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Purpose: Postoperative rebleeding (PRB) is one of the most severe complications after 
hematoma evacuation of spontaneous intracerebral hemorrhage (ICH). PRB has been proven 
to be an independent risk factor for poor prognosis. Previous studies have shown that spot 
sign and blend sign are independent risk factors for PRB of spontaneous ICH. However, the 
risk factors for PRB of spontaneous cerebellar hemorrhage (SCH) have not been elucidated. 
The aim of the present study was to investigate the possible risk factors for PRB and short- 
term prognosis of patients with SCH.
Patients and Methods: This study identified 62 patients with SCH who underwent 
hematoma evacuation in our department. Risk factors for PRB and short-term prognosis 
were identified by a univariable logistic regression model, and predictors with a P value of 
less than 0.05 were included in the multivariable logistic regression model to identify 
independent predictors. A receiver operating characteristic (ROC) curve was created to test 
the sensitivity and specificity of independent risk factors.
Results: Hematoma volume was the only independent predictor of PRB (OR=15.14, 95% 
CI=1.08–213.1, P=0.044). The sensitivity and specificity of hematoma volume to PRB were 
63.6% and 89.7%, respectively, and the cutoff value of hematoma volume was >29.3 mL. 
GCS score ≤8 (OR=5.131, 95% CI=1.030–25.554, P=0.046) and PRB (OR=13.17, 95% 
CI=1.316–131.798, P=0.028) were independent risk factors for poor prognosis of patients 
with SCH. The sensitivity and specificity of the GCS score to poor prognosis were 66.7% 
and 86.2%, respectively. The sensitivity and specificity of the PRB to poor prognosis were 
36.4% and 96.6%, respectively.
Conclusion: Hematoma volume is likely to be a strong predictor of PRB among patients 
with SCH. GCS scores ≤8 on arrival and PRB were significant predictors of short-term poor 
outcome.
Keywords: Glasgow Coma Scale, modified Rankin Scale, postoperative rebleeding, 
spontaneous cerebellar hemorrhage, spontaneous intracerebral hemorrhage

Introduction
Spontaneous intracerebral hemorrhage (ICH) affects approximately 2 million persons 
worldwide annually. ICH is a relatively common subtype of stroke, and it is associated 
with high mortality and functional disability rates.1,2 Spontaneous cerebellar hemor-
rhage (SCH) accounts for 10% of all ICHs and leads to more devastating conse-
quences, with a 30-day mortality rate ranging from 30% to 50%.3,4 Hematoma 
evacuation for SCH may prevent secondary brain injury, brainstem compression, 
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fourth ventricle blockage, obstructive hydrocephalus, and 
herniation.5–9 Although it is unclear whether surgical treat-
ment of spontaneous ICH can improve the prognosis of 
patients compared with conservative treatment, a reduction 
in surgical complications is considered to improve patient 
outcomes.8–11

Postoperative rebleeding (PRB) is one of the most 
severe complications after hematoma evacuation for spon-
taneous ICH. PRB has been proven to significantly 
increase the mortality of ICH patients and is an indepen-
dent risk factor for poor prognosis.12 Previous studies have 
shown that spot sign and blend sign are independent risk 
factors for PRB of spontaneous ICH.13–15 However, the 
risk factors for PRB of SCH have not been fully eluci-
dated. In the present study, we aimed to investigate the 
possible risk factors for PRB and the short-term prognosis 
of patients with SCH.

Materials and methods
Patients and Methods
Exclusion Criteria
In this retrospective cohort study, 69 SCH patients who 
underwent surgical evacuation at the Department of 
Neurosurgery at The First Affiliated Hospital (YiJiShan 
Hospital) of Wannan Medical College during 2014–2020 
were analyzed. The exclusion criteria included: (1) 
patients younger than 18 years old at the time of diagnosis; 
(2) SCH secondary to tumor or vascular anomalies (aneur-
ysms, arteriovenous malformations, moyamoya disease, 
and arteriovenous fistulas); (3) patients who died within 
24 hours after the initial operation or died before the 
postoperative computed tomography (CT) examination 
was performed; and (4) patients with missing data. 
Patients with coagulopathy were not excluded.

