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Abstract
Objective  We aimed to compare the therapeutic effects 
of stereotactic aspiration and best medical management 
in patients who developed supratentorial hypertensive 
intracerebral haemorrhage (HICH) with a volume of 
haemorrhage between 20 and 40 mL.
Methods  The clinical data of 220 patients with 
supratentorial HICH with a volume between 20 and 40 mL 
were retrospectively analysed. Among them, 142 received 
stereotactic aspiration surgery (stereotactic aspiration 
group) and 78 received best medical management 
(conservative group). All were followed up for 6 months. 
Multivariate logistic regression and Kaplan-Meier survival 
curves were used to compare the outcome between the 
two groups.
Results  The rebleeding rate was lower in the group that 
had stereotactic aspiration when compared with the group 
with medical treatment (6 [4.2%] vs 9 [11.5%], χ2=4.364, 
p=0.037). After 6 months, although the mortality rate did 
not differ significantly between the two groups (8 cases 
[5.6%] vs 10 cases [12.8%], χ2=3.461, p=0.063), the 
rate of a favourable outcome was higher in the group who 
received stereotactic aspiration (χ2=15.870, p=0.000). 
Logistic regression identified that medical treatment 
(OR=1.64, p=0.000) was an independent risk factor 
for an unfavourable outcome. The Kaplan-Meier curves 
indicated that the median favourable outcome time in the 
stereotactic aspiration group was 59.5 days compared 
with that in the medically treated group (87.0 days). The 
log-rank test indicated that the prognosis at 6 months 
was better for those treated with stereotactic haematoma 
aspiration (χ2=29.866, p=0.000). However, the 6-month 
survival rate was similar between the two groups 
(χ2=3.253, p=0.068).
Conclusions  Stereotactic haematoma aspiration 
significantly improved the quality of life, although did not 
effectively reduce the rate of mortality. When selected 
appropriately, patients with HICH may benefit from this type 
of surgical intervention.

Introduction
Hypertensive intracerebral haemorrhage 
(HICH) is the most common type of spon-
taneous intracerebral haemorrhage (ICH) 
and accounts for approximately 70%–80% 
of all ICHs.1 The mechanical impact of early 
haemorrhage and direct compression by the 
haematoma inside the brain parenchyma 

cause direct brain injury. Later inflammatory 
reaction destroys the blood–brain barrier 
(BBB) and leads to secondary brain injury.2

The current guidelines for the treatment of 
ICH in the USA and Europe have no specific 
recommendations on surgical interven-
tions.3 4 For supratentorial ICH, the Chinese 
guideline recommended surgical treatment if 
the following criteria are met: haemorrhage 
volume  >30 mL, midline shift  >0.5 cm and 
obvious compression of the lateral ventricles. 
For some, individualised treatment should 
be considered if the volume of haemorrhage 
is <30 mL.3 5 Previous studies have shown that 
both surgical evacuation of a haematoma 
and conservative therapy were the main-
stay treatments for ICH.6 Several prospec-
tive randomised controlled trials (RCTs) in 
the past four decades have mostly failed to 
demonstrate any improvement of outcome 
in surgically treated patients.7–10 The surgical 
treatment for intracerebral hemorrhage 
(STICH) trial concluded that there was no 
significant benefit from the conventional 
aggressive surgical treatment over conser-
vative medical treatment in patients with 
ICH.10 11

However, the prognosis of patient with ICH 
was related to the volume and severity of a 
haemorrhage volume. Patients with ICH with 
a huge haematoma volume have an unsatis-
factory prognosis after surgical treatment 
because of significant brain injury. Compared 
with conservative treatment, surgical treat-
ment could offer immediate relief of the pres-
sure effect of a large haematoma in patients 
with ICH with a larger or widespread haem-
orrhage volume. In contrast, the trauma asso-
ciated with surgical treatment may outweigh 
the benefit in ICH patients with a small haem-
orrhage volume. Therefore, the volume of 
haemorrhage should be carefully categorised 
when determining the optimal treatment 
options. Currently, for patients with supra-
tentorial ICH, there are no clear haematoma 
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volume criteria that would guide the selection of treat-
ment plan.12 13

