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Purpose. To investigate the impact of hematoma expansion (HE) on short-term functional outcome of patients with thalamic and
basal ganglia intracerebral hemorrhage. Methods. Data of 420 patients with deep intracerebral hemorrhage (ICH) that received a
baseline CT scan within 6 hours from symptom onset and a follow-up CT scan within 72 hours were retrospectively analyzed. The
poor functional outcome was defined as modified Rankin score ðmRSÞ > 3 at 30 days. Receiver operating characteristic (ROC)
curves for relative and absolute growth of HE were generated and compared. Multivariable logistic regression models were
used to analyze the impact of HE on the functional outcome in basal ganglia and thalamic hemorrhages. The predictive values
for different thresholds of HE were calculated, and correlation coefficient matrices were used to explore the correlation between
the covariables. Results. Basal ganglia ICH showed a higher possibility of absolute hematoma growth than thalamic ICH. The
area under the curve (AUC) for absolute and relative growth of thalamic hemorrhage was lower than that of basal ganglia
hemorrhage (AUC 0.71 and 0.67, respectively) in discriminating short-term poor outcome with an AUC of 0.59 and 0.60,
respectively. Each threshold of HE independently predicted poor outcome in basal ganglia ICH (P < 0:001), with HE > 3ml
and > 6ml showing higher positive predictive values and accuracy compared to HE > 33%. In contrast, thalamic ICH had a
smaller baseline volume (BV, 9:55 ± 6:85ml) and was more likely to initially involve the posterior limb of internal capsule
(PLIC) (85/153, 57.82%), and the risk of HE was lower without PLIC involvement (4.76%, P = 0:009). Therefore, in
multivariate analysis, the effect of thalamic HE on poor prognosis was largely replaced by BV and the involvement of PLIC,
and the adjusted odds ratios (ORs) of HE was not significant (P > 0:05). Conclusion. Though HE is a high-risk factor for short-
term poor functional outcome, it is not an independent risk factor in thalamic ICH, and absolute growth is more predictive of
poor outcome than relative growth for basal ganglia ICH.

1. Introduction

Spontaneous intracerebral hemorrhage (ICH) is a cata-
strophic form of stroke associated with high mortality and
severe disability among survivors. The functional outcome
after ICH depends on the hematoma volume and location
[1]. Since hematoma expansion (HE) is common in acute
ICH and correlates with early deterioration and poor func-
tional outcome [2, 3], it is a promising prognostic/therapeu-

tic index. However, most studies so far considered hematoma
growth > 6ml or >33% as the thresholds for defining HE
[4–7]. This limits the predictive power of HE since a particu-
lar threshold may have different prognostic impacts depend-
ing on the ICH location. Localized and deep ICH usually has
a worse clinical outcome [8], especially thalamic ICH and
that involving posterior limb of internal capsule (PLIC) [9,
10]. In addition, the risk of HE is also associated with the
hemorrhage location [11, 12]. Since lobar ICH with larger
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volume has specifically better outcomes [13, 14], it is neces-
sary to further explore the impact of HE on the prognosis
of deep ICH. Although thalamus and basal ganglia share a
similar “deep” geographical location, their neuroanatomical
functions are substantial different. Nakagawa et al. [15]
found that thalamic hemorrhage has smaller hematoma vol-
ume thresholds than basal ganglia hemorrhage in predicting
poor functional outcome. Also, there is currently no scientific
consensus on the definition of HE [16]. Dowlatshahi et al.
suggested that the absolute growth thresholds of HE have a
predictive performance for severe outcomes compared to rel-
ative thresholds [17]. However, another study showed that
absolute growth thresholds may have limited predictive
power due to largely different baseline hematoma volumes
[18]. Therefore, we hypothesized that the prognostic impact
of hematoma growth thresholds differs in thalamic ICH
and basal ganglia ICH, and it may provide important insights
for assessing acute deep ICH.

2. Methods

2.1. Study Population. Data of patients with supratentorial
ICH was collected from 4 hospitals (the First Affiliated Hos-
pital of Jinan University, Affiliated Hospital of Xiangnan
University, the Second Affiliated Hospital of Xiangnan Uni-
versity, and Su Xian Hospital Affiliated to Xiangnan Univer-
sity) from January 2015 to May 2019. The patients had
received a baseline CT scan within 6 hours after symptom
onset and a follow-up CT within 72 hours. Patients younger
than 18 years and those with nonparenchymal hemorrhage,
infratentorial and lobar location, secondary hemorrhage,
and multiple hemorrhage were excluded. In addition,
patients that underwent surgery for hematoma evacuation
prior to the follow-up CT and with premorbid modified
Rankin scale scores > 3 were also excluded (Figure 1). To

