centrally by blinded investiga-
tors in each study. ICH volumes were measured using
manual or semiautomatic segmentation of the paren-
chymal hematoma. ICH location was classified as lobar
or nonlobar, as the former is mainly linked to cerebral
amyloid angiopathy and the latter to long-standing
hypertension (26). Nonlobar hemorrhages included
those compromising the thalami or basal ganglia and
those located below the tentorium and primary IVHs.
Hematoma expansion was defined as 6 mL or 33% in-
crease in hemorrhage size on a follow-up scan (24hr
after the initiation of treatment in ATACH-2 and FAST
trials and the first available repeat neuroimaging study
in ERICH).

Statistical Methods

Categorical variables are presented as count (%) and
continuous variables as mean (sp) or median (inter-
quartile range), as appropriate.
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Exposure and Outcome Modeling. We modeled ad-
mission Hb levels as a continuous variable and func-
tional outcome as a dichotomous variable, defining
good outcome as mRS 0-3 and poor outcome as 4-6
(25, 27). In sensitivity analyses, we dichotomized Hb
values as anemia (< 12 mg/dL for women and < 13 mg/
dL for men) or no anemia. For analysis involving in-
termediate neuroimaging endpoints, we modeled ICH
volume as a continuous variable and ICH expansion as
a dichotomous variable.

Association Testing. The primary analyses in-
volved a one-stage IPD meta-analysis, implement-
ing multivariable, mixed-effects logistic regression
modeling to test for association between the admis-
sion Hb levels and outcome. As a secondary anal-
ysis, we conducted a two-stage IPD meta-analysis,
fitting multivariable logistic regression models for
each study separately, with subsequent pooling of
study-specific results using fixed-effects and ran-
dom-effects (with inverse-variance weighting) meta-
analyses. Multivariable models included universal
confounders (gender and race), the components of
the ICH score (age, ICH location, ICH volume, pres-
ence of IVH, and Glasgow Coma Scale), and anti-
coagulation (only for ERICH study). We used 1, Q,
and I*to assess heterogeneity. In sensitivity analyses,
we: 1) adjusted for the trial intervention when ana-
lyzing ATACH-2 and FAST data, 2) excluded anti-
coagulated participants from ERICH, 3) included
participants from clinical trials only, 4) included only
participants with prestroke mRS compatible with in-
dependence, 5) analyzed only participants with Hb
levels outside the usual transfusion threshold (7 mg/
dL), and 6) dichotomized outcome as an mRS of 0-2
versus 3-6. In stratified analyses, we evaluated lobar
and nonlobar hemorrhages separately. Finally, we
performed secondary analysis looking at Hb mea-
surements at intermediate time points (24, 48, and
72 hr after randomization) and the change between
baseline and 72 hours in ATACH-2, the only study
with these data available.

Association Testing for Intermediate Neuroimaging
End Points. We used the same analytical approach to
test for association between the admission Hb levels
and admission hematoma volume and hematoma ex-
pansion and further tested if the relationship between
the Hb levels and ICH volume changed after log-trans-
forming ICH volume.

Critical Care Medicine

Dose-Response Analyses. We evaluated the shape
of the dose-response curve between the admission Hb
levels and ICH outcome by estimating the unadjusted
risk of poor outcome across the strata of admission Hb
levels. To assess this dose-response curve further, we
calculated the predicted probabilities of poor outcome
based on our regression models across the strata of the
admission Hb levels using five-fold cross-validation
and used generalized additive models to explore po-
tential ceiling effects.

Data Availability

Anonymized data from the ATACH-2 and ERICH
studies are publicly available via the National Institute
of Neurologic Disorders and Stroke Archive of Clinical
Research Datasets. Anonymized data from the FAST
trial is accessible upon reasonable request from the
study’s sponsor.

RESULTS

A total of 4,841 ICH patients were enrolled in ATACH-
2, FAST, and ERICH. After excluding 669 patients who
had missing data for admission Hb levels or outcome,
a total of 4,172 ICH patients (mean age 63 [sD = 14];
1,668 [40%] were female) were included in the study,
including 905 from ATACH-2, 2,521 from ERICH,
and 746 from FAST (Table 1). There were 976 lobar
(23%) and 3,167 nonlobar (76%) hemorrhages (29
with missing location). The mean admission Hb was
13.8 (1.9) g/dL when considering all studies together,
and 14.3 (1.7), 14.0 (1.6), and 13.6 (2.0), respectively,
when evaluating each study separately (Table 2). Poor
outcomes were observed in 1,940 patients (47%) when
considering all studies, and 346 (38%), 359 (48%),
and 1,235 (49%), respectively, when evaluating each
study separately (Table 2). Among all participants, 770
(18.5%) died.

