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Background-—To define benign intracerebral hemorrhage (ICH) and to investigate the association between benign ICH, hematoma
expansion, and functional outcome.

Methods and Results-—We analyzed a prospectively collected cohort of patients with ICH, who presented within 6 hours of
symptom onset between July 2011 and February 2017 to a tertiary teaching hospital. Follow-up computed tomographic scanning
was performed within 36 hours after initial computed tomographic scanning. Benign ICH was operationally defined as
homogeneous and regularly shaped small ICH. The presence of benign ICH was judged by 2 independent reviewers (Q.L., W.Y.) on
the basis of the admission computed tomographic scan. Functional independence was defined as a modified Rankin Scale score of
0 to 2 at 3 months. The associations between benign ICH, hematoma expansion, and functional outcome were assessed by using
multivariable logistic regression analyses. A total of 288 patients with ICH were included. Benign ICH was found in 48 patients
(16.7%). None of the patients with benign ICH had early hematoma expansion. The sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of benign ICH for predicting functional independence at 3 months were 30.7%, 96.6%,
90.0%, 60.0%, and 0.637, respectively.

Conclusions-—Patients with benign ICH are at low risk of hematoma expansion and poor outcome. These patients may be safe for
less intensive monitoring and are unlikely to benefit from therapies aimed at preventing ICH expansion. ( J Am Heart Assoc.
2019;8:e011892. DOI: 10.1161/JAHA.118.011892.)
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I ntracerebral hemorrhage (ICH) is a major public health
burden that accounts for �2 million strokes worldwide.1,2

Mortality is high in the short-term phase, and less than half of
survivors achieve functional independence.3 Hematoma

growth has been observed in approximately one third of
patients presenting within the first hours and is associated
with poor functional outcome.4–8 Therefore, identifying
which patients will expand (and which will not) is critical in
guiding care.

Several factors are known to be associated with risk of
expansion and/or poor outcome, including baseline hema-
toma volume, age, presence of intraventricular hemorrhage,
and infratentorial location.6,7,9 Moreover, early time to
presentation may mark those early in the disease course
and at highest risk.10–12

Neuroimaging can also be used to identify those at high
risk for expansion and poor functional outcome; findings,
including the blend sign, black hole sign, satellite sign,
computed tomographic (CT) hypodensities, and island sign, all
predict further hemorrhage and are associated with poor
outcome.13–19 However, the converse has not yet been well
studied (ie, how to identify those at such low risk for
expansion that they be excluded from trials of antiexpansion
therapies). We defined a group of regularly shaped and
homogeneous small hematomas as “benign ICH.” The aim of
our study was to investigate whether some patients with ICH
may have a benign course and to explore the prevalence,
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clinical characteristics, and association of benign ICH with
hematoma growth and functional outcome.

Methods
The data that support the findings of this study are available
from the corresponding authors on reasonable request.

Study Population
We prospectively included patients presenting with acute
primary ICH to our hospital between July 2011 and February
2017. Patients were included in our analysis if they underwent
the following: (1) a baseline CT scan within 6 hours after
onset of symptoms and (2) a follow-up CT scan within
36 hours after the initial CT scan. Patients were excluded if
they had primary intraventricular hemorrhage, anticoagulant-
associated bleeding, secondary ICH attributable to arteriove-
nous malformation or intracranial aneurysm, or surgery before
follow-up CT, or if they were lost to follow-up at 3 months.

Clinical Data Collection and Outcome
Assessment
Trained neurologists obtained and recorded the baseline demo-
graphic and clinical data,which included age, sex,medical history,
and medication use history. Other data captured included
admission blood pressure, ICH score, Glasgow Coma Scale
(GCS) score, National Institutes of Health Stroke Scale (NIHSS)
score, premorbid modified Rankin Scale (mRS) score, the time
from symptom onset to baseline CT scanning, and the time
interval between baseline CT and follow-up CT scanning. The
study investigators promised to provide freemedical consultation
during the studyperiod for patientswhowerewilling to participate
in our study. Clinical outcomes were assessed using the mRS
score througha telephone interviewby trainedmedical staff at the

3-month follow-up.Good outcomewas defined as a 3-monthmRS
score of 0 to 3, and poor outcomewas defined as a 3-monthmRS
score of 4 to 6. Last, functional independence was defined as an
mRS score of 0 to 2.20,21