In recent years, the minimally invasive stereotactic aspi-
ration has been validated to be a promising neurosurgical 
alternative to treat ICH.12 The minimally invasive surgery 
plus alteplase in intracerebral haemorrhage evacuation 
(MISTIE  II) trial showed improved efficacy of stereo-
tactic aspiration in patients with ICH.13 Both stereotactic 
aspiration and medical therapy are treatment options for 
patients with supratentorial ICH with a volume <40 mL.3 
However, there are no clear criteria on which one should 
be the preferred treatment currently. In this study we 
retrospectively analysed the outcome of stereotactic 
haematoma aspiration for patients with supratentorial 
HICH and the haematoma volume ranged from 20 to 
40 mL.

Materials and methods
Patients
The clinical data of all patients with ICH admitted from 
January 2013 to January 2018 were collected retrospec-
tively. Based on the admitting CT scan, the volume of 
the ICH in millilitres was estimated based on its approx-
imate elliptical volume using the  ABC/2  formula, or 
ABC/3 formula for those with ICH of irregular shapes.14 15

Inclusion and exclusion criteria for patients
Patients included in the analysis must meet the following 
inclusion criteria: age between 18 and 75 years; diagnosis 
of supratentorial ICH based on the CT scan; haemor-
rhage volume between 20 and 40 mL; history of a diag-
nosis of hypertension; onset within 24 hours accompanied 
by varying degrees of neurological dysfunction, including 
headache and limb hemiplegia; signed informed consent; 
and being followed up for at least 6 months.

Patients with ICH were excluded based on the following 
exclusion criteria: not an HICH (eg, arteriovenous 
malformation, aneurysm, amyloidosis, moyamoya disease, 
brain parasite or tumour-related stroke); traumatic intra-
cranial haemorrhage; coagulopathy and the interna-
tional normalised ratio (INR) was >1.513 16; other serious 
systemic diseases; or missing follow-up data.

Data collected and analysed
The following data were collected and analysed: history 
of stroke, hyperlipidaemia, diabetes, cardiovascular 
comorbidity, nicotine and alcohol abuse, imaging find-
ings, Glasgow Coma Scale (GCS) score, blood pressure, 
haematoma volume, laboratory values, time of onset of 
symptom to admission, any diagnoses of pneumonia, 
hypoalbuminaemia, urinary tract infection, sepsis and 
multiple-organ dysfunction syndrome (MODS).17–19

Treatment methods
All operations were performed under local anaesthesia 
and intravenous sedation. A stereotactic frame (Leksell, 
Elekta, Stockholm, Sweden) was used to guide the opera-
tion. The target points were first defined at the level of the 

largest expansion of the haematoma based on the CT scan. 
The precise frame parameter of the stereotactic instru-
ment corresponding to the puncture target was obtained 
and corrected simultaneously. The best puncture points 
were determined according to the target area. An area of 
the scalp of 3–4 cm was cut, a skull retractor was fixed and 
the skull drilled while maintaining haemostasis using the 
bone wax. A cross-shaped incision was made in the dura 
mater along with electrocoagulation of the superficial 
cortex. The guide was installed while paying special atten-
tion to avoid injury to the important functional areas and 
the main blood vessels. The catheter tip was advanced to 
a predetermined depth, the core of the probe was then 
removed, and the haematoma was gently aspirated out 
using a syringe until one-third of it had been removed 
(dilution by saline solution if the blood was thick) without 
applying excessive pressure. A needle-like haematoma 
disintegrator was inserted. When no more blood could 
be aspirated out, the haematoma cavity was thoroughly 
rinsed with saline until the solution was clear.

