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Abstract
While intracerebral hemorrhage (ICH) scoring systems provide mortality and morbidity prediction, the actual mortality rates
seem to be lower than those predicted by scoring systems in our clinical impression. To assess the validity of the ICH score and
the Surgical Swedish ICH (SwICH) score, we retrospectively reviewed surgically treated ICH patients between 2012 and 2019.
Uni- and multivariate analyses were performed to identify variables in predicting 30-day mortality. We identified 203 patients
(mean ICH score 2.7; mean SwICH score 2.0). The actual 30-day mortality was 7%, which was significantly lower than those
predicted by the ICH and the SwICH scores (55% and 16%, respectively; p < 0.001). Both scores were strongly correlated with
the modified Rankin scale (mRS) at discharge (correlation coefficient 0.97 and 0.98; critical value 0.81). The only significant
prognostic factors for the 30-day mortality by multivariate analysis were anisocoria (p = 0.03) and preoperative Glasgow Coma
Scale (p = 0.03). These two factors also predicted mRS at discharge (p < 0.001). After discharge, 15% of patients improved
regarding mRS and 29% of wheelchair-bound patients gained the ability to ambulate. No significant relationship existed between
the degree of recovery after discharge and preoperative ICH score (p = 0.25). The ICH and SwICH scores were more valid in
predicting morbidity, rather than mortality after surgical intervention for ICH. Anisocoria and Glasgow Coma Scale < 7 were the
only two factors that predicted 30-day mortality and morbidity at discharge.
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Introduction

Intracerebral hemorrhage (ICH) is one of the most fatal types
of stroke accounting for 15–30% of all cerebrovascular acci-
dents [1]. ICH scoring systems are well-known for predicting
30-day mortality and 12-month functional outcome [1–4].
Moreover, neurosurgeons from Sweden recently published
the Surgical Swedish ICH (SwICH) score, reflecting their hy-
pothesis that surgical hematoma evacuation provides a surviv-
al benefit [2]. However, the authors’ clinical impression amid
the care of ICH patients was that the actual mortality was
much lower than the predicted scores. In response to that,
the authors aimed to evaluate the external validity of the

ICH and SwICH scores and summarize the outcome of ICH
patients over the past years to create our own prognostic
scheme.

Methods

We retrospectively reviewed patients who underwent surgical
intervention for ICH between January 2012 and March 2020.
Our institutional review board did not require informed con-
sent for the study participation because this study relied on
information obtained as part of routine clinical practice. The
exclusion criteria were traumatic causes and ICH secondary to
aneurysmal subarachnoid hemorrhage. The following vari-
ables were collected from their medical charts: age, sex, the
date and style of surgery, date of diagnosis of ICH, initial
Glasgow Coma Scale (GCS), presence of anisocoria, hemato-
ma sites, hematoma volume at the initial computed tomogra-
phy (CT), the degree of midline shift in case of supratentorial
ICH, the degree of prepontine cistern obscuration in case of
infratentorial ICH, presence of acute hydrocephalus, presence
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of intraventricular hematoma (IVH), subsequent shunt sur-
gery, presence of subarachnoid hemorrhage (in putaminal
hemorrhage cases), past medical history (hypertension, diabe-
tes mellitus, myocardial infarction), medications (antiplatelets
or anticoagulants), preoperative laboratory data (hemoglobin
A1c, lactate dehydrogenase, white blood cell count, platelet
count, prothrombin time international normalized ratio, d-di-
mer), pathology from surgical specimen, and outcome (mod-
ified Rankin scale (mRS) at discharge and the latest follow-up,
30-day mortality, length of stay, and mortality at the time of
the last follow-up). Hematoma volume was calculated using
the ABC/2 method, where A was the largest diameter in the
axial image, B the diameter perpendicular to A, and C the
height of the hematoma measured by coronal image or, if
the coronal image was not available, the number of axial slices
of hemorrhage multiplied by slice thickness.

Based on these variables, the ICH score [3] and SwICH
score [2] were calculated to assess their validity in our popu-
lation. The ICH score factors into the GCS score (2 points for
3–4, 1 point for 5–12, 0 for 13–15), ICH volume (1 point for
30 mL or more), IVH (1 point for the presence of IVH),
infratentorial origin (1 point for infratentorial hemorrhage),
and age (1 point for 80 years old or older) and ICH is stratified
based on the calculated score of 0–6 [3]. The SwICH score
factors into GCS, age, ICH volume, type 2 diabetes, and prior
myocardial infarction making a total score range of 0–6 [2].
We also analyzed prognostic factors for 30-day mortality. The
latest status of our patients after discharge was also assessed.