Admission Hemoglobin Levels and ICH
Outcome

We found a significant association between the higher
admission Hb levels and the lower risk of poor out-
come (Table 3). The primary analysis combining IPD
across studies and implementing multivariable mixed-
effects logistic regression indicated that each addi-
tional g/dL of admission Hb was associated with a 7%
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TABLE 1.
Demographic Characteristics by Study

Ethnic/Racial

Antihypertensive Variations of Recombinant Factor
Treatment of Acute Intracerebral Vlla in Acute
Overall Cerebral Hemorrhage-ll Hemorrhage Intracerebral
Variable (n=4,172) (n =905) (n=2,521) Hemorrhage (n = 746)
Age (yr), mean (sp) 62.56 (13.69) 62.23 (13.03) 62.10 (14.14) 64.57 (12.71)
Female, n (%) 1,668 (40.0) 342 (37.8) 1,047 (41.5) 279 (37.4)
White race, n (%) 1,080 (31.5) 239 (26.4) 841 (33.4) Not applicable
Hypertension, n (%) 3,101 (76.4) 716 (81.2) 1,883 (75.0) 502 (75.3)
Diabetes, n (%) 889 (21.7) 179 (19.8) 625 (24.8) 85 (12.7)
Hyperlipidemia, n (%) 967 (24.2) 217 (25.5) 671 (27.0) 79 (11.8)
Atrial fibrillation, n (%) 316 (7.9) 2 (3.6) 256 (10.5) 28 (4.2)
Ever smoker, n (%) 1,423 (37.1) 399 (44.1) 1,009 (44.5) 15 (2.2)
Anticoagulation, n (%) 287 (6.9) 0 (0.0) 287 (11.4) 0 (0.0)
Lobar intracerebral 976 (23.4) 104 (11.5) 778 (30.9) 94 (13.1)

hemorrhage, n (%)

Intraventricular hemorrhage 1,574 (38.6) 234 (26.4) 1,069 (43.6) 271 (36.7)
present, n (%)

TABLE 2.
Exposure and Outcomes

Ethnic/Racial Recombinant
Antihypertensive Variations of Factor Vlla in Acute
Treatment of Acute Intracerebral Intracerebral
Overall Cerebral Hemorrhage-ll Hemorrhage Study Hemorrhage Trial
Variable (n=4,172) Trial (n = 905) (n=2,521) (n =746)
Hemoglobin (g/dL), mean (sp) 13.84 (1.91) 14.26 (1.73) 13.63 (2.02) 14.03 (1.62)
Intracerebral hemorrhage 19.99 (23.88) 13.70 (12.05) 21.39 (26.14) 22.88 (25.35)
volume (mL), mean (sp)?
Hematoma expansion, n (%) 781 (24.0) 195 (24.3) 370 (21.5) 216 (29.9)
Poor outcome®, n (%) 1940 (46.5) 346 (38.2) 1235 (49.0) 359 (48.1)
Death, n (%) 770 (18.5) 66 (7.3) 554 (22.0) 150 (20.1)

2Missing data for baseline intracerebral hemorrhage volume = 92.
*Poor outcome defined as modified Rankin Scale > 4 at 3-mo follow-up.

decrease in risk of poor outcome (odds ratio [OR], CI,0.89-0.97; p = 0.0007) or random-effects (OR, 0.92;
0.93; 95% CI, 0.88-0.98; p = 0.006). These results 95% CI, 0.86-0.99; p = 0.038) approaches. Importantly,
remained unchanged when implementing two-stage there was no heterogeneity across study-specific esti-
meta-analysis using either fixed-effects (OR, 0.93;95%  mates (1> = 0.0003, I = 0.0%, and Q = 0.85 [p = 0.65]).
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TABLE 3.