Postoperative CT scans were obtained 24 hours after 
surgery to evaluate the position of the catheter, the 
drainage of the haematoma and the residual haema-
toma volume. If the puncturing needle had been placed 
in the centre of the haematoma and was stable without 
rebleeding, the drainage bag positioned 10 cm above the 
head was linked to the draining catheter and switched 
on to allow drainage. Based on the residual haema-
toma volume as determined by the CT scan, urokinase 
(1.0×104 IU; NDPharm, Nanjing, Jiangsu, China) was 
dissolved in 3 mL of saline and injected into the haema-
toma cavity. Two to four hours later, the incision was 
drained. This procedure was performed two or three 
times per day for 2–4 days. The time of extubation was 
determined based on the volume of drainage, the colour 
of the drainage fluid and the condition on the repeated 
CT. The drainage tube was generally retained for 2–7 
days.

In the best medical management group, the blood pres-
sure was stabilised to less than 140 mm Hg within 1 hour 
of onset.20 21

Both groups of patients also received the best medical 
treatment and early rehabilitation. All patients underwent 
CT scan on admission, and on days 1 and 3. A patient may 
have more CT if clinically indicated. Patients who were 
on anticoagulants received Kcentra to keep an INR of 
<1.5.11 16 All patients received standard medical manage-
ment according to the guidelines of the American Heart 
Association/American Stroke Association Stroke Council 
for the treatment of spontaneous ICH in adults.11

Outcome assessment
Two neurosurgeons (SZ and XF) blinded to clinical data 
assessed the outcome of the patients. The patients were 
followed up for 6 months by hospital visit, telephone call 
or clinic visit. The following parameters were compared 
between the two patient groups: rebleeding rate (intrac-
erebral rebleeding was defined as ICH growth >30% or 
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Table 1  Demographics and baseline data of patients in the stereotactic haematoma aspiration and best medical management 
group

Stereotactic aspiration, 
n=142 (%)

Conservative treatment, 
n=78 (%) P value

Male 82 (57.7) 44 (56.4) 0.848

Age (‍̄X±S‍, years) 62.1±9.5 60.2±9.1 0.372

History of hyperlipidaemia 42 (29.6) 24 (30.8) 0.854

History of diabetes 26 (18.3) 18 (23.1) 0.398

History of coronary heart disease 5 (3.5) 4 (5.1) 0.724*

History of atrial fibrillation 1 (0.7) 0 (0) –

History of stroke 6 (4.2) 2 (2.6) 0.715*

Smoking 76 (53.5) 40 (51.3) 0.750

Alcohol abuse 51 (35.9) 30 (38.5) 0.708

Hypotensor 107 (75.4) 52 (66.7) 0.169

Warfarin treatment 7 (4.9) 5 (6.4) 0.758*

SBP (‍̄X±S‍, mm Hg) 165.4±24.3 162.6±23.7 0.533

DBP (‍̄X±S‍, mm Hg) 106.4±9.6 103.5±9.2 0.445

ICH location

Basal ganglia 74 (52.1) 42 (53.8) 0.805

Thalamus 57 (40.1) 30 (38.5) 0.807

Lobar 11 (7.7) 6 (7.7) 0.989

Baseline ICH volume, median (IQR) mL 31 (23–39) 29 (21–37) 0.122

ICH score, median (IQR) 2 (0–3) 1 (0–1) 0.021

IVH presence 34 (23.9) 5 (6.4) 0.001

Midline shift 125 (88.0) 57 (64.0) 0.000

Admission GCS, median (IQR) 10 (9–13) 11 (9–14) 0.034

Haemoglobin (‍̄X±S‍, g/L) 105.2±14.1 108.4±13.6 0.226

Blood glucose, median (IQR) 8.8 (5.9–11.3) 8.4 (6.1–10.8) 0.157

INR, median (IQR) 1.0 (0.7–1.3) 1.2 (0.7–1.4) 0.204

Onset to the first CT time (min, ‍̄X±S‍) 186.8±54.6 177.3±52.4 0.355

Onset to admission time (min, ‍̄X±S‍) 171.4±52.2 162.8±49.24 0.115

*Fisher’s exact test.
DBP, diastolic blood pressure, 1 mm Hg=0.133 kPa; GCS, Glasgow Coma Scale; ICH, intracerebral haemorrhage; INR, International 
normalised ratio; IVH, intraventricular haemorrhage; SBP, systolic blood pressure.