Statistical analysis

Statistical analyses were carried out usingMicrosoft Excel, IBM
SPSS Statistics 25, andKyPlot 6.0. A p value of 0.05 or less was
considered statistically significant. Categorical and continuous
variables were analyzed using the Chi-squared test and
Student’s t test, respectively. Analysis of variance was used for
comparisons of means between more than two groups. The
regression lines of actual and predicted 30-day mortality were
drawn and analyzed using a parallelism test. For prognostic
factor analysis, univariate regression analysis was performed
first, and multivariate logistic regression and Cox regression
analyseswere performed by including only thosewhose p values
were less than 0.1 in the univariate analysis.

Results

Baseline characteristics

Patient characteristics are shown in Table 1. A total of 203
patients were identified and their mean age at diagnosis was
66 years. Themean ICH and SwICH scores were 2.7 (range, 0–
6) and 2.0 (range, 0–5), respectively. The putamenwas themost

common site of hemorrhage (39%), followed by subcortical
hemorrhage (30%). Among the 80 putaminal hemorrhages,
21 (27%) showed subarachnoid hemorrhage (SAH) inside the
Sylvian cistern. The average hematoma volume between those
with Sylvian cistern SAH and those without were 87 mL and
71 mL, respectively, which was statistically significant
(p < 0.05) (not shown in a table). IVH was found in 146 pa-
tients, most of which were secondary extensions from ICH

Table 1 Characteristics of cohorts applicable to calculating ICH score

Total number of patients 203

Age (range) 66 (0–94)
Sex (male: female) 115: 88
Site
Putamen 80 (39%)
Subcortical 61 (30%)
Cerebellum 28 (14%)
Thalamus 20 (10%)
Caudate 9 (4%)
IVH (primary) 5 (2%)

Hematoma volume (range in mL) 59 (1–170)
Midline shift (range in mm) 7.3 (0–24.2)
IVH (secondary to ICH) 141 (71% of ICH)
Subsequent shunt surgery 14 (10% of IVH)
Hypertension 154 (76%)
DM 37 (18%)
Myocardial infarction 2 (1%)
Anisocoria 46 (23%)
GCS (average ± SD) 8.9 ± 3.8
13–15 54 (27%)
5–12 123 (61%)
3–4 26 (13%)

Antiplatelets or anticoagulants 50 (25%)
ICH score (average ± SD) 2.7 ± 1.0
SwICH score (average ± SD) 2.0 ± 1.0
Operation
Open surgery 165 (81%)
Endoscopic surgery 33 (16%)
Others 5 (2%)

Etiology
Hypertension 135 (67%)
Cerebral amyloid angiopathy 19 (9%)
Moyamoya disease 6 (3%)
Othersa 43 (21%)

Length of stay (days) (average ± SD) 45 ± 2
Length of follow-up (days) (average ± SD) 318 ± 38
mRS at discharge
Mean ± SD 4.2 ± 0.06
0–3 30 (15%)
4–5 155 (76%)
6 18 (9%)

mRS at the last follow-upb

Mean ± SD 4.0 ± 0.13
0–3 33 (34%)
4–5 42 (43%)
6 23 (24%)

DM diabetes mellitus, IVH intraventricular hematoma
a Includes arteriovenous malformation (5), hematological disorder (5),
hemorrhagic infarct (3), brain tumor (2), cerebral venous thrombosis
(2), placental abruption (1), purulent angiitis (1), and undetermined (24)
b Refer to Table 4 for more details
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(97%), and primary IVH accounted for 3%. Of 146 IVH cases,
14 (10%) resulted in subsequent shunt placement. One patient
had already been shunted for idiopathic normal pressure hydro-
cephalus and one underwent endoscopic third ventriculostomy.

Mortality and its validation of ICH scores

The 30-day mortality rate was 7% (15 of 203). Three patients
died after 30 days, and five patients died after discharge during
the average follow-up of 318 days. The survival curve is
shown in Fig. 1 and the validity of both the ICH and SwICH
scores is shown in Fig. 2a, b. A large gap existed between the
actual 30-day mortality and predicted 30-day mortality. The
gap was smaller between the actual 30-day mortality and 30-
day mortality predicted by the SwICH score than by the ICH
score. The two lines (actual mortality and predicted mortality)
were significantly different from each other (p < 0.001).