Hemoglobin Association With Outcome (Modified Rankin Scale > 4) at 3-mo After

Intracerebral Hemorrhage

All Patients
(n=4,172)

Study or Analysis Strategy OR (95% CI)

Nonlobar
(n =3,167)

Lobar
(n =976)

OR (95% Cl) p

OR (95% CI)

Study-specific results

Antihypertensive Treatment of 0.88 (0.79-0.99)

Acute Cerebral Hemorrhage-Il
trial

Ethnic/Racial Variations of 0.93 (0.88-0.98)

Intracerebral Hemorrhage study

Recombinant Factor Vlla in Acute 0.95 (0.84-1.07)
Intracerebral Hemorrhage trial

Combined analyses
0.93 (0.88-0.98)
0.93 (0.89-0.97)

One-stage IPD meta-analysis

Two-stage IPD meta-analysis
(fixed effects)

Two-stage IPD meta-analysis 0.92 (0.86-0.99)

(random effects)

0.01

0.37

0.006 0.93 (0.75-1.14) 0.47
0.0007 0.93 (0.85-1.02) 0.10

0.039 0.89 (0.56-1.40) 0.37

0.028 0.68 (0.47-0.98) 0.04 0.90 (0.80-1.01) 0.09

0.94 (0.85-1.04) 0.23 0.92 (0.86-0.98) 0.01

1.01 (0.69-1.49) 0.95 0.92 (0.81-1.05) 0.21

0.92 (0.87-0.98) 0.007
0.92 (0.87-0.97) 0.001

0.92 (0.90-0.94) 0.003

IPD = individual participant data, OR = odds ratio.

Missing data for intracerebral hemorrhage (ICH) location = 29. Models adjusted by age, sex, race, ICH location (except in stratified
analyses by location), ICH volume, presence of intraventricular hemorrhage, Glasgow Coma Scale, and, in Ethnic/Racial Variations of
Intracerebral Hemorrhage study, anticoagulation use. Heterogeneity (all patients): t2 = 0.0003, 2 = 0.0%, and Q = 0.85 (p = 0.65). Het-
erogeneity (lobar): 12 = 0.0216, ? = 33.2%, and Q = 2.99 (p = 0.22). Heterogeneity (nonlobar): 12 =< 0.0001, * = 0.0%,

and Q= 0.07 (p=0.97).

Sensitivity analyses including the trial intervention
in ATACH-2 and FAST did not change the results
nor did the exclusion of anticoagulated participants
from ERICH (OR, 0.93; 95% CI, 0.89-0.97; p < 0.001).
Additionally, analysis including only participants from
clinical trials, only those with prestroke mRS compat-
ible with independence, or only those outside the usual
transfusion threshold yielded consistent results, as did
dichotomizing mRS as 0-2 versus 3-6. Analyses strat-
ified by hemorrhage location yielded similar results in
nonlobar hemorrhages but did not reach statistical sig-
nificance in lobar ICH (Table 3). Finally, we performed
secondary analysis using Hb measurements at 24, 48,
and 72 hours in the ATACH-2 study. Hb levels at all
these three time points were associated with outcome
(24hr p = 0.05, and 48 and 72hr both p < 0.001). A
positive change in Hb levels was also associated with
outcome (OR, 0.73; 95% CI, 0.62-0.84; p < 0.001).

Critical Care Medicine

Anemia at Admission and ICH Outcome

The results outlined above remained consistent when
categorizing ICH patients as anemic or nonanemic.
The primary analysis combining IPD across studies
indicated that anemic versus nonanemic patients had
a 49% higher risk of poor outcome (OR, 1.49; 95%
CL, 1.17-1.89; p = 0.001). These results remained un-
changed when implementing two-stage meta-analysis
using either fixed-effects (OR, 1.54; 95% CI, 1.26-
1.88; p < 0.0001) or random-effects (OR, 1.54; 95%
CL, 1.21-1.95; p = 0.015). There was no heterogeneity
(t*=0.0025; I* = 0.0%, and Q = 0.55 [p = 0.76]).

Dose-Response Analysis

To evaluate whether the association between the ad-
mission Hb levels and the poor outcome was only
driven by anemia, we evaluated how this association
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changed across different strata of the exposure. We
found a consistent linear relationship between the ad-
mission Hb levels and the ICH outcome across a wide
range of evaluated values. We observed this linear
correlation when both estimating unadjusted risks of
poor outcomes across different strata of admission Hb
levels (test-for-trend p < 0.0001) (Fig. 1) and formally
testing the association between the Hb levels and the
predicted risks from the adjusted regression model
(p <0.0001). No ceiling effect was identified.