better assess the prognostic impact of HE at different ICH
locations, patients with preceding anticoagulant use or coag-
ulopathy on admission were also excluded. The baseline data
included age, gender, time from symptom onset to baseline
CT, Glasgow Coma Scale (GCS) score, systolic and diastolic
blood pressure (BP) on admission, current smoking, daily
alcohol drinking, antiplatelet medications, history of diabe-
tes, platelet count, international normalized ratio (INR),
baseline hematoma volume, PLIC involvement, ICH loca-
tion, presence of intraventricular hemorrhage (IVH) and
HE, treatment method, and modified Rankin scores (mRS)
at 30 days. The study was approved by the local ethics
boards, and informed consent was not required due to the
retrospective nature of the study.

2.2. Image Analysis/Definitions of HE. The 3D-Slicer plat-
form (version 4.10.1, http://www.slicer.org) was used for
image analysis and calculation of ICH volume. DICOM data
of all CT scans were imported into 3D-Slicer, and the entire
hematoma was free-hand segmented on consecutive axial
CT slices by a radiologist. The total hematoma volume was
calculated as the sum of all voxel sizes in the segmented
regions. IVH was not included in calculating the hematoma
volume. Signs of ICH in the baseline CT scans were analyzed
by two radiologists in a blinded manner. The deep regions
of ICH were divided into the thalamus and basal ganglia
(since 3 sites caudate head, lentiform nucleus, and thala-
mus are well delimited in CT imaging, the site of basal
ganglia just included the caudate head and lentiform
nucleus). If the hemorrhage extended to the other deep
region or lobar, the volume of hemorrhage at the origin
should be more than three times greater than the other
areas. Any bleeding extended to PLIC was defined as
involvement and was analyzed as an independent factor
in the logistic regression analysis.

Analysis of prognostic impact
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score at 30 days

(i)
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Figure 1: Flowchart showing inclusion and exclusion criteria.
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Besides the most commonly used definitions of HE
(absolute growth > 6ml and relative growth > 33%), we gen-
erated receiver operating characteristic (ROC) curves for
absolute and relative growth and compared them; the
method of Youden [19] was used to select the optimal cutoff
for growth. Then, a small threshold of HE for both thalamic
ICH and basal ganglia ICH was determined by considering
the optimal cutoff points of ROC curves and the minimal
detectable difference (MDD) which was used to avoid errors
of hematoma volume measurements [17].

2.3. Statistical Analysis. Normally distributed continuous
variables were presented as mean ± standard deviation
(SD), and skewed continuous variables as medians and

interquartile ranges (IQR). Categorical variables were pre-
sented as percentages. Baseline characteristics were com-
pared by the chi-square test, Fisher’s exact test, Student t
test, or Mann–Whitney U test as appropriate. P < 0:05 was
considered statistically significant. Odds ratios (OR) and
95% confidence interval (95% CI) were calculated for each
factor. The possible risk factors with P < 0:1 in the univariate
analyses were included in the multivariate logistic regression
model. The likelihood ratio test was used to assess the signif-
icance of the model. The same analysis was repeated after
adjusting for each of the three HE thresholds. Finally, a cor-
relation coefficient matrix was used to determine the rela-
tionship between the covariates in the logistic regression
model. All statistical analyses were performed with R

Table 1: Baseline characteristics of the ICH locations.

Characteristics Thalamic ICH (N = 147) Basal ganglia ICH (N = 273) P value

Age (years) 64 (55-75) 59 (50-67) <0.001
Male, N (%) 88 (59.86%) 187 (68.50%) 0.076

Risk factor

Diabetes, N (%) 15 (10.20%) 25 (9.16%) 0.727

Antiplatelet medications, N (%) 6 (4.08%) 11 (4.03%) 0.997

Current smoking, N (%) 13 (8.84%) 26 (9.52%) 0.783

Daily alcohol drinking, N (%) 5 (3.4%) 20 (7.35%) 0.097

Clinical information

GCS score 12 (8-14) 12 (9-14) 0.551

Systolic BP (mmHg) 177:94 ± 26:16 178:23 ± 28:42 0.917

Diastolic BP (mmHg) 100:27 ± 17:66 102:86 ± 18:28 0.162

Symptom onset to baseline CT (hour) 3 (2-4) 3 (2-4) 0.667

Laboratory testing

Platelet count (109/L)a 202:83 ± 71:99 206:99 ± 73:3 0.458

International normalized ratiob 1:04 ± 0:12 1:04 ± 0:12 0.431

CT findings on baseline CT

ICH volume (ml) 9:55 ± 6:85 17:95 ± 13:92 <0.001
PLIC involvement, N (%) 85 (57.82%) 55 (20.15%) <0.001
Presence of IVH, N (%) 108 (73.47%) 61 (22.34%) <0.001