>6 mL from the baseline ICH volume22), 6-month 
mortality rate and 6-month score on the modified Rankin 
Scale (mRS).  A  favourable outcome was defined as an 
mRS score of 0–3 and an unfavourable outcome as 4–6.23

Statistical analysis
Statistical analyses were performed using a standard statis-
tical software package (SPSS V.23.0). The significance 
threshold was set at α=0.05, and two-sided statistical tests 
were performed. Categorical variables were expressed as 
number (percentage) values, and they were compared 
using the Pearson’s χ2 test or Fisher’s exact test. The 
Shapiro-Wilk test was used to determine the type of distri-
bution that the data conformed to. Data were presented 
as either mean±SD values (which were compared using 
Student’s t-test) or median and IQR values (which were 

compared using the Mann-Whitney U test), as appro-
priate.

The influence of treatment on prognosis was investi-
gated using multivariate logistic regression. All multivar-
iate regression analyses were repeated by including all 
of the variables if p<0.1 was achieved in the univariate 
analysis.

In order to further verify the relationship between 
treatment modality and outcome, Kaplan-Meier survival 
curves were done and comparisons were performed using 
the log-rank test. Survival time was defined as the time 
from onset to a favourable outcome (in days). Outcome 
was dichotomised into unfavourable outcome (censored) 
and favourable outcome according to the survival of 
patients.
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Figure 1  (A) CT scans of one patient on admission, (B) CT scans of the same patient after completing stereotactic aspiration 
with urokinase (lower) after 2 days and (C) CT scans of the same patient after completing stereotactic aspiration with urokinase 
(lower) after 3 days. (D) CT scans of another patient who received conservative treatment on admission, (E) CT scans of the 
same patient after 3 days and (F) CT scans of the same patient after 9 days.

Results
This study included 452 cases of ICH. Among them, 56 had 
infratentorial haemorrhage, 98 had a haematoma volume 
of >40 mL (with 3 cases of aneurysm rupture), 16 had a 
haematoma volume of <20 mL (with 11 cases of traumatic 
bleeding and 2 of intracranial diffuse haemorrhage), 6 
were tumour-related, 5 were related to moyamoya (with 
2 cases of a haemorrhage volume >40 mL), 4 had renal 
failure (age  >75 years), 2 had heart failure (New York 
Heart Association class IV), 4 had amyloidosis, 2 had 
arteriovenous malformation bleeding, 26 had elevated 
INR ≥1.5 and 15 lost to follow-up. After excluding these 
232 patients, the final 220 patients were included in the 
final analysis.

Of 220 patients entered into the final analysis, their 
average age was 60.4±9.2 years (range: 33–74 years), with a 
median baseline ICH volume of 30 mL (IQR: 21–39 mL). 
Their median admission GCS score was 11 (IQR: 9–14). 
Those with an ICH volume ≥30 mL (n=130) had surgical 
indications, but 44 of them refused the surgery. Ninety 
patients (with haematoma volumes between 20 and 30 mL) 
progressively deteriorated, and the family members of 56 
of them requested surgical treatment. Finally, 142 patients 
gave consent and received stereotactic haematoma aspira-
tion (64.5%) and 78 patients received the best medical 
treatment (35.5%).

Demographic and clinical data of patients in the stereotactic 
aspiration and conservative groups
Rates of intraventricular haemorrhage  (IVH), brain 
midline shifts and ICH score were higher, and the GCS 

score was lower on admission in patients in the stereo-
tactic aspiration group than those in the best medical 
management group (all p<0.05; table 1).

Effects of stereotactic haematoma aspiration and best 
medical management on outcome
Secondary outcomes
No case of intracranial infection occurred in either 
group. The rebleeding rate was significantly lower in 
patients who  received stereotactic aspiration (6 cases, 
4.2%) than those in the best medical management group 
(9 cases, 11.5%; χ2=4.364, p=0.037). In the surgical group, 
six cases of rebleeding had enlargement of haematoma 
in the right basal ganglia. Among them, three cases had 
blood pressure fluctuation. Follow-up CT of the  head 
showed improvement (6–12 mL) without further expan-
sion. Follow-up CT in three patients also showed an island 
or spot sign that led to subsequent enlargement. These 
patients had emergency craniotomy under microscopic 
guidance with haematoma removal and decompression 
of the bone flap.