The Surgical Indications and Procedure
The surgical indications were hematoma > 3 cm in dia-
meter or signs of brainstem compression and/or 
hydrocephalus.16,17 All patients underwent craniotomy 
hematoma evacuation under general anesthesia. Surgery 
was only ended after ensuring that there was no active 
bleeding during the procedure. In patients with SCH that 
was associated with obvious acute hydrocephalus and/or 
a massive ventricular hematoma, ventricular drainage was 
performed simultaneously. During the operation, if the 
brain pressure was still high after the hematoma was 
evacuated, craniectomy was performed simultaneously.

CT Scan and Imaging Analysis
Cranial CT scans at 12 hours prior to initial surgery, within 
24 hours, and 48–72 hours after initial surgery were per-
formed in all patients. The patients also underwent a CT 
scan when their neurological state significantly deterio-
rated. The occurrence of PRB was recorded during the 
first 72 hours following the surgery. PRB was defined as 
a new postoperative hematoma. The appearance of the new 
hematoma was different than the appearance on the preo-
perative CT scan, and the volume of the new hematoma was 
more than half of the original hematoma volume. PRB 
should be distinguished from residual hematoma based on 
the intraoperative record and consistency of the hematoma 
appearance between the postoperative and preoperative CT 
scans. The appearance of the residual hematoma was con-
sistent between the postoperative and preoperative CT scans 
(ie, the same shape and density) with no trace of the surgical 
procedure, while PRB displayed a different appearance 
between the postoperative and preoperative CT scans 
(Figure 1A–E).13,14

Hematoma volume was calculated as ∑ [Layer 
thickness×Area of each layer]. The area of each layer 
was measured using ImageJ software.18 The characteris-
tics of SCH on CT scan include black hole sign, island 
sign, swirl sign, and mixed density. The black hole sign 
was defined as: (1) a black hole (relatively hypoattenuated 
area) encapsulated within the hyperattenuating hema-
toma; (2) the black hole was not connected with the 
adjacent brain tissue, and the shape could be round, 
oval, or rod-like; (3) an identifiable border from the 
relatively hypoattenuated area; and (4) at least a 28 
Houns-field unit (HU) difference in density between the 
2 regions (Figure 1F).19 The island sign was defined as: 
(1) equal to or more than 3 small separated hematomas, 
small hematomas could be round or oval and are not 
connected with the main hematoma; (2) equal to or 
more than 4 small hematomas, all or some of which 
may connect with the main hematoma, and small hema-
tomas should be sprout-like or bubble-like but not lobu-
lated (Figure 1G).20,21 The swirl sign was defined as 
a low-density area surrounded by a high-density hema-
toma (Figure 1H).22,23 The mixed density was defined as 
a high-density and low-density hematoma irregularly 
mixed together (Figure 1I). Characteristics of the hema-
toma on CT scan were evaluated by 2 experienced neuro-
surgeons who were blinded to this study.
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Parameters Included in the Statistical Analysis
The following clinical and radiological parameters were 
collected and included in the statistical analysis: age, sex, 
diabetes mellitus, smoking, daily alcohol consumption, 

antiplatelet use, systolic blood pressure (SBP) on arrival, 
Glasgow Coma Scale (GCS) score at admission, thrombo-
cytopenia (defined as a platelet count less than 100×103/ 
mL), coagulopathy (defined as a prothrombin time- 

Figure 1 (A–C) Postoperative rebleeding; (D–E) hematoma residual; (F) black hole sign; (G) island sign; (H) swirl sign; (I) mixed density.
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international normalized ratio of > 1.4 or an activated 
partial thromboplastin time of ≥ 40 seconds.), early sur-
gery (defined as surgery performed within 8 hours post- 
hemorrhage), duration of surgery, hematoma volume, 
black hole sign, island sign, swirl sign, mixed density, 
and operation method (hematoma evacuation or hematoma 
evacuation + ventricular drainage). Short-term prognosis 
was assessed by using the modified Rankin Scale (mRS) at 
3 months after the initial surgery, and a mRS ≥ 4 was 
defined as a poor outcome.24–26