CT findings on follow-up CT

ICH volume (ml) 12:92 ± 15:37 24:79 ± 22:56 <0.001
PLIC involvement, N (%) 88 71 <0.001
Presence of IVH, N (%) 108 79 <0.001

HE

Growth > 6ml, N (%) 21 (14.29%) 80 (29.30%) 0.001

Growth > 33%, N (%) 31 (21.09%) 80 (29.41%) 0.065

Treatmentc

External ventricular drainage, N (%) 23 (16.31%) 15 (5.81%) 0.001

ICH stereotactic evacuation or craniectomy, N (%) 6 (4.26%) 46 (17.83%) <0.001
Outcomec

mRS > 3, N (%) 84 (59.57%) 129 (50.0%) 0.067

Mortality, N (%) 12 (8.51%) 33 (12.79%) 0.196

Abbreviations: BP: blood pressure; CT: computed tomography; HE: hematoma expansion; mRS: modified Rankin scale; ICH: intracerebral hemorrhage; PLIC:
posterior limb of internal capsule; IVH: intraventricular hemorrhage; GCS: Glasgow Coma Scale. Normally distributed continuous variables are summarized
by means ± SD, and skewed continuous variables are presented as medians and interquartile ranges (IQR). aMissing 213 patients. bMissing 206 patients. c21
patients lost to follow-up.
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software (version 3.6.0, R Foundation for Statistical Com-
puting, Vienna, Austria).

3. Results

A total of 420 patients met the inclusion criteria, of which
147 (35%) exhibited thalamic ICH and 273 had basal ganglia
ICH (65%). Patients with basal ganglia ICH were younger
(median: 59 years, P < 0:001) and exhibited larger hemato-
mas, lower probability of PLIC involvement and presence
of IVH in both the baseline and follow-up CT, and higher
incidence of absolute growth (>6ml) of HE (P ≤ 0:001) com-
pared to the thalamic ICH group. Other baseline character-
istics were similar for both anatomical locations (Table 1).
After excluding 21 patients (13 were transferred to other
hospitals and 8 withdrew treatment in critical condition),
399 patients (141 with thalamic ICH and 258 with basal gan-
glia ICH) were included in the subsequent analysis. Thirty-
eight patients underwent external ventricular drainage (a
higher proportion in the thalamic ICH group, 23/141 or
16.31%, P = 0:001), and 52 patients received a hematoma
stereotactic evacuation or an additional craniectomy (a
higher proportion in the basal ganglia ICH group, 46/258
or 17.83%, P < 0:001). Furthermore, 53.38% of the patients
(213/399) exhibited mRS > 3 at 30 days, and the difference
in proportion between the two groups was not significant
(P = 0:067).

ROC curves for absolute and relative hematoma growth,
for the prediction of mRS > 3, are shown in Figure 2. The
area under the ROC curve (AUC) for absolute and relative

growth was 0.59 and 0.60 in thalamic ICH, which was lower
than that in basal ganglia ICH, where the AUC for absolute
and relative growth was 0.71 and 0.67, respectively. HE dis-
criminated the risk of poor outcome only modestly. Abso-
lute growth was more predictive of poor outcome than
relative growth (P = 0:001) in basal ganglia ICH, but there
was no significance between the AUCs for absolute vs. rela-
tive HE in thalamic ICH. According to the method of You-
den, the best cutoff for absolute growth was 0.88ml
(sensitivity 42.9%, specificity 82.5%) in thalamic ICH and
3.86ml (sensitivity 55.8%, specificity 87.6%) in basal ganglia
ICH. Considering the different cutoff points of both, we
chose the threshold of 3ml to redefine HE, which also could
exceed the MDD.

The predictors of the poor functional outcome for tha-
lamic and basal ganglia ICH are summarized in Tables 2
and 3 , respectively. As per the univariate analysis, HE was
significantly associated with mRS > 3 regardless of the loca-
tion. Furthermore, the patients withmRS > 3 at 30 days were
older than those with mRS ≤ 3 (67 vs. 62 in thalamic ICH,
P = 0:01; 60 vs. 55 in basal ganglia ICH, P < 0:001). A lower
GCS score, a higher baseline ICH volume, PLIC involve-
ment, and presence of IVH were also associated with
increased risk of poor functional outcome.