In the best medical management group, eight cases 
had minimal haematoma enlargement (6–10 mL) and 
their condition did not deteriorate. One had CT >40 mL 
haematoma enlargement on follow-up CT 24 hours later 
associated with a spot sign. Surgical evacuation was recom-
mended but the family refused.

Haematoma clearance was significant 3 days after 
stereotactic aspiration compared with the conservative 
group (figure  1). Patients in the stereotactic aspiration 
had significantly shorter hospital stay than those in 
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Table 2  Demographic and baseline data of favourable and 
unfavourable outcome groups

Favourable 
outcome, 
n=178 (%)

Unfavourable 
outcome,  
n=42 (%) P value

Male 99 (55.6) 27 (64.3) 0.307

Age (‍̄X±S‍, years) 56.2±8.1 65.3±8.8 0.000

History of 
hyperlipidaemia

53 (29.8) 13 (31.0) 0.881

History of diabetes 38 (19.3) 15 (30.6) 0.084

History of coronary heart 
disease

7 (3.9) 2 (4.8) 0.682*

History of atrial fibrillation 0 (0) 1 (2.4) 0.191*

History of stroke 3 (1.7) 5 (11.9) 0.007*

Smoking 90 (50.6) 26 (61.9) 0.185

Alcohol abuse 62 (34.8) 19 (46.3) 0.169

Hypotension 130 (73.0) 29 (69.0) 0.604

Warfarin treatment 8 (4.5) 4 (9.5) 0.250*

SBP (‍̄X±S‍, mm Hg) 162.9±22.8 164.5±24.2 0.535

DBP (‍̄X±S‍, mm Hg) 103.7±9.1 104.9±9.3 0.674

ICH location, n (%)

Basal ganglia 95 (53.4) 21 (50.0) 0.694

Thalamus 68 (38.2) 19 (45.2) 0.402

Lobar 15 (8.4) 2 (4.8) 0.538*

Baseline ICH volume, 
median (IQR), mL

30 (21–39) 33 (22–38) 0.035

ICH score, median (IQR) 2 (0–3) 2 (1–3) 0.316

IVH presence 26 (14.6) 13 (31.0) 0.013

Midline shift 145 (81.5) 37 (88.1) 0.306

Admission GCS, median 
(IQR)

11 (9–14) 10 (9–13) 0.038

Haemoglobin (‍̄X±S‍, g/L) 108.7±13.4 105.3±13.2 0.332

Blood glucose, median 
(IQR)

7.4 (6.2–8.7) 8.9 (6.8–11.2) 0.027

INR, median (IQR) 1.1 (0.7–1.3) 1.2 (0.8–1.4) 0.152

Onset to the first CT time 
(min, ‍̄X±S‍)

182.7±53.3 181.8±53.4 0.627

Onset to admission time 
(min, ‍̄X±S‍)

165.18±51.4 165.7±50.5 0.884

Treatment plan, n (%) 0.000

Stereotactic aspiration 126 (88.7) 16 (11.3)

Conservative treatment 52 (70.8) 26 (38.1)

*Fisher’s exact test. 
DBP, diastolic blood pressure, 1 mm Hg=0.133 kPa; GCS, Glasgow 
Coma Scale; ICH, intracerebral haemorrhage; INR, International 
normalised ratio; IVH, intraventricular haemorrhage; SBP, systolic 
blood pressure.

the best medical management group (12.1±2.6 days vs 
27.2±5.5 days, t=8.474, p<0.001).