Admission Hemoglobin Levels and ICH Volume
and Expansion

We evaluated whether the observed association between
the admission Hb levels and the outcomes was mediated
by admission hematoma volume and hematoma expan-
sion. Mean time to follow-up CT in ERICH was 24.1
hours (sp = 40). For this analysis, we excluded patients
with primary IVHs (e.g., those without any intraparen-
chymal blood) and those with missing data for hema-
toma expansion. These exclusions led to an effective
sample size of 4,035 ICH cases for the analysis of ad-
mission hematoma volume and 3,215 for the analysis
of hematoma expansion. The primary analysis did not
find an association between the admission Hb levels
and these neuroimaging markers (Table 4). Sensitivity
analysis using log-transformed ICH volume as outcome

did not change the results. Study-specific analyses did
reveal an inverse association between the admission Hb
levels and ICH volume in ERICH (beta = -1.09; 95% CI,
-1.60 to —0.58; p < 0.0001). We did not find significant
associations for hematoma expansion. Sensitivity anal-
ysis including time from symptom onset to CT did not
significantly change the results.

DISCUSSION

We report the results of a large observational study
evaluating whether admission Hb levels are associated
with functional outcome in spontaneous, nontrau-
matic ICH. We pooled IPD from ERICH, a multiethnic
prospective observational study of ICH, and ATACH-2
and FAST, two landmark clinical trials that evaluated
aggressive blood pressure reduction and activated
Factor VII, respectively, in this condition. We found
that higher admission Hb levels were associated with
a lower risk of poor outcome in ICH, with consistent
effect estimates across the included studies. We also
found that this association held across a wide range of
evaluated Hb levels and that it was stronger for nonlo-
bar hemorrhages. We did not find a consistent associ-
ation between the admission Hb levels and admission

hematoma volume or hematoma expansion.
Our findings confirm the existing evidence for an
association between the admission Hb levels and func-
tional outcome in ICH. A

100%

75%

50%

Proportion of patients (%)

25%

0%

Hemoglobin levels (g/dL)

<7 7 8 9 10 11 12 13 14 15 216

small, single-center study
found that low Hb levels
were associated with worse
functional outcome, and
this association was medi-
ated by a higher risk of he-
matoma expansion (10).
Although promising, these
results were limited by
the small sample size and
single-center design of the
study. A meta-analysis on
this topic based on sum-
mary statistics (not using
IPD) including seven stud-
ies showed that anemia at
admission (defined as Hb
< 12g/dL for women and

Outcome

Good outcome
B Poor outcome

Figure 1. Dose-response analysis. Proportion of patients with poor outcome in each hemoglobin

level subgroup.
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< 13g/dL for men) was
associated with higher
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TABLE 4.

Hemoglobin Association Intracerebral Hemorrhage With Baseline Volume and Intracerebral
Hemorrhage Expansion

ICH Volume ICH Expansion

Study or Analysis Strategy

Beta (95% CI) OR (95% ClI)

Study-specific results

Antihypertensive Treatment of 0.14 (-0.35 to 0.62) 0.58 0.98 (0.88-1.09) 0.745
Acute Cerebral Hemorrhage-l trial

Ethnic/Racial Variations of Intracerebral -1.09 (-1.60 to —-0.58) < 0.0001 0.94 (0.88-1.01) 0.077
Hemorrhage study

Recombinant Factor Vlla in Acute 0.24 (-0.86 to 1.35) 0.67 1.08 (0.92-1.16) 0.58
Intracerebral Hemorrhage trial

Meta-analysis

One-stage IPD meta-analysis -0.35 (-1.24 to 0.55) 0.45 0.99 (0.92-1.05) 0.71

Two-stage IPD meta-analysis (fixed effects) -0.38 (-0.72 to —0.05) 0.026  0.97 (0.92-1.02) 0.20

Two-stage IPD meta-analysis (random effects) —0.30 (-2.17 to 1.58) 0.57 0.97 (0.87-1.09) 0.40

ICH = intracerebral hemorrhage, IPD = individual participant data, OR = odds ratio.

Intracerebral hemorrhage (ICH) volume models: models adjusted by age, sex, race, ICH location, and anticoagulation use (only in Ethnic/
Racial Variations of Intracerebral Hemorrhage study [ERICH]). Heterogeneity: t2 = 0.4236, I* = 84.5% (54.0-94.8%), and Q = 12.93
(p=0.0016). ICH expansion models: models adjusted by age, sex, race, ICH location, baseline ICH volume, treatment (in Antihyperten-
sive Treatment of Acute Cerebral Hemorrhage-Il and Recombinant Factor Vlla in Acute Intracerebral Hemorrhage trial), and anticoagula-

tion use (only in ERICH). Heterogeneity: 72 = 0.0008, > = 0.0% (0.0-89.2%), and Q = 1.92 (p = 0.38).

mortality and worse outcome (13). These results were
limited by the high meta-analytic heterogeneity of the
pooled estimates and the limited modeling strategy of
the exposure.