Three HE thresholds were, respectively, analyzed in mul-
tivariable logistic regression models to assess the correlation
of each with the poor functional outcome. Each threshold of
HE was an independent predictive factor for the poor func-
tional outcome of basal ganglia ICH (P < 0:001), whereas
none independently impacted the prognosis of thalamic
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Figure 2: Receiver operating characteristic (ROC) curves for absolute growth and relative growth.

4 BioMed Research International



T
a
bl
e
2:

Lo
gi
st
ic
re
gr
es
si
on

an
al
ys
is
w
it
h
po

or
fu
nc
ti
on

al
ou

tc
om

e
as

a
de
pe
nd

en
t
va
ri
ab
le
in

th
al
am

ic
IC
H

(N
=
14
1)
.

m
RS

≤
3
(n

=
57
,4

0.
43
%
)

m
RS

>
3
(n

=
84
,5
9.
57
%
)

U
ni
va
ri
at
e
an
al
ys
is

P
va
lu
e

M
ul
ti
va
ri
ab
le
an
al
ys
is

P
va
lu
e

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

A
ge

(y
ea
r)

62
(5
4-
70
)

67
(5
9-
77
)

1.
03

(1
.0
1,

1.
06
)∗

0.
01
8

1.
06

(1
.0
2,

1.
12
)∗

0.
01

M
al
e,
N

(%
)

38
(6
6.
67
%
)

45
(5
3.
57
%
)

0.
57

(0
.2
8,
1.
15
)

0.
12
1

—
—

G
C
S
sc
or
e

13
(1
2-
14
)

10
(7
-1
2)

0.
72

(0
.6
2,

0.
83
)∗

<0
.0
01

0.
78

(0
.6
4,

0.
95
)∗

0.
01
6

H
is
to
ry

of
di
ab
et
es
,N

(%
)

4
(7
.0
2%

)
11

(1
3.
10
%
)

2.
0
(0
.6
4,
7.
52
)

0.
25
8

—
—

C
ur
re
nt

sm
ok
in
g,
N

(%
)

5
(8
.7
7%

)
8
(9
.5
2%

)
1.
09

(0
.3
5,
3.
80
)

0.
88
0

—
—

D
ai
ly

al
co
ho

ld
ri
nk

in
g,
N

(%
)

1
(1
.7
5%

)
4
(4
.7
6%

)
2.
80

(0
.4
0,
55
.5
6)

0.
36
3

—
—

A
nt
ip
la
te
le
t
m
ed
ic
at
io
ns
,N

(%
)

2
(3
.5
1%

)
4
(4
.7
6%

)
1.
38

(0
.2
6,
10
.1
6)

0.
71
9

—
—

Sy
st
ol
ic
B
P
(m

m
H
g)

17
2:4

9±
25
:1
1

18
1:1

4±
25
:9
9

1.
01

(1
.0
0,
1.
03
)

0.
05
4

1.
02

(0
.9
9,
1.
04
)

0.
12
6

D
ia
st
ol
ic
B
P
(m

m
H
g)

10
0:8

4±
20
:2
7

99
:3
8±

15
:0
1

1.
0
(0
.9
8,
1.
01
)

0.
62
2

—
—

Sy
m
pt
om

on
se
t
to

ba
se
lin

e
C
T
(h
ou

r)
3
(2
-4
)

3
(2
-4
)

0.
96

(0
.7
8,
1.
18
)

0.
68
6

—
—

B
as
el
in
e
IC
H

vo
lu
m
e
(m

l)
5:
70

±
2:
87

11
:7
9±

6:
59

1.
38

(1
.2
3,

1.
59
)∗

<0
.0
01

1.
26

(1
.0
8,

1.
51
)∗

0.
00
6

P
LI
C
in
vo
lv
em

en
t,
N

(%
)

11
(1
9.
3%

)
66

(7
8.
57
%
)

15
.3
3
(6
.8
5,

37
.0
1)

∗
<0

.0
01

11
.6
9
(4
.0
5,

38
.2
7)

∗
<0

.0
01

In
tr
av
en
tr
ic
ul
ar

he
m
or
rh
ag
e,
N

(%
)

32
(5
6.
14
%
)

70
(8
3.
33
%
)

3.
91

(1
.8
2,

8.
68
)∗

<0
.0
01

1.
62

(0
.5
2,
4.
89
)

0.
38
3

H
em

ato
m
ag

ro
wt
h#

>
3m

l,
N

(%
)

4
(7
.0
2%

)
21

(2
5.
0%

)
4.
42

(1
.5
6,

15
.8
5)

∗
<0

.0
01

1.
36

(0
.2
8,
7.
92
)

0.
71
5

H
em

ato
m
ag

ro
wt
h#

>
6m

l,
N

(%
)