Primary outcomes
In the stereotactic aspiration group, 126 patients (88.7%) 
had a favourable outcome,  16  (11.3%) had an unfa-
vourable outcome and 8 (5.6%) patients died (6 from 
pneumonia and 2 from sepsis with MODS). In the best 
medical management group, 52 patients (66.7%) had a 
favourable outcome, 26 (33.3%) had an unfavourable 
outcome and 10 (12.8%) patients died (5 from pneu-
monia, 3 from refractory hypoproteinaemia with urinary 
tract infection and 2 from sepsis with MODS). The rate of 
favourable outcome was significantly higher in the stere-
otactic aspiration group (χ2=15.870, p=0.000). However, 
the mortality rate did not differ significantly between the 
two groups (χ2=3.461, p=0.063).

Compared with patients with the unfavourable 
outcome, patients in the favourable outcome group 
were younger, had fewer previous strokes, had higher 
GCS scores on admission, had lower blood sugar levels 
and likely received stereotactic haematoma aspiration 
(all p<0.05; table  2). Multivariate logistic regression 
analysis found that age (OR=1.71, p=0.002), presence of 
IVH (OR=1.37, p=0.014) and best medical management 
(OR=1.64, p=0.000) were independent risk factors for an 
unfavourable outcome (table 3).

Kaplan-Meier prognostic survival curves were plotted 
for the two groups. The median time for a favourable 
outcome was 59.5 days (±3.1 days, 95% CI, 53.2–65.8 
days) in the stereotactic aspiration group; the corre-
sponding values in the conservative group were 87.0 days 
(±3.3 days, 95% CI, range 81.1–93.8 days). The log-rank 
test indicated that the 6-month prognosis was better for 
those who  received stereotactic haematoma aspiration 
compared with those who had the best medical manage-
ment (χ2=29.866, p=0.000; figure 2). The survival rate in 
the two groups was relatively stable after 3 months, and 
the log-rank test showed that there was no significant 
difference in mortality rate after 6 months between the 
two groups (χ2=3.253, p=0.068; figure 3).

Discussion
The  MISTIE II and STICH trials have demonstrated 
that the greater reduction in the size of the haematoma, 
the better the patient outcome. Our study showed that 
patients who received surgical therapy had a significantly 
higher rate of favourable outcome than those receiving 
conservative treatment (χ2=29.866, p=0.000). Comparing 
with the MISTIE II trial, our study treated more patients 
and had lower rate of rebleeding (4.2%).13 The rebleeding 
rate was significantly lower in patients treated with stere-
otactic aspiration than those who  had the best medical 
management, indicating that timely surgical treatment 
can control the risk of rebleeding, and reduce the chance 
of developing inflammatory reactions from the release of 

interleukin (IL)-10 and other proinflammatory factors, as 
well as reduce the severity of destruction by haematoma.24

The haematoma clearance was significant up to 3 
days after the development of ICH. By reducing the clot 
burden on the surrounding brain tissue and secondary 
injury, these patients improved their functional recovery, 
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Table 3  Multivariate analysis of favourable outcome and 
unfavourable outcome

OR 95% CI P value

Age 1.71 1.22 to 2.36 0.002

IVH presence 1.37 1.15 to 1.65 0.014

Conservative treatment 1.64 1.25 to 2.07 0.000

IVH, intraventricular haemorrhage.

Figure 2  Kaplan-Meier curve showing the 6-month 
favourable outcome probability. Cum, cumulative.

Figure 3  Kaplan-Meier curve showing the 6-month survival 
probability. Cum, cumulative.

length of hospital stay and independent activities of daily 
living.

The rate of a favourable outcome after 6 months—
according to the mRS score—was significantly higher 
for those who  received stereotactic haematoma aspira-
tion (χ2=15.870, p=0.000). One possible explanation of 
this improved functional outcome was the prevention of 
formation of perihaematomal oedema (PHE) early on. 
PHE volume could double within 3–11 days,25 and might 
be partially related to erythrocyte lysis and haemoglobin 
release. The increase of brain iron level from erythrocyte 
degradation increased brain water content that adversely 
affected the prognosis.26–28 Previous MRI studies and 
animal experiments have supported a vasogenic origin 
of PHE in ICH rather than cytotoxic oedema in isch-
aemia.29 30 Surgery can relieve the space-occupying effect 
early, thereby reducing the secondary injury to brain 
tissue caused by haematoma compression, alleviating 
brain oedema, reducing the intracranial pressure and 
improving cerebral blood flow.31 32 In contrast, if not 
surgically cleared, haematoma was absorbed slowly and 
occupied the space for a long time. The presence of a 
haematoma inside the brain facilitated the development 