By addressing the limitations outlined above, our
study provides important new evidence linking ad-
mission Hb levels to functional outcome in ICH. We
combined IPD from three well-phenotyped studies of
ICH to achieve the power necessary to evaluate ap-
propriately the hypothesis of interest. In addition,
the availability of admission Hb levels allowed us
to model the exposure as a continuous variable and
assess whether the observed associations held across
different strata of this variable. We found a linear
association between the Hb levels and outcome.
However, visual inspection of Figure 1 shows that the
proportion of patients with poor outcome stabilizes
around 14mg/dL. Furthermore, in stratified analy-
ses, we found that the relationship held for nonlobar
but not for lobar ICH. One possible explanation is
that smaller changes in brain oxygenation could have

Critical Care Medicine

more significant consequences in patients with nonlo-
bar ICH. Follow-up studies should evaluate whether
the known biological differences across these subtypes
play a role in explaining our findings.

Unlike prior studies, we did not find a consistent as-
sociation between the admission Hb levels and hema-
toma volume or expansion, two possible mediators of
the observed association with outcome. Possible expla-
nations for the null results for hematoma volume are
the relatively low hematoma volume seen in ATACH-2
and the exclusion of anticoagulated patients from both
clinical trials. Regarding hematoma expansion, the in-
clusion of interventional trials whose therapeutic effect
was aimed at reducing hematoma expansion could bias
these results toward the null. Notably, we did find an
association between the admission Hb levels and he-
matoma volume and a trend toward a protective effect
of higher baseline Hb levels on hematoma expansion
in ERICH, results that emphasize the need for further
research in this area, with a focus on possible mediat-
ing mechanisms.

www.ccmjournal.org 7
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There is significant experience with the utilization
of blood products in the hyperacute, acute, and suba-
cute periods of acute brain injury, including subarach-
noid hemorrhage and traumatic brain injury. However,
the efficacy of such interventions has been variable in
the literature. A small retrospective study investigat-
ing packed RBC transfusions in ICH concluded that
this interventions was safe and was associated with
improved survival at 30 days in multivariable analyses
adjusting for ICH score variables (28), but a more re-
cent study found worse outcomes in patients receiving
transfusions (29). Combined with prior reports,
this study suggests that Hb levels may be a potential
target for clinical interventions, but further research is
needed to establish a causal association. Alternatively,
low Hb levels could be a mediator of poor outcomes in
patients with other comorbidities.

Our study has a number of limitations. Being an
exploratory analysis of existing studies, the presented
results could correspond to false-positive associations
caused by multiple testing. Furthermore, the overrep-
resentation of nonlobar ICH, explained by different
factors depending on the study, resulted in a lower
number of lobar hemorrhages; therefore, the lack of
statistical significance of the analysis focused on lobar
ICH should be interpreted with caution, as it could be
due to limited statistical power. Additionally, the three
studies had a different distribution of outcomes, as
ATACH-2 had significantly better outcomes. In addi-
tion, the lack of data on transfusions and the exclusion
criteria of both randomized clinical trials may limit the
generalizability of our results. However, the strength of
the association and consistency of the estimates across
the included studies and analytical strategies provides
significant reassurance against this scenario. Even if
replicated across different cohorts, the observational
nature of our study precludes the possibility of making
any causal inferences. The observed association could
be the result of bias caused by confounding by un-
derlying serious comorbidities (like cancer) that both
lower Hb levels and increase the risk of poor outcome.
Preclinical studies using animal models, genetic analy-
ses, and randomized clinical trials are needed to deter-
mine whether the association between the admission
Hb levels and outcome in ICH represents a causal rela-
tionship. Even in the absence of a causal link justifying
therapeutic interventions, admission Hb levels would
still hold significant value as a very early biomarker for

8 www.ccmjournal.org

poor outcome in this condition. These early biomark-
ers of future prognosis are particularly helpful to select
appropriately patients for clinical trials.

CONCLUSIONS

In conclusion, we report a large IPD meta-analysis that
pooled data from the ATACH-2, FAST, and ERICH
studies to examine the relationship between the ad-
mission Hb levels and functional outcome after ICH.
We found that higher admission Hb levels were associ-
ated with better outcomes and that this association was
stronger for nonlobar hemorrhages. Further research
is needed to evaluate admission Hb level as both a
therapeutic target and early predictor of outcome.
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