Morbidity and its validation of ICH scores

Contrary to the mortality described above, both scores were
significantly correlated with mRS at discharge. The correla-
tion coefficient of mRS at discharge and the ICH score was
0.97 (critical value 0.81), while the correlation coefficient of
mRS at discharge and the SwICH score was 0.98 (critical
value 0.81). As seen in Table 1, the average length of stay
was 45 days.

The status of mRS after discharge is shown in Table 2. Of
the 80 patients (39%) able to gain the latest mRS after dis-
charge, 38% (30 of 80) improved overall with physical medi-
cine and rehabilitation using an appropriate device. Of note,
29% (16 of 56) of those unable to walk at the time of transfer
to the rehabilitation hospital gained the ability to ambulate in-
dependently with orthoses or walking aids. Although 50% (40
of 80) remained unchanged with respect to mRS, their function-
al independence measure improved by rehabilitation. For those
whose mRS worsened (10 patients), the causes were aspiration
pneumonia (three patients), preexistingmalignancy progression
(one patient had glioblastoma, the other two patients had

cancers outside the brain), airway bleeding secondary to chron-
ic kidney disease (one patient), another ICH (one patient), se-
nescence (one patient), and unknown (one patient). Of all, four
patients (aspiration in 3 and another ICH in 1) were associated
with the insult caused by ICH. Finally, there were no significant
differences in ICH scores between the improved, unchanged,
and worsened groups (p = 0.25).

Prognostic factors in our cohort

The relationship between factors and the 30-day mortality is
shown in Table 3. Anisocoria, preoperative GCS, white blood
cell count, and residual hematoma were statistically signifi-
cant prognostic factors by univariate analysis. Age, hematoma
volume, IVH, and history of diabetes mellitus or myocardial
infarctionwere not significant factors for 30-daymortality. On
multivariate analysis, anisocoria and preoperative GCS were
found to be significant (both p = 0.03).

Based on the preoperative status of pupils and GCS, the
patients could be classified into four groups (Table 4). Both
mortality and mRS were significantly correlated with these
two preoperative factors (p < 0.001). It should be noted that
none of those with isocoria and GCS > 7 preoperatively
(group 1) died by day 30. On the other hand, 23% of
anisocoric patients with GCS ≤ 7 (group 4) died by day 30,
and when they survived, most of them ended up bedridden at
the time of discharge.

Discussion

This study showed that the 30-day mortality of surgically
treated ICH patients was significantly lower than that predict-
ed by the ICH and SwICH scores. Anisocoria and preopera-
tive GCS were found to be the only two significant prognostic
factors for 30-day mortality and morbidity at discharge.

Baseline characteristics

When the population of the original study of ICH score was
compared with our patient’s characteristics, age, sex, initial
GCS, and site of hemorrhage were similar [3]. The presumed
etiology was similar to that reported in previous studies, with
hypertension being the primary cause, followed by cerebral
amyloid angiopathy, arteriovenous malformation ruptures,
and other causes [5, 6]. However, the mean hematoma volume
was higher than that of other studies [3, 7, 8]. This may be due
to our study design, where only surgical intervention was
performed. The proportion of patients on antiplatelet or anti-
coagulant drugs (25%) was similar to that reported in a previ-
ous study [2]. Overall, our patient cohort was not much devi-
ated in its baseline characteristics from previous studies except
for higher hematoma volume (Table 1).

Fig. 1 Survival curves after surgery. More than 80% of the patients
survived at 1 year
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Mortality