2
(3
.5
1%

)
17

(2
0.
24
%
)

6.
98

(1
.8
9,

45
.2
2)

∗
0.
01
2

1.
44

(0
.2
2,
13
.1
8)

0.
16
7

H
em

ato
m
ag

ro
wt
h#

>
33
%
,N

(%
)

6
(1
0.
53
%
)

21
(2
5.
0%

)
2.
83

(1
.1
2,

8.
19
)∗

0.
03
7

1.
66

(0
.3
7,
8.
21
)

0.
51
2

A
bb
re
vi
at
io
ns
:O

R
:o
dd

s
ra
ti
o;
C
I:
co
nfi

de
nc
e
in
te
rv
al
;I
C
H
:i
nt
ra
ce
re
br
al
he
m
or
rh
ag
e;
B
P
:b
lo
od

pr
es
su
re
;P

LI
C
:p

os
te
ri
or

lim
b
of

in
te
rn
al
ca
ps
ul
e;
G
C
S:
G
la
sg
ow

C
om

a
Sc
al
e.

# T
he

in
de
pe
nd

en
t
va
ri
ab
le
s
w
er
e

br
ou

gh
t
in
to

m
ul
ti
va
ri
ab
le

lo
gi
st
ic

re
gr
es
si
on

,
re
sp
ec
ti
ve
ly
.
∗
St
at
is
ti
ca
lly

si
gn
ifi
ca
nt

fi
nd

in
g.

N
or
m
al
ly

di
st
ri
bu

te
d
co
nt
in
uo

us
va
ri
ab
le
s
ar
e
su
m
m
ar
iz
ed

by
m
ea
ns

±
SD

,
an
d
sk
ew

ed
co
nt
in
uo

us
va
ri
ab
le
s
ar
e

pr
es
en
te
d
as

m
ed
ia
ns

an
d
in
te
rq
ua
rt
ile

ra
ng
es

(I
Q
R
).

5BioMed Research International



T
a
bl
e
3:
Lo

gi
st
ic
re
gr
es
si
on

an
al
ys
is
w
it
h
po

or
fu
nc
ti
on

al
ou

tc
om

e
as

a
de
pe
nd

en
t
va
ri
ab
le
in

ba
sa
l
ga
ng
lia

IC
H

(N
=
25
8)
.

m
RS

≤
3
(n

=
12
9,
50
%
)

m
RS

>
3
(n

=
12
9,

50
%
)

U
ni
va
ri
at
e
an
al
ys
is

P
va
lu
e

M
ul
ti
va
ri
ab
le
an
al
ys
is

P
va
lu
e

O
R
(9
5%

C
I)

O
R
(9
5%

C
I)

A
ge

(y
ea
r)

55
(4
8-
65
)

60
(5
2-
70
)

1.
04

(1
.0
3,

1.
06
)∗

<0
.0
01

1.
06

(1
.0
3,
1.
10
)∗

<0
.0
01

M
al
e,
N

(%
)

92
(7
1.
32
%
)

84
(6
5.
12
%
)

0.
75

(0
.4
4,

1.
27
)

0.
28
5

—
—

G
C
S
sc
or
e

13
(1
0-
14
)

10
(7
-1
2)

0.
71

(0
.6
3,

0.
78
)∗

<0
.0
01

0.
78

(0
.6
7,
0.
89
)∗

<0
.0
01

H
is
to
ry

of
di
ab
et
es
,N

(%
)

9
(6
.9
8%

)
14

(1
0.
85
%
)

1.
62

(0
.6
9,

3.
81
)

0.
27
5

—
—

C
ur
re
nt

sm
ok
in
g,
N

(%
)

11
(8
.5
3%

)
14

(1
0.
85
%
)

1.
31

(0
.5
8,

2.
94
)

0.
52
8

—
—

D
ai
ly

al
co
ho

ld
ri
nk

in
g,
N

(%
)

10
(7
.7
5%

)
8
(6
.2
0%

)
0.
79

(0
.3
1,

2.
01
)

0.
62
5

—
—

A
nt
ip
la
te
le
t
m
ed
ic
at
io
ns
,N

(%
)

2
(1
.5
5%

)
7
(5
.4
3%

)
3.
64

(0
.8
2,

16
.2
7)

0.
08
6

0.
93

(0
.1
1,
10
.3
7)

0.
86
1

Sy
st
ol
ic
B
P
(m

m
H
g)

17
6:9

9±
27
:7
8

18
1:3

3±
28
:6
0

1.
02

(1
.0
,1

.0
4)

0.
07
5

1.
0
(0
.9
8,
1.
01
)