Statistical Analyses
All statistical analyses were performed with SPSS (version 
22.0, IBM Corp.). Data are presented as the numbers of 
patients (percentages) and the means ± SD (standard devia-
tion) for categorical and continuous variables, respectively. 
Predictors of PRB were first assessed using a univariable 
logistic regression model, and predictors with a P value of 
less than 0.05 were then included in the multivariable logistic 
regression model to identify independent predictors. 
A receiver operating characteristic (ROC) curve was created 
based on independent risk factors obtained from the multi-
variable logistic analyses, and cutoff values of the continuous 
variables were recorded. The interobserver agreement for 
identifying the hematoma characteristics was determined 
using kappa values. A P value of less than 0.05 was considered 
statistically significant.

Results
Baseline Characteristics
After screening, 62 patients who met the enrollment criteria 
were included in this study. The mean age of the patients at 
admission was 67.39 ± 10.21 years (age range, 36–87 years). 
There were 15 women and 47 men, and the ratio was 1:3.13. 
The PRB was observed in 13 patients (21%). Eight patients 
died within three months after the initial operation, two 
patients who died before the postoperative CT examination 
were excluded from the statistical analyses, and the mortality 
rate was 12.5% (8/64). Poor prognosis was observed in 33 
patients (53.2%). The average hematoma volume was 25.19 
± 10.02 mL. Other baseline clinical and radiological char-
acteristics of the patients are listed in Table 1.

Prevalence and Interobserver Agreement 
of Hematoma Characteristics
Of the 62 patients, the black hole sign was identified in 9 
patients (14.5%), the island sign was identified in 6 
patients (9.7%), the swirl sign was identified in 9 patients 

(14.5%), and mixed density was identified in 20 patients 
(32.3%). Interobserver agreement for the black hole sign, 
island sign, swirl sign, and mixed density was κ=0. 0.689, 
κ=0.742, κ=0.772, and κ=0.730, respectively (Table 2).

Predictors for PRB in Patients with SCH
As shown in Table 3, univariate logistic regression analy-
sis revealed that hematoma volume (OR=29.333, 95% 
CI=2.404–357.848, P=0.008), black hole sign 
(OR=7.031, 95% CI=1.546–31.977, P=0.012), and mixed 
density (OR=4.933, 95% CI=1.354–17.98, P=0.016) were 
associated with the PRB of SCH. A multivariate analysis 

Table 1 Baseline, Clinical, and Radiographic Characteristics of 
Patients with SCH

Characteristic Patients with SCH

Age (years) 67.39 ± 10.21

Female Sex 15 (24.2)

Diabetes mellitus 7 (11.3)
Smoking 10 (16.1)

Daily alcohol consumption 8 (12.9)

Antiplatelet drug 6 (9.7)
SBP on arrival (mmHg) 187.34 ± 33.36

GCS score ≤ 8 26 (41.9)
Thrombocytopenia 10 (16.1)

Coagulopathy 6 (9.7)

Early surgery 44 (71)
Duration of surgery (minutes) 240.19 ± 61.13

Hematoma volume (mL) 25.19 ± 10.02

Black hole sign 9 (14.5)
Island sign 6 (9.7)

Swirl sign 7 (11.3)

Mixed density 20 (32.3)
Hydrocephalus 14(22.6)

Operation method
HE 22 (35.5)

HE + VD 40 (64.5)

Abbreviations: GCS, Glasgow Coma Scale; HE, hematoma evacuation; SBP, systolic 
blood pressure; SCH, spontaneous cerebellar hemorrhage; VD, ventricular drainage.