The 30-day mortality predicted by either the ICH or SwICH
scores did not match the actual mortality in our cohort (Fig. 2).
The dissociation between the actual and predicted mortality
may be attributed to (1) the proportion of the surgical inter-
vention group, (2) difference in the style of acute phase man-
agement, and (3) other reasons. In the original ICH score

article, the surgical hematoma evacuation arm consisted of
only 13% of the cohort [3]. In other studies that verified the
ICH score mortality, the surgical arm consisted of only 7%
[9]. Furthermore, the mortality predicted by SwICH, exclu-
sively applied to the open surgery group [2], was closer to the
actual mortality (Fig. 2b). Another possibility could be that the
degrees of medical, nursing, and rehabilitation care were dif-
ferent. Due to the national medical insurance system in our
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actual predictedbFig. 2 Morbidity and mortality of
ICH and SwICH scores in our
cohort. The actual mortality was
significantly lower than predicted
by both ICH (a) and SwICH (b)
scores. Modified Rankin Scale
(mRS) at discharge correlated
well with both scores (c). SwICH
score of 6 did not exist in our co-
hort and mRS corresponding to
SwICH score of 6 was not marked

Table 2 Modified Rankin Scale
after discharge Status change

Total 203

mRS change (before➔ after) Major site of hemorrhage ICH score

Improved

30 (15%)

2➔ 0: 1

3➔ 0: 1

3➔ 2: 5

4➔ 2: 1

4➔ 3: 15

5➔ 4: 7

Caudate: 1 (11%)

Cerebellum: 7 (25%)

Putamen: 11 (14%)

Subcortical: 11 (18%)

1: 4 (19%)

2: 14 (22%)

3: 8 (10%)

4: 3 (11%)

5: 1 (20%)

Unchanged

40 (20%)

3➔ 3: 10

4➔ 4: 26

5➔ 5: 4

Caudate: 1 (11%)

Cerebellum: 4 (14%)

IVH: 1 (20%)

Putamen: 17 (21%)

Subcortical: 15 (25%)

Thalamus: 2 (10%)

1: 6 (29%)

2: 14 (22%)

3: 17 (21%)

4: 3 (11%)

Worsened

10 (5%)

1➔ 4: 2

3➔ 5: 1

3➔ 6: 1

4➔ 5: 2

4➔ 6: 2

5➔ 6: 2

Cerebellum: 2 (7%)

Putamen: 1 (1%)

Subcortical: 5 (8%)

Thalamus: 2 (10%)

0: 1 (100%)

1: 3 (14%)

2: 3 (5%)

3: 2 (2%)

4: 1 (4%)

Others

123 (61%)

Alivea: 15 (7%)

Dead at the time of discharge: 18 (9%)

Lost to follow up: 90 (44%)

mRS modified Rankin Scale, ICH intracerebral hemorrhage
a Known they are alive, but mRS was not available in the medical chart
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country, practically all patients could receive the same quality
of treatment unless their families or relatives wished other-
wise. This may partially explain the difference in the acute

care management of ICH. Another potential reason for the
dissociation could be that the ICH score, calculated 24 h from
the presentation, may be a better predictor [10]. Unfortunately,

Table 3 Analysis of 30-day mor-
tality based on various factors Total Died at 30-day Univariate analysis (p value) Multivariate

analysis (p value)

Age 0.07 0.13

Sex 0.42

Male 115 10

Female 88 5

Site 0.36

Caudate 9 0

Cerebellum 28 1

IVH 5 1

Putamen 75 5

Subcortical 47 4

Thalamus 20 4

Side 0.17

Right 96 9

Left 75 3

Volume 0.24

Midline shift 0.20

IVH 0.90

Yes 146 11

No 57 4

BMI 0.42

Anisocoria 0.005 0.03

Yes 46 8

No 143 6

GCS 0.005 0.03

> 7 107 1 0.006

≤ 7 94 13

Antiplatelets or anticoagulants 0.16

Yes 50 6

No 153 9

Hypertension 0.14

Yes 154 8

No 43 5

DM 0.68

Yes 37 2

No 163 12

Myocardial infarction 1

Yes 2 0

No 197 13

LDH 0.84

Plt 0.31

WBC 0.03 0.11

PT-INR 0.93

D-dimer 0.43

Form of operation 0.52
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since the 24-h ICH score was not available in all patients, we
were not able to assess this possibility.

Morbidity

In contrast to mortality, both the ICH and SwICH scores
showed a correlation with the mRS at discharge, in line with
previous literature [4]. Both the ICH and SwICH scores were
valid for predicting morbidity. A statistically significant cor-
relation was observed in our study (Fig. 2c). Thus, these
scores may be useful for predicting morbidity, rather than
mortality, independent of where medicine is practiced.
Mortality may differ between countries depending on the so-
cial environment surrounding the medical practice.