Imaging Interpretation and Analysis
Noncontrast CT scans were performed, as previously
described.14–16 The CT images were saved in DICOM format
for further review. Trained neurologists (Q.L., W.Y.) who were
blinded to the clinical and outcome data independently
reviewed all CT images. Discrepancies between the readers
were settled by joint discussion until consensus was reached.
The hematoma volume was measured using the ABC/2
method, as described previously.22 Early hematoma expan-
sion was defined as an increase in hematoma volume of
>6 mL or 33% between baseline and follow-up CT scanning.23

Definition of Small ICH and Benign ICH
We operationally defined a “small ICH” on the basis of the
followingcriteria: (1) if brainstemhemorrhage, volume<3 mL; (2)
if cerebellar hemorrhage, volume <5 mL; (3) if thalamic hemor-
rhage, volume <10 mL; (4) if basal ganglia hemorrhage, volume
<10 mL; and (5) if lobar hemorrhage, volume <15 mL. We then
operationally defined benign ICHusing the following criteria: (1) a
small ICH, as above; (2) no concurrent intraventricular hemor-
rhage or subarachnoid hemorrhage; (3) a homogeneous and
regularly shaped hematoma; and (4) no evidence of blend sign,
blackhole sign,CThypodensities, islandsign, or satellite sign.13–19

Benign ICH, as defined herein, and its mimics are illustrated in
Figures 1 and 2, respectively. Malignant small ICH is defined as
one that meets criteria for small ICH but not benign ICH.

Statistical Analysis
Statistical analyses were performed using SPSS 19.0 soft-
ware. Categorical variables are presented as percentages.
Continuous variables are presented as mean (SD) if normally
distributed or median (interquartile range [IQR]) if not
normally distributed. The between-group differences were
assessed using a v2 test, a Fisher exact test, a Student t test,
or a Mann-Whitney U test, as appropriate. The interrater
reliability for defining benign ICH was calculated using j
statistics. We calculated the sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy of
benign ICH to predict functional independence at 3 months.
The threshold of significance was set at P<0.05.

Standard Protocol Approval, Registration, and
Patient Consent
All study procedures and protocols involving human partici-
pants were conducted in accordance with the ethical

Clinical Perspective

What Is New?

• In this prospective cohort study, we have proposed a concept
of benign intracerebral hemorrhage (ICH) to define a popu-
lation at low risk for hematoma growth and poor outcome.

• Patients with benign ICH are less likely to have early
hematoma expansion. The presence of benign ICH was
associated with functional independence.

What Are the Clinical Implications?

• Benign ICH is unlikely to expand and should be excluded
from antiexpansion studies.

• In limited resource settings, patients with benign ICH may
require less need for intensive monitoring.
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standards of the 1964 Declaration of Helsinki, and the study
was approved by the Ethics Committee of the First Affiliated
Hospital of Chongqing Medical University (Chongqing, China).
Written informed consent was obtained from all participants
or their legally authorized representatives before participa-
tion.

Results
During the study period, a total of 370 patients met the
inclusion criteria. After applying exclusion criteria, 77 patients
were excluded. A total of 5 patients refused to participate in
our study, leaving 288 for final analysis (Figure S1). None of
the included patients were transferred in from other institu-
tions. A total of 21 patients (7.3%) had withdrawal of life-
sustaining treatment in our study after enrollment. The mean
age of the participants was 61 years (range, 27–94 years),
and 191 patients (66.3%) were men. The median time from
symptom onset to baseline CT scan was 2 hours (IQR, 1–
4 hours). Small ICH occurred in 108 patients (37.5%). Patients
with small ICH had a lower admission NIHSS score (median,
7.5 [IQR, 3–12] versus 13 [IQR, 8–24]; P<0.001), a higher
GCS score (median, 15 [IQR, 14–15] versus 13 [IQR, 9–14];
P<0.001), a lower ICH score (median, 0 [IQR, 0–1] versus 1

[IQR, 0–2]; P<0.001), and lower rates of early hematoma
expansion (15.7% versus 40.6%; P<0.001) than those without
small ICH (Table 1).

