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ABSTRACT 

AIm: The aim of the retrospective study was to compare the clinical efficacy of the traditional way of aspiration and the modified way of 
aspiration. 

MaterIal and Methods: Clinical data of total 159 patients with spontaneous intracerebral hemorrhage treated by traditional (group A, 
n=66) or modified (group B, n=93) way of aspiration (both combined with thrombolysis) were retrospectively analyzed. Reduction of clot 
volume in the first operation, rate of mortality and re-bleeding, complications, and long-term clinical outcomes of the two groups were 
compared.     

Results: Twenty-five out of 159 patients (15.7%) died during in-hospital stay. The mortality and post-operation re-bleeding rate in group B 
(10.8% and 1.1%) were significantly lower than that in group A (22.7% and 9.1%), (P<0.05). The BI scores of patients in group B (79.5±23.2) were 
significantly higher than that in group A (69.2±23.9), (P<0.05).   

ConclusIon: Our data suggested that modifying details of aspiration operation may contribute to the improved prognosis of ICH patients.     

Keywords: Hematoma aspiration, Thrombolysis, Intracerebral hemorrhage, Outcome  

ÖZ 

AMAÇ: Retrospektif olarak yapılan bu çalışmada, klasik yol ile yapılan aspirasyon (Grup A) ile değiştirilmiş (modified) (Grup B) yöntemle yapılan 
aspirasyonun klinik etkinliği karşılaştırılmıştır. 

YÖNTEM ve GEREÇ: Spontan intrakraniyal kanama geçiren 159 hasta retrospektif olarak iki ayrı grup halinde incelendi. İlk gruptaki 66 hastaya 
geleneksel yoldan aspirasyon yapılırken, 2. gruptaki 93 hastaya tromboliz yapılarak aspirasyon uygulanmıştır. Pıhtı hacmindeki azalma, 
mortalite hızı, yeniden kanama, komplikasyonlar ve geç dönem klinik sonuçları iki grupta karşılaştırılmıştır.      

BULGULAR: Toplam 159 hastadan, 25’i hastanede kaldıkları sürede öldü (%5,7). Mortalite hızı ve yeniden kanama hızı grup B’de (%10,8 ve 
%1,1grup A’ya (%22,7 ve %9,1) göre anlamlı şekilde düşük olarak bulundu (P<0,05). BI ölçütlemesi grup B’deki hastalarda (79,5±23,2), grup 
A’daki (69,2±23,9) hastalara göre anlamlı şekilde daha yüksek bulundu (P<0,05).   

SONUÇ: İntrakraniyal kanaması olan hastalarda modifiye edilmiş aspirasyon yöntemi ile prognoz daha iyi hale gelebilmektedir.      
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IntroductIon

Intracerebral hemorrhage (ICH) has a high mortality (35%-
52% at he 30th day) and only about 20% of survivors achieve 
a favorable functional outcome (1, 3, 23). Surgical removal 
of hematoma helps to relieve the mass effect of hematoma 
and to prevent the secondary damage induced by toxic 

substances precipitated from hematoma (16, 17, 21, 25). 
However, the clinical effectiveness of this treatment way was 
still controversial (11, 12, 18). Despite still being a matter of 
debate, the treatment of spontaneous ICH by thrombolytic 
therapy and aspiration of clots has gained wide acceptance. 
The prominent advantages of this treatment method are 
(a) less damage to the normal regions of brain; (b) local 
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anesthesia; (c) high efficiency of removing hematoma (4, 9, 
15, 24).

At the end of 1990’s, the surgical technique of aspiration with 
metal puncture needle combined with thrombolysis of ICH 
was promoted by Ministry of Health of China and was quickly 
accepted by most hospitals. Till the beginning of 2008, more 
than 400 thousand patients had received this operation 
according to a report from the 5th national symposium on 
aspiration with metal puncture needle of hematoma in 
mainland of China (11/28/08 to 12/02/08, Kunming, China). 
In China mainland, a large number of reports had suggested 
that this treatment way helped to reduce the mortality and 
complications and to improve the long-term quality of life of 
survivors (26, 27, 28). However, more convincing evidences 
are still needed.

We adopted this technique at 2000, and till now the total 
number of patients whom had received this operation had 
reached at 200. In practice we realized that some details 
of operation should be modified (i.e. not to pay too much 
emphasis on hematoma reduction in the first operation) to 
reduce the mortality and re-bleeding rate and to improve the 
long-term clinical outcome. 

The aim of the retrospective study was to compare the 
clinical efficacy of the two ways of aspiration (traditional and 
modified aspiration) in 159 patients.

MATERIAL and Methods

Subject Population 

Patients with spontaneous ICH treated by aspiration with 
a metal puncture needle (the YL-1 type of puncture needle, 
Beijing WanTeFu Medical Apparatus Co., Ltd) and subsequent 
thrombolysis therapy for hematoma were enrolled in the 
trial. In our hospital, between December 2000 and October 
2004, patients were treated by traditional way of aspiration 
and since November 2004 patients were treated by modified 
way of aspiration. All the surgical procedures were performed 
by the same two neurologists. Inclusion criteria were as 
follows: CT diagnosis of spontaneous supratentorial ICH 
(deep lobar, basal ganglia or thalamus), hematoma volume 
≥30 cm3 (according to the criteria of China guideline for 
cerebrovascular disease prevention and treatment), having 
neurological signs, clinical onset