Table 2 Radiological Characteristics and Interobserver 
Agreement (N=62)

Radiological 
Characteristics

Number of 
Patients with 

Positive Sign (%)

p value Interobserver 
Agreement 

(κ)

Black hole sign 9 (14.5) <0.001 0.689

Island sign 6 (9.7) <0.001 0.742

Swirl sign 7 (11.3) <0.001 0.772

Mixed density 20 (32.3) <0.001 0.730
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involving these three variables obtained in the univariate 
analyses was performed. Hematoma volume was the only 
independent predictor of PRB (OR=15.135, 95% 
CI=1.075–213.101, P=0.044). Next, an ROC analysis of 
the hematoma volume was performed. The sensitivity and 
specificity of hematoma volume to PRB were 61.5% and 
83.7%, respectively. The area under the curve (AUC) was 
0.747, 95% CI=0.621–0.849. The cutoff value of hema-
toma was >29.3 mL, suggesting that SCH patients with 
hematoma volumes greater than 29.3 mL are prone to PRB 
(Figure 2).

Predictors of Short-Term Poor Prognosis 
in Patients with SCH
In univariate logistic regression analysis, GCS score ≤ 8 
(OR=12.5, 95% CI=3.476–44.948, P<0.001), early sur-
gery (OR=3.176, 95% CI=1.003–10.059, P=0.049), hema-
toma volume (OR=17, 95% CI=1.683–171.703, P=0.016), 
and PRB (OR=16, 95% CI=1.926–132.899, P=0.01) were 
related to poor prognosis of patients with SCH. Because 
the P value of these four variables was less than 0.05, we 
next included them in the multivariable logistic regression 
model. The results revealed that GCS score ≤ 8 
(OR=5.131, 95% CI=1.030–25.554, P=0.046) and PRB 

(OR=13.17, 95% CI=1.316–131.798, P=0.028) were inde-
pendent risk factors for poor prognosis (Table 4). To assess 
the efficiency of the GCS score and PRB in predicting 
poor prognosis, we further conducted an ROC analysis on 
these variables. The sensitivity and specificity of the GCS 

Table 3 Logistic Regression Analysis of Predictors for PRB in Patients with SCH (N=13)

Predictors Crude Model Multivariable Model

OR 95% CI p value OR 95% CI p value

Age (per 10-yr increase) 1.200 0.147–9.768 0.865

Female Sex 0.208 0.025–1.757 0.149
Diabetes mellitus 1.600 0.273–9.374 0.602

Smoking 1.800 0.394–8.215 0.448

Daily alcohol consumption 2.640 0.540–12.914 0.231
Antiplatelet drug 2.045 0.331–12.636 0.441

SBP on arrival (per 20-mmHg increase) 1.833 0.318–10.573 0.498

GCS score ≤ 8 2.756 0.782–9.708 0.115
Thrombocytopenia 0.932 0.173–5.032 0.935

Coagulopathy 0.733 0.078–6.888 0.786

Early surgery 1.471 0.353–6.121 0.596
Duration of surgery (per 1-hr increase) 0.667 0.057–7.852 0.747

Hematoma volume (per 10-mL increase) 29.333 2.404–357.848 0.008 15.135 1.075–213.101 0.044

Black hole sign 7.031 1.546–31.977 0.012 4.087 0.674–24.791 0.126
Island sign 2.045 0.331–12.636 0.441

Swirl sign 2.150 0.458–10.103 0.332

Mixed density 4.933 1.354–17.980 0.016 3.732 0.834–16.701 0.085
Hydrocephalus 1.036 0.242–4.437 0.962

Operation method (HE + VD) 1.176 0.333–4.159 0.801

Abbreviations: CI, confidence interval; GCS, Glasgow Coma Scale; HE, hematoma evacuation; OR, odds ratio; SBP, systolic blood pressure; SCH, spontaneous cerebellar 
hemorrhage; VD, ventricular drainage.

Figure 2 ROC analysis of the hematoma volume to postoperative rebleeding.
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score to predict poor prognosis were 86.21% and 66.67%, 
respectively, and the AUC was 0.764, 95% 
CI=0.639–0.863. The sensitivity and specificity of PRB 
to poor prognosis were 36.4% and 96.6%, respectively, 
and the AUC was 0.67, 95% CI=0.533–0.780 (Figure 3).