Of the 288 patients with ICH, 48 (16.7%) had benign ICH.
The interrater agreement was excellent for judging benign ICH
(j, 0.88; 95% CI, 0.80–0.95). Patients with benign ICH had
smaller baseline hematoma volumes (median, 5.7 [IQR, 2.4–
8.4] mL versus 15.2 [9.9–24.8] mL; P<0.001), lower NIHSS
scores (median, 5.5 [IQR, 2–10] versus 12 [IQR, 8–20];
P<0.001), lower ICH scores (median, 0 [IQR, 0] versus 1 [IQR,
0–2]; P<0.001), and higher GCS scores (median, 15 [14–15]
versus 13 [IQR, 9–14]; P<0.001) (Table 1). The rate of
hematoma growth was significantly lower in patients with
benign ICH than in those without benign ICH (0% versus
37.5%; P<0.001; RR (relative risk), 0.63; 95% CI, 0.57–0.69).
Of the 108 patients with small ICH, 60 (55.6%) had malignant
small ICH. Table 2 compares those with benign ICH with
those with malignant but small ICH. Notably, patients with
benign ICH had lower NIHSS scores (median, 5.5 [IQR, 2–10]
versus 10 [IQR, 4–15]; P=0.004), had higher GCS scores
(median, 15 [IQR, 14–15] versus 14 [IQR, 13–15]; P=0.001),
and are less likely to expand (0% versus 28.3%, P<0.001)
compared with patients with malignant small ICH. In addition,

Figure 2. Illustration of benign intracerebral hemorrhage (ICH)
mimics. Representative images of hematomas that mimic benign
ICH. A, A homogeneous basal ganglia hemorrhage. The hematoma
is irregularly shaped. B, A heterogeneous and irregular thalamic
hematoma with intraventricular extension. C, A heterogeneous
cerebellar hemorrhage. D, A heterogeneous lobar hematoma with
subarachnoid hemorrhage.

Figure 1. Representative images of benign intracerebral hem-
orrhage (ICH). Representative axial noncontrast computed tomo-
graphic images in patients with benign ICH. Basal ganglia (A),
thalamic (B), brainstem (C), and lobar benign (D) hemorrhages.
Benign hematomas are relatively regular in shape and homoge-
neous in density.
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Table 1. Comparison of Baseline Demographic, Clinical, and Radiological Characteristics Between Patients With and Without
Small and Benign ICH

Variables

Patients

With Small ICH
(n=108, 37.5%)

Without Small ICH
(n=180, 62.5%) P Value

With Benign ICH
(n=48, 16.7%)

Without Benign ICH
(n=240, 83.3%) P Value

Demographic

Age, mean (SD), y 62.1 (12.5) 58.9 (11.7) 0.030* 60.5 (12.9) 60.0 (12.0) 0.774

Male sex, n (%) 67 (62.0) 124 (68.9) 0.234 31 (64.6) 160 (66.7) 0.780

Medical history, n (%)

Alcohol consumption 43 (39.8) 85 (47.2) 0.221 22 (45.8) 106 (44.2) 0.832

Smoking 48 (44.4) 89 (49.4) 0.411 25 (52.1) 112 (46.7) 0.493

Hypertension 79 (73.1) 123 (68.3) 0.387 31 (64.6) 171 (71.3) 0.357

Diabetes mellitus 13 (12.0) 17 (9.4) 0.486 3 (6.3) 27 (11.3) 0.301

Clinical features

Systolic blood pressure,
mean (SD), mm Hg

168.9 (24.9) 171.2 (30.6) 0.516 165.0 (23.3) 171.4 (29.5) 0.161

Diastolic blood pressure,
mean (SD), mm Hg

97.3 (16.2) 100.0 (18.5) 0.207 98.4 (16.0) 99.1 (18.0) 0.797

Admission GCS score,
median (IQR)

15 (14–15) 13 (9–14) <0.001* 15 (14–15) 13 (9–14) <0.001*

Admission NIHSS score,
median (IQR)