of inflammatory factors such as high mobility group box 
1, Toll-like receptor, receptor of advanced glycosylation 
end  products and IL-6. The inflammatory response 
would destroy the BBB and the surrounding brain tissue 
resulting in varying degrees of cognitive dysfunction and 
difficulty in performing activities of daily living,33–35 as 
well as slow or even irreversible recovery of nerve injury.

Our study also found no difference in mortality between 
the two treatment groups (χ2=3.461, p=0.063), a similar 
conclusion as in MISTIE II, but lower total mortality rate 
(8.2%) than in MISTIE II (12.5%).13 Such finding could 
be related to the patients selected for surgical treatment: 
small volume of haematoma and the supratentorial loca-
tion. In our study, the survival curves indicated that the 
survival rates in the two groups were relatively stable 
after 3 months. The log-rank test showed no significant 
intergroup difference in mortality rate after 6 months 
(χ2=3.253, p=0.068). These results demonstrated that 
with less haematoma volume, less space-occupying effect 
and stable secondary damage, patients with supratentorial 
haemorrhage with volumes of 20–40 mL could absorb the 
haematoma gradually even with the best medical manage-
ment. Therefore surgical treatment did not significantly 
reduce the mortality rate.

After adjusting for confounding factors, logistic multi-
variate analysis showed that age (OR=1.71, p=0.002), IVH 
presence (OR=1.37, p=0.014) and conservative treatment 
(OR=1.64, p=0.000) remained independent risk factors 
for an unfavourable outcome of ICH. Being older was asso-
ciated with a worse prognosis due to impaired immunity, 
resulting in a higher probability of complications such as 
pneumonia, hypoproteinaemia, sepsis and urinary tract 
infection.36 In line with previous studies, IVH is actually a 
risk factor of poor prognosis.37 38
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The MISTIE II trial proved minimally invasive surgery 
plus alteplase was safe, with a possible advantage of 
better functional outcome at 180 days than with stan-
dard medical care.13 In our study, urokinase was used and 
demonstrated the similar outcome. Our study was the first 
to demonstrate that urokinase could be a safe and effec-
tive alternative to alteplase and cheaper in this indication.

Stereotactic haematoma aspiration is a mature tech-
nique. Compared with traditional craniotomy, it is less 
invasive, does not require general anaesthesia and the 
impact of surgical trauma is less. Patients with HICH 
are generally older, often have varying degrees of brain 
atrophy and a poor tolerance of surgical trauma or 
related haemorrhage and other perioperative adverse 
events. Despite no significant change in mortality, a 
low rate of rebleeding, rapid clearance of haematoma, 
shorter hospital stays and favourable functional recovery 
have been clearly demonstrated with the surgical treat-
ment. Our study was completed prior to the announce-
ment of the MISTIE III trial, and methodologically there 
were differences. Hence, the significance may be small if 
including the discussion on MISTIE III.

There are some limitations to  our study. First, this 
was a retrospective analysis, and possible changes of the 
patient conditions might not be accurately recorded 
on time. Second, despite consideration of confounding 
factors, this was not a clinical RCT. Third, this study only 
reviewed the effect of treatment on prognosis for haem-
orrhage volumes in the range of 20–40 mL. Future studies 
should attempt to determine the treatment options for 
other haemorrhage volumes and also analyse data from 
multiple centres.

Conclusion
Although without significant difference in mortality, 
in patients who  developed HICH with a volume of 
haematoma between 20  and  40 mL, surgical evacuation 
of haematoma was superior to the best medical manage-
ment in terms of reducing recurrence of bleeding, short-
ening length of stay and improving functional recovery. 
More clinical trials are need to explore the opportunity 
to further reduce mortality in this patient population 
and improve outcome in those with larger haematoma 
volume.
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