Of the 80 patients followed-up after discharge, 38% im-
proved in mRS. Up to 29% of patients unable to walk inde-
pendently were ambulatory after going through the rehabilita-
tion hospitals. These findings were similar to those of a pre-
vious study [4, 11]. No significant tendency existed in the
mRS status change based on the ICH score (Table 2) and this
was similar for the four groups (Table 4), where improved
patients existed regardless of preoperative severity. Hence,
every patient can improve with help and we should not give
up on them no matter how severe is their preoperative neuro-
logical function. Of the 10 (13%) worsened patients, the most
common reasons were repeated aspiration pneumonia (30%)
and malignancy (30%). Aspiration pneumonia may be due to
ICH. Forty percent of the deterioration could be attributed to
ICH, but not all patients died because of ICH. Although the
medical cost is not negligible [12], we should not readily give
up on radiologically devastating ICH. Even the worst prog-
nostic group 4 patients (Table 4) had a good chance of surviv-
al and room for improvement after discharge.

Prognostic factors in our cohort

The only significant prognostic factors for 30-day mortality
were anisocoria and preoperative GCS (Table 3). This was
consistent with our initial impression when we encountered
patients with ICH. However, contrary to our expectations, the

size of the hematoma, hematoma extension to the ventricle
(IVH), or age were not statistically significant. The reasons
for this may be due to the three possibilities described above.
Regardless of the hematoma’s largeness, timely management
of intracranial pressure may decrease the patient’s mortality,
although not necessarily morbidity. The same principle may
apply to the status of IVH by placing endoscopic ventricular
drainage or endoscopically removing the hematoma. The de-
gree of midline shift (supratentorial hematoma) or radiological
obscuration of the prepontine cistern (cerebellar hemorrhage)
were not significant factors. These findings are similar to those
of a previous study, where the midline shift of more than
5 mm was not significant in the multivariate analysis [6].
The status of anticoagulants, antiplatelets, or platelet count
was not a significant factor. This suggests that although these
factors may be negative in the surgical intervention, once ap-
propriate reversal agents were administered and meticulous
hemostasis achieved intraoperatively, mortality was not af-
fected. Regarding the effects of anticoagulants or antiplatelets
on the prognosis, some studies implied that they were not
significant factors [2, 3] similar to our findings, whereas
others reported that they were [13, 14].

Based on our findings, we proposed to stratify the patients
into four groups (Table 4). This stratification was simple and
could be performed quickly, requiring only physical examina-
tions. Since this grouping method was significantly correlated
with mortality and morbidity, prospective analyses are war-
ranted to further validate this classification.

Limitations

The retrospective nature and the different medical practice
customs, as well as the national insurance system were the
major limitations to our study. However, it is worth noting
that the ICH mortality rate is better than what is predicted by
the current scoring systems in some countries. Due to its ret-
rospective nature, there was some missing information about
the variables. Another drawback was the different patient pop-
ulations. It may be possible that more severe cases were not
included in our cohort, potentially inducing a selection bias.

Table 4 Thirty-day mortality and
average mRS at discharge based
on the status of anisocoria and
preoperative GCS

Group Physical findings 30-day mortality mRS at discharge mRS change after discharge

1 Isocoria GCS > 7 0% (0/88) 3.7 Improved 14 (33%)

Worsened 7 (16%)

2 Anisocoria GCS > 7 7% (1/15) 4.3 Improved 2 (33%)

Worsened 0 (0%)

3 Isocoria GCS ≤ 7 10% (6/61) 4.6 Improved 8 (44%)

Worsened 2 (11%)

4 Anisocoria GCS ≤ 7 23% (7/31) 4.9 Improved 3 (33%)

Worsened 1 (11%)
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The mean SwICH scores of the original cohort and ours were
2.4 [2] and 2.0, respectively (p < 0.001). The mean of the ICH
scores of the original cohort and ours were 2.2 [3] and 2.7
respectively (p < 0.001). Consequently, it may be possible that
the SwICH score was not properly evaluated by our cohort.
Finally, evaluating morbidity based on mRS may not be suf-
ficient in some cases, since the status of paralysis (or paresis)
strongly affects mRS (3 or 4).

Conclusions

The mortality of ICH in this study was better than what was
expected from the ICH score or the SwICH score. Anisocoria
and GCS < 7 were the two predictive factors for 30-day mor-
tality and morbidity.
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