0.
61
4

D
ia
st
ol
ic
B
P
(m

m
H
g)

10
3:7

5±
16
:2
0

10
2:6

8±
19
:2
7

1.
01

(0
.9
8,

1.
04
)

0.
58
1

—
—

Sy
m
pt
om

on
se
t
to

ba
se
lin

e
C
T
(h
ou

r)
3
(2
-4
)

3
(2
-4
)

0.
87

(0
.6
4,

1.
18
)

0.
38
7

—
—

B
as
el
in
e
IC
H

vo
lu
m
e
(m

l)
11
:4
9±

8:
44

24
:5
1±

15
:6
1

1.
15

(1
.0
7,

1.
26
)∗

<0
.0
01

1.
10

(1
0.
6,
1.
14
)∗

<0
.0
01

P
LI
C
in
vo
lv
em

en
t,
N

(%
)

11
(8
.3
5%

)
42

(3
2.
56
%
)

5.
18

(2
.5
5,

10
.5
1)

∗
<0

.0
01

7.
56

(2
.8
2,
22
.2
)∗

<0
.0
01

In
tr
av
en
tr
ic
ul
ar

he
m
or
rh
ag
e,
N

(%
)

14
(1
0.
85
%
)

45
(3
4.
88
%
)

4.
40

(2
.2
8,

8.
47
)∗

<0
.0
01

3.
16

(1
.2
4,
8.
43
)∗

0.
01
7

H
em

ato
m
ag

ro
wt
h#

>
3m

l,
N

(%
)

24
(1
8.
60
%
)

76
(5
8.
91
%
)

6.
27

(3
.5
7,

10
.0
1)

∗
<0

.0
01

7.
56

(3
.5
,1
7.
34
)∗

<0
.0
01

H
em

ato
m
ag

ro
wt
h#

>
6m

l,
N

(%
)

13
(1
0.
08
%
)

65
(5
0.
39
%
)

9.
06

(4
.6
7,

17
.5
5)

∗
<0

.0
01

8.
09

(3
.4
8,
20
.2
6)

∗
<0

.0
01

H
em

ato
m
ag

ro
wt
h#

>
33
%
,N

(%
)

19
(1
4.
73
%
)

58
(4
4.
96
)

4.
72

(2
.6
4,

8.
77
)∗

<0
.0
01

10
.6
8
(4
.5
4,
27
.3
3)

∗
<0

.0
01

A
bb
re
vi
at
io
ns
:O

R
:o
dd

s
ra
ti
o;
C
I:
co
nfi

de
nc
e
in
te
rv
al
;I
C
H
:i
nt
ra
ce
re
br
al
he
m
or
rh
ag
e;
B
P
:b
lo
od

pr
es
su
re
;P

LI
C
:p

os
te
ri
or

lim
b
of

in
te
rn
al
ca
ps
ul
e;
G
C
S:
G
la
sg
ow

C
om

a
Sc
al
e.

# T
he

in
de
pe
nd

en
t
va
ri
ab
le
s
w
er
e

br
ou

gh
t
in
to

m
ul
ti
va
ri
ab
le

lo
gi
st
ic

re
gr
es
si
on

,
re
sp
ec
ti
ve
ly
.
∗
St
at
is
ti
ca
lly

si
gn
ifi
ca
nt

fi
nd

in
g.

N
or
m
al
ly

di
st
ri
bu

te
d
co
nt
in
uo

us
va
ri
ab
le
s
ar
e
su
m
m
ar
iz
ed

by
m
ea
ns

±
SD

,
an
d
sk
ew

ed
co
nt
in
uo

us
va
ri
ab
le
s
ar
e

pr
es
en
te
d
as

m
ed
ia
ns

an
d
in
te
rq
ua
rt
ile

ra
ng
es

(I
Q
R
).

6 BioMed Research International



ICH (P > 0:05). All adjusted OR values are summarized in
Tables 2 and 3. Other independent risk factors were age,
GCS score, baseline ICH volume, and PLIC involvement,
whereas IVH was an independent factor of mRS > 3 only
in patients with basal ganglia ICH (OR 3.16, 95% CI, 1.24,
8.43. P = 0:017).

The predictive performance of the HE thresholds for
basal ganglia ICH is shown in Table 4. All HE thresholds
showed higher specificity than sensitivity, and the two abso-
lute growth thresholds showed a high accuracy rate of
70.16%. Hematoma growth > 6ml had the highest specificity
and positive predictive value. The predictive values of rela-
tive growth > 33% were lower compared to the absolute
growth thresholds except for the specificity. Although hema-
toma growth > 3ml or >33% showed the highest sensitivity
and negative predictive value, the accuracy of their combina-
tion was not better than that of the absolute hematoma
growth thresholds.