7.5 (3–12) 13 (8–24) <0.001* 5.5 (2–10) 12 (7–20) <0.001*

Baseline ICH volume,
median (IQR), mL

6.5 (4.1–8.8) 18.8 (14.0–30.6) <0.001* 5.7 (2.4–8.4) 15.2 (9.9–24.8) <0.001*

IVH at baseline CT, n (%) 31 (28.7) 62 (34.4) 0.313 0 (0) 93 (38.8) <0.001*

Time from onset to
CT, median (IQR), h

2 (1–4) 2 (1–3) 0.139 3 (1–5) 2 (1–3) 0.075

SAH at baseline CT, n (%) 4 (3.7) 29 (16.1) 0.001* 0 (0) 33 (13.8) 0.006

Hematoma growth, n (%) 17 (15.7) 73 (40.6) <0.001* 0 (0.0) 90 (37.5) <0.001*

ICH score, median (IQR) 0 (0–1) 1 (0–2) <0.001* 0 (0) 1 (0–2) <0.001*

Speed of uHG, median
(IQR), mL/h

2.7 (1.3–5.0) 11.3 (5.8–21.7) <0.001* 2.2 (1.1–4.1) 8.6 (4.1–17.9) <0.001*

Withdrawal of life-sustaining
treatment, n (%)

0 (0) 21 (8.8) 0.068* 1 (0.9) 20 (11.1) 0.001*

ICH locations, n (%)

Lobar hemorrhage 12 (11.1) 23 (12.8) 0.675 6 (12.5) 29 (12.1) 0.936

Basal ganglia hemorrhage 50 (46.3) 112 (62.2) 0.008* 28 (58.3) 134 (55.8) 0.750

Thalamic hemorrhage 35 (32.4) 35 (19.4) 0.013* 9 (18.8) 61 (25.4) 0.326

Brainstem hemorrhage 5 (4.6) 4 (2.2) 0.431 3 (6.3) 6 (2.5) 0.363

Cerebellar hemorrhage 6 (5.6) 6 (3.3) 0.542 2 (4.2) 10 (4.2) 1.000

Outcome

In-hospital mortality, n (%) 4 (3.7) 13 (7.2) 0.220 0 (0) 17 (7.1) 0.117

90-d Mortality, n (%) 9 (8.3) 46 (25.6) <0.001* 0 (0) 55 (22.9) <0.001*

90-d mRS score, median (IQR) 2 (1–3) 4 (1–6) <0.001* 1 (0–2) 3 (1–5) <0.001*

90-d mRS score of 0–2, n (%) 67 (62.0) 73 (40.6) <0.001* 43 (89.6) 97 (40.4) <0.001*

CT indicates computed tomography; GCS, Glasgow Coma Scale; ICH, intracerebral hemorrhage; IQR, interquartile range; IVH, intraventricular hemorrhage; mRS, modified Rankin Scale;
NIHSS, National Institutes of Health Stroke Scale; SAH, subarachnoid hemorrhage; uHG, ultraearly hematoma growth.
*Indicates P value <0.05.
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the incidence of functional independence (mRS score, 0–2)
was higher in patients with benign ICH than in those with
malignant small ICH (89.6% versus 40.0%; P<0.001).

At the 3-month follow-up, 140 (48.6%) of the 288 patients
with ICH were functionally independent (mRS score, 0–2). The
distribution ofmRS scores in patients with small and benign ICH
and those without small and benign ICH is shown in Figure 3.
Patients with small ICH were more likely to be functionally

independent than thosewithout small ICH (62.0% versus 40.6%;
P<0.001; Table 1). Strikingly, none of the patients with benign
ICH had a poor outcome at 3 months (mRS score, 4–6).
Furthermore, patients with benign ICH were more likely to have
functional independence compared with those without benign
ICH (89.6% versus 40.4%; P<0.001; Table 1).

In univariate analyses, age, admission NIHSS score,
admission GCS score, presence of intraventricular hemorrhage,

Table 2. Comparison of Baseline Demographic, Clinical, and Radiological Characteristics Between Patients With Benign ICH and
Malignant Small ICH

Variables Patients With Benign ICH (n=48, 44.4%) Patients With Malignant Small ICH (n=60, 55.6%) P Value

Demographic

Age, mean (SD), y 60.5 (12.9) 63.3 (12.2) 0.254

Male sex, n (%) 31 (64.6) 36 (60.0) 0.626

Medical history, n (%)