Discussion
This study investigated whether clinical and radiographic 
parameters could predict PRB and short-term prognosis of 
SCH. The results proved that hematoma volume was the 
only independent risk factor for PRB. The likely reason is 
that a large volume of hematoma has a large surgical field, 
which increases the risk of rebleeding. GCS score at 
admission and PRB were independent risk factors for 
short-term poor prognosis of SCH. Other factors had no 
significant correlation with either PRB or short-term 
prognosis.

The incidence of PRB was 21%, higher than the pre-
viously reported 7.2–10.9%.13–15 One reason is that the 
incidence of PRB in the cerebellum is higher, and previous 
reports did not distinguish between supratentorial hema-
toma and cerebellar hematoma. Another reason is that the 
definition of PRB can differ. We defined it as a new 

postoperative hematoma, and the volume of the new 
hematoma was more than half of the original hematoma 
volume. Other authors define PRB as having a mass effect 

Table 4 Logistic Regression Analysis of Predictors for Poor Prognosis in Patients with SCH (N=33)

Predictors Crude Model Multivariable Model

OR 95% CI p value OR 95% CI p value

Age (per 10-yr increase) 2.222 0.192–25.723 0.523

Female Sex 1.437 0.441–4.682 0.547
Diabetes mellitus 0.310 0.055–1.737 0.183

Smoking 0.857 0.221–3.320 0.823

Daily alcohol consumption 1.548 0.336–7.130 0.575
Antiplatelet use 1.862 0.315–11.003 0.493

SBP on arrival (per 20-mmHg increase) 2.000 0.407–9.838 0.394

GCS score ≤ 8 12.500 3.476–44.948 <0.001 5.131 1.030–25.554 0.046
Thrombocytopenia 4.320 0.836–22.320 0.081

Coagulopathy 0.403 0.068–2.385 0.317

Early surgery 3.176 1.003–10.059 0.049 1.237 0.263–5.821 0.788
Duration of surgery (per 1-hr increase) 1.524 0.250–9.295 0.648

Hematoma volume 17.000 1.683–171.703 0.016 0.216 0.014–3.229 0.267

Black hole sign 3.635 0.690–19.138 0.128
Island sign 5.000 0.548–45.579 0.153

Swirl sign 3.647 0.576–19.033 0.133

Mixed density 2.043 0.680–6.140 0.203
Hydrocephalus 1.800 0.52–6.164 0.349

Operation method (HE + VD) 0.343 0.117–1.009 0.052

PRB 16.000 1.926–132.899 0.010 13.170 1.316–131.798 0.028

Abbreviations: CI, confidence interval; GCS, Glasgow Coma Scale; HE, hematoma evacuation; OR, odds ratio; PRB, postoperative rebleeding; SBP, systolic blood pressure; 
SCH, spontaneous cerebellar hemorrhage; VD, ventricular drainage.

Figure 3 ROC analysis of the GCS and postoperative rebleeding to short-term 
prognosis.
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that causes neurological deterioration. If the new hema-
toma was just within the removed hematoma cavity but 
had no mass effect, it was not considered a PRB.13,14 

However, this definition of PRB may not apply to the 
cerebellum because most patients with cerebellar ICH 
undergo suboccipital decompression and/or ventricular 
drainage at the same time as surgery; thus, even if the 
volume of the new hematoma is the same as the original 
hematoma, it may not cause neurological deterioration.

CT angiography spot signs have been well documented 
in ICH and can predict hematoma expansion and active 
bleeding during surgery.27–29 In addition, the spot sign has 
also been shown to predict rebleeding after ICH 
surgery,14,15 and it is a risk factor for in-hospital mortality 
and poor outcome among survivors.15,24,27 However, spot 
signs require immediate admission for CT angiography 
examination within the initial several hours after the 
onset of symptoms, which is not applicable in some insti-
tutions. It is also not suitable for patients who have formed 
a brain herniation when admitted and need emergency 
surgery to relieve brainstem compression. In addition, 
CT angiography examination requires contrast administra-
tion, which is contraindicated in patients with renal func-
tion impairment. In this cohort, CT angiography was 
performed in 23 patients, and spot signs were identified 
in only one patient without PRB; therefore, we did not 
include them in the statistical analysis. Further studies are 
needed to confirm whether spot signs are related to the 
PRB of SCH.