As shown in Figure 3, the correlations between most var-
iables were similar in thalamic and basal ganglia ICH. How-
ever, PLIC involvement and HE (growth > 3ml or >33%)
had a higher correlation in thalamic ICH compared to
basal ganglia ICH (0.24 vs. 0.03). Thus, the correlation
between PLIC involvement and mRS > 3 and between HE
and mRS > 3 varied at the two ICH locations. In addition,
thalamic ICH without PLIC involvement also had a lower
possibility of HE (P = 0:009). No such difference was seen
in basal ganglia ICH (Table 5).

4. Discussion

This retrospective study demonstrated the differential prog-
nostic impact of HE in patients with deep ICH. Thalamic
ICH had a smaller volume at baseline CT and a low risk of
HE but was more likely to initially involve PLIC (Figure 4).
We further found that in the absence of PLIC involvement,
thalamic ICH was less likely to develop HE. Since baseline
hemorrhage volume and PLIC involvement both correlate
significantly with mRS > 3 [20], in multivariate analysis,
the effect of HE on functional prognosis was largely replaced
by the two variables; the adjusted ORs of thalamic hema-
toma growth were not significant, whereas basal ganglia
ICH had a lower incidence of PLIC involvement at both
baseline and follow-up CT and tended to absolute growth
leading to an increase in hematoma volume. So, all HE
thresholds were independent risk factors for the poor func-
tional outcome in basal ganglia ICH, and absolute ICH
growth thresholds showed greater predictive power.

Consistent with previous studies [11, 21], advanced age,
GCS score, presence of IVH, and PLIC involvement were
also associated with mRS > 3. In our study, 95.95%
(403/420) of the patients were found with hypertension.
Though patients with poor outcome had higher systolic BP
on admission, the difference was not significant. Recent evi-
dence [22, 23] suggested that intensive BP reduction
(systolic BP < 140mmHg), especially within ultraearly time
frame, could attenuate HE and improve outcome in ICH
patients, whereas the treatment in this study was to reduce
and maintain a systolic BP target of 160mmHg.

The incidence of HE was lower in thalamic versus basal
ganglia ICH, although the difference was not significant
when using the relative growth threshold > 33%. Previous
studies [24, 25] have associated HE with large hematomas.
The lower volume of thalamic ICH (9:55 ± 6:85ml) com-
pared to that of basal ganglia ICH may be attributed to the
lower incidence of HE.

Early identification of different HE thresholds might be
helpful to adopt different strategies for ICH patients at high
risk of hematoma growth. An ideal definition of HE in trials
of hemostatic therapies should perform well in capturing a
reasonable proportion of patients and must exceed MDD
[17]. ICH absolute growth of 6ml and relative growth of
33% have been frequently used as the minimally important
threshold of HE to avoid measurement errors [11, 18, 24].
However, Rodriguez-Luna et al. calculated hematoma vol-
ume using computerized planimetry software and found that
the MDDs ranged from 0.56ml to 2.52ml in the intra- and
interobserver tests, respectively, when the hemorrhage vol-
umes were less than 30ml [26]. A recent study found that
patients with deep ICH was vulnerable to the deleterious
effects of small threshold of HE [27]. In our study, baseline
volume of deep ICH was 17:94 ± 13:91ml, and we used the
similar method to measure hematoma volume and found
that the threshold of ICH volume > 3ml was a reliable index.

For predicting mRS > 3 in patients with basal ganglia
ICH, the absolute hematoma growth thresholds were more
accurately predictive compared to the relative threshold,
although their combination was not superior. The positive
predictive value increased at the expense of sensitivity, which
may exclude some patients who developed HE. The ICH
volume in the follow-up CT had increased by 3.68ml and
3.41ml in two patients (designated A and B, respectively,
in Figure 5), even though the relative increase in hematoma
volume was only 24.22% in patient B, and the mRS of
patient B rose to 4 after HE. We also observed that thalamic
ICH without PLIC involvement was less likely to develop

Table 4: Performance of the HE thresholds for the prediction of the poor outcome (mRS > 3)a in basal ganglia ICH.

HE Frequency, N (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Growth > 3ml 100 (38.76) 58.91 81.4 76 66.46 70.16

Growth > 6ml 78 (30.23) 50.39 89.92 83.33 64.44 70.16

Growth > 33% 77 (29.84) 44.96 85.27 75.32 60.77 65.12

Growth > 3ml or 33% 105 (40.7) 60.47 79.07 74.29 66.67 69.76

Growth > 6ml or 33% 90 (34.88) 54.26 84.5 77.78 64.88 69.38

Abbreviation: mRS =modified Rankin scale; HE = hematoma expansion; PPV= positive predictive value; NPV = negative predictive value. aN = 258.
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Table 5: The relationship of hematoma expansion with the posterior limb of internal capsule involvement in deep ICH.