Alcohol consumption 22 (45.8) 21 (35.0) 0.253

Smoking 25 (52.1) 23 (38.3) 0.153

Hypertension 31 (64.6) 48 (80.0) 0.072

Diabetes mellitus 3 (6.3) 10 (16.7) 0.098

Clinical features

Systolic blood pressure, mean (SD), mm Hg 165.0 (23.3) 172.0 (25.8) 0.149

Diastolic blood pressure, mean (SD), mm Hg 98.4 (16.0) 96.4 (16.4) 0.531

Admission GCS score, median (IQR) 15 (14–15) 14 (13–15) 0.001*

Admission NIHSS score, median (IQR) 5.5 (2–10) 10 (4–15) 0.004*

Baseline ICH volume, median (IQR), mL 5.7 (2.4–8.4) 6.7 (4.7–9.0) 0.053

IVH at baseline CT, n (%) 0 (0) 31 (51.7) <0.001*

Time from onset to CT, median (IQR), h 3 (1–5) 2 (1–3.88) 0.236

SAH at baseline CT, n (%) 0 (0) 4 (6.7) 0.190

Hematoma growth, n (%) 0 (0) 17 (28.3) <0.001*

ICH score, median (IQR) 0 (0) 1 (0–1) <0.001*

Speed of uHG, median (IQR), mL/h 2.2 (1.1–4.1) 3.4 (1.6–6.6) 0.012*

ICH locations, n (%)

Lobar hemorrhage 6 (12.5) 6 (10.0) 0.681

Basal ganglia hemorrhage 28 (58.3) 22 (36.7) 0.025*

Thalamic hemorrhage 9 (18.8) 26 (43.3) 0.007*

Brainstem hemorrhage 3 (6.3) 2 (3.3) 0.798

Cerebellar hemorrhage 2 (4.2) 4 (6.7) 0.888

Outcome

In-hospital mortality, n (%) 0 (0) 4 (6.7) 0.190

90-d Mortality, n (%) 0 (0) 9 (15.0) 0.014*

90-d mRS score, median (IQR) 1 (0–2) 3 (1–4) <0.001*

90-d mRS score of 0–2, n (%) 43 (89.6) 24 (40.0) <0.001*

CT indicates computed tomography; GCS, Glasgow Coma Scale; ICH, intracerebral hemorrhage; IQR, interquartile range; IVH, intraventricular hemorrhage; mRS, modified Rankin Scale;
NIHSS, National Institutes of Health Stroke Scale; SAH, subarachnoid hemorrhage; uHG, ultraearly hematoma growth.
*Indicates P value <0.05.
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baseline ICH volume, and presence of benign ICH were each
independently associated with functional independence
(P<0.05 for all; Table 3).

The areas under the curve of small ICH and benign ICH in
predicting functional independence at 3 months were 0.601
and 0.637, respectively (Figure S2). The sensitivity, specificity,
positive predictive value, and negative predictive value of
benign ICH for predicting functional independence at
3 months were 30.7%, 96.6%, 90.0%, and 60.0%, respectively.

Discussion
Although many groups have studied those at high risk for ICH
expansion, few have explicitly focused on the low-risk
expanders. In our study, we found that neuroimaging

characteristics can successfully mark a cohort of patients at
extremely low risk of expansion and poor outcome. We have
operationally labeled this finding benign ICH and found that
�17% of patients met this definition.

Although many groups have found that smaller hematomas
may have lower risk of expansion, there are currently no
established criteria for defining small ICH. One study defined
this as longest diameter of 1.5 cm, and another defined this
as ICH volume of <3 mL.24,25 Because of a lack of consensus,
in our study, we defined small ICH as a function of both size
and location. For example, a 10-mL occipital lobe hematoma
may be less harmful than a pontine or thalamic hematoma of
the same size. A recent study suggested that intrahematomal
hypodensity on CT predicts hematoma expansion and a
combination of intrahematomal hypodensity and an existing

Figure 3. Illustration of modified Rankin Scale (mRS) scores in patients with small intracerebral hemorrhage (ICH) and benign
ICH. The percentage of participants with the mRS score obtained at 90 days is shown in each cell. A, Distribution of mRS scores in
patients with and without small ICH. B, Distribution of mRS scores in patients with and without benign ICH. None of the patients
with benign ICH had an mRS score of 4 to 6.
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hematoma expansion score improves prediction of hematoma
expansion in patients with ICH.26 As noncontrast CT imaging
markers predict hematoma expansion, we then further
defined a subgroup of “small” hematomas that are regular
in shape and homogeneous in density, with no high-risk
features, as benign ICH. As a result, the label benign ICH
incorporates information on size, location, and neuroimaging
markers of expansion. The results of our study demonstrate
that both small ICH and benign ICH were associated with
good functional outcomes. However, benign ICH seemed to
be a much stronger predictor of functional independence
(mRS score, 0–2) at 3 months than a small ICH in the
univariate logistic regression model (odds ratio, 12.68 versus
2.40). Furthermore, our results show that benign ICH is highly
specific (96.6%) for predicting functional independence at
3 months. We assert that the prognosis of benign ICH is fairly
good, and any treatment targeting important harmful patho-
physiological processes in ICH is unlikely to change the
outcome in patients with benign ICH.

Our findings may have important clinical implications for
future clinical trials. Patients with benign ICH may represent a
cohort with no opportunity to benefit from trials aimed at
expansion. For example, the ATACH-II (Antihypertensive
Treatment of Acute Cerebral Hemorrhage II) trial of intensive

blood pressure reduction, thought to reduce ICH expan-
sion,27–30 found no effect on outcome and also enrolled many
patients with small-volume ICHs.27 Many of these may have
met benign ICH criteria, and acute blood pressure lowering
may have minimal effect on them. It may be that patients with
benign ICH should be excluded from future trials of antiex-
pansion therapies.

Furthermore, the concept of benign ICH may add value to
existing prognostic scales. Existing scores, such as the ICH
score, are useful tools for stratifying for disease severity and
guiding prognosis.31,32 However, our finding that patients with
benign ICH were less likely to have poor outcome compared
with those with the same hematoma size suggests that this
neuroimaging marker adds additional valuable prognostic
information.

Last, our findings have clinical implications as well.
Because patients with benign ICH appear to be relatively
stable, interventions such as hemostatic therapy, intensive
blood pressure lowering, or antiedema treatment with
osmotic agents may offer little value. In limited resource
settings, such patients likely have less need for intensive
monitoring or serial CT scans. Our findings may, therefore,
assist in stratifying care to those who most need it.

There are several limitations in our study. First, this is a
single-center study with a relatively small sample size.
Second, the choice for benign ICH volume cutoffs was based
on our own clinical experience. Third, our study results were
not independently validated in an independent cohort. In our
country, warfarin was underused and anticoagulant-asso-
ciated bleeding was excluded from our study, which may
limit the generalizability of our findings to anticoagulant-
associated ICH. Finally, the exact timing of the follow-up CT
scan was at the discretion of the treating physician and not
standardized.

Benign ICH is relatively stable and associated with
functional independence. These results may assist in triage
and resource use when resources or intensive care bed space
is limited. In addition, future trials of antiexpansion therapies
may benefit from excluding these patients.
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Table 3. Univariate Analysis of Predictors for Functional
Independence (mRS Score, 0–2)

Variables Odds Ratio 95% CI P Value

Mean age, y* 0.97 0.95–0.99 0.001†

Alcohol consumption 1.17 0.73–1.86 0.510

Smoking 0.92 0.58–1.45 0.706

Hypertension 0.99 0.60–1.64 0.960

Diabetes mellitus 0.79 0.37–1.69 0.542

Systolic blood
pressure, mm Hg*

0.99 0.98–1.00 0.066

Diastolic blood
pressure, mm Hg*

1.00 0.98–1.01 0.536

Admission GCS score* 1.27 1.17–1.39 <0.001†

Admission NIHSS score* 0.91 0.88–0.93 <0.001†

Baseline ICH volume, mL* 0.96 0.94–0.97 <0.001†

IVH at baseline CT 0.28 0.16–0.47 <0.001†

SAH at baseline CT 0.66 0.31–1.37 0.263

Time from onset to CT, h* 1.15 0.99–1.32 0.062

Benign ICH 12.68 4.85–33.16 <0.001†

CT indicates computed tomography; GCS, Glasgow Coma Scale; ICH, intracerebral
hemorrhage; IVH, intraventricular hemorrhage; mRS, modified Rankin Scale; NIHSS,
National Institutes of Health Stroke Scale; SAH, subarachnoid hemorrhage.
*Per unit change in regressor.
†Indicates P value <0.05.
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SUPPLEMENTAL MATERIAL 



Figure S1. Cohort Selection Flowchart. 
 

 



Figure S2. Comparison of Receiver-operating characteristic (ROC) curves in predicting 

functional independence at 3 months.  

 
 

 

 
 