Recently, some noncontrast CT markers, including the 
black hole sign, island sign, swirl sign, and blend sign 
(defined as blending of hyperattenuating area and hypoat-
tenuating region with a well-defined margin14), have been 
reported to predict the hematoma expansion of ICH under 
conservative treatment.13,20,21,23,30–32 Among these radi-
ological characteristics, island sign has been reported to 
predict short-term and long-term poor prognoses and mor-
tality in ICH patients,20,21,30–32 and the blend sign is likely 
to be an independent risk factor for PRB in ICH patients.13 

However, in this study, these radiological characteristics 
had no significant correlation with either PRB or short- 
term prognosis of patients with SCH. In addition, the 
blend sign was only observed in one patient, and we 
excluded it from the statistical analysis.

In the present study, thrombocytopenia, coagulopathy, 
and the use of antiplatelets were not associated with either 
PRB or short-term prognosis. This is consistent with the 
results reported in prior studies.13,14,25 Early surgery 

within 4 hours of symptom onset is a reported risk factor 
for PRB.12 In contrast, a meta-analysis performed by 
Gregson BA indicated that early surgery within 8 hours 
post-hemorrhage can improve the prognosis of ICH 
patients.33 However, we and others have demonstrated 
that the timing of surgery is not correlated with either 
PRB or prognosis.13,14

This study confirmed that PRB is a risk factor for poor 
prognosis in patients with SCH.12 GCS score at admission 
was another independent risk factor for short-term poor 
prognosis in this study. The GCS score at admission is 
widely accepted as an independent risk factor for both 
short- and long-term poor prognosis in patients with SCH. 
Al Safatli D showed that a GCS score <10 on admission was 
associated with increased 30-day mortality and poorer 
short-term outcomes of patients with SCH.34 Other research-
ers have demonstrated that GCS scores ≤ 8 on arrival are 
a strong predictive factor for first-week mortality and short- 
and long-term poor prognoses of patients with SCH.35–38 

Hydrocephalus was observed in 22.6% of all patients, simi-
lar to the previously reported 23%.39 Additionally, hydro-
cephalus and age have been indicated to be predictors for 
poor outcomes of SCH patients,38,40,41 and the results from 
this study and others revealed that they were not related to 
short-term poor prognosis.34,37

This retrospective cohort study had some limitations. 
First, the study was limited by the small sample size due to 
the scarcity of patients with SCH, and a larger number of 
patients from multiple centers is needed to verify our 
conclusions. Second, different neurosurgeons performed 
different surgical procedures, affecting whether suboccipi-
tal decompression is required and when to remove the 
drainage tube. These details were not captured in this 
study. Third, CT angiography was only performed in 23 
patients; therefore, we are not sure whether the spot sign 
was related to PRB and poor short-term prognosis. Finally, 
most patients with SCH have consciousness disturbances 
when they are admitted to the hospital. The time of onset 
and accompanying diseases stated by family members may 
have led to bias.

Conclusions
Hematoma volume is likely to be a strong predictor of 
PRB among patients with SCH. Neurosurgeons should 
carefully control bleeding in the operative field when 
surgically treating SCH in patients with large hematomas. 
GCS scores ≤ 8 on arrival and PRB were significant 
predictors of short-term poor outcome. For patients with 
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a GCS score ≤ 8 on admission and/or PRB, it is important 
to weigh the benefit of survival against the high risk of 
poor quality of life and significant functional disability that 
may be achieved by extended or intensified therapy.

Abbreviations
AUC, area under the curve; CI, confidence interval; GCS, 
Glasgow Coma Scale; HE, ICH, intracerebral hemorrhage; 
mRS, modified Rankin Scale; PRB, postoperative rebleed-
ing; ROC, receiver operating characteristic; SBP, systolic 
blood pressure; SCH, spontaneous cerebellar hemorrhage; 
S.D, standard deviation.
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