HE (growth > 3ml or >33%)
Posterior limb of internal capsule involvement, N (%)

Thalamic ICH (N = 147) Basal ganglia ICH (N = 273)
Yes No P Yes No P

Yes 25 (17.0%) 7 (4.76%)
0.009

23 (8.43%) 86 (31.50%)
0.749

No 60 (40.82%) 55 (37.42%) 32 (11.72%) 132 (48.35%)

Abbreviations: ICH: intracerebral hemorrhage; HE: hematoma expansion.

Age

BV

IVH

PLICI

HE

mRs>3

–0.12 –0.01 0.030.03 0

–0.42

0.47 0.49

0.58

–0.41–0.15 –0.14–0.2

0.2

0.3

0.33 0.26
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Figure 3: Correlation coefficient matrix of the covariates and poor outcomes: (a) thalamic ICH and (b) basal ganglia ICH. GCS: Glasgow
Coma Scale; BV: baseline volume; PLICI: posterior limb of internal capsule involvement; IVH: intraventricular hemorrhage; HE: hematoma
expansion (growth > 3ml or >33%).
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HE, which can be attributed to the lower pressure of the
medial thalamic artery rupture that results in smaller ICH
volume and a lower incidence of HE than that in the lateral
thalamus. In addition, the inherent structural differences
between the medial and lateral thalamus may also limit
HE. As opposed to dense gray matter containing cell nuclei,
thalamic ICH involving PLIC is likely to expand toward the
loose white matte.

Our study specifically assessed the relationship between
HE and functional outcome separately among thalamic
ICH and basal ganglia ICH groups, making it more of a
“location-specific” evaluation method, rather than using a
“one size fits all” method for all HE. Several limitations
of the study ought to be addressed. Some potential covar-
iates were not recorded or incomplete, such as the
National Institutes of Health Stroke Scale (NIHSS) scores.
INR and platelet count were missed in nearly half of the
patients, but the remaining patients all had medical
records with normal coagulation function. Furthermore,
the time from symptom onset to baseline CT (median, 3
hours; IQR, 2-4 hours) in our study was longer than that
in other studies [3, 17], which also affects the frequency of
HE [28]. In addition, we excluded patients without follow-
up imaging, which may have biased the effect of ICH loca-
tion on the early clinical outcome. The patients that
underwent hematoma stereotactic evacuation or additional
craniectomy had a higher survival rate compared to
patients who received conservative treatment [12], which

may have partially affected the results. The primary out-
come of this study was the mRS at the short follow-up
of 30 days, which is a measure of motor disability and
neglects quality of life. Finally, we did not consider IVH
expansion that is strongly predictive of poor outcome
[29, 30]. Therefore, the overall and long-term prognoses
of these patients need to be studied further to validate
our findings.

In conclusion, HE has different prognostic impact in
thalamic and basal ganglia ICH. HE is not an independent
risk factor for the poor functional outcome in thalamic
ICH but robustly predicts a poor outcome in basal ganglia
ICH regardless of growth threshold, and absolute growth is
more predictive of short-term poor functional outcome than
relative growth.

Data Availability

The datasets used and analyzed during the current study are
available from our corresponding author on reasonable
request.
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A1 A2

B1 B2

Figure 4: Thalamic hemorrhage with the posterior limb of internal
capsule involvement. Patient A is a 71-year-old male with right
thalamic hemorrhage, the baseline CT (A1) scan was performed
1.5 hours after symptom onset, and the follow-up CT (A2)
showed that hemorrhage had not expanded. Patient B is a 55-
year-old woman with right thalamic hemorrhage, and the follow-
up CT (B2) showed hemorrhage increased by 3.66ml than the
initial volume (B1).

A1 A2

B1 B2

Figure 5: Basal ganglia hemorrhage. Patient A is a 59-year male
with left basal ganglia hemorrhage, the baseline CT (A1) scan was
performed 40 minutes after symptom onset and 24 hours later,
the hemorrhage increased by 3.68ml (A2), and the mRS was 2 at
day 30. Patient B is a 54-year male, the baseline CT (A1) scan
was performed 2 hours after symptom onset, and hemorrhage
volume was 14.08ml; the follow-up CT (B2) showed that
hemorrhage increased by 3.41ml (24.22%), and mRS was 4 at day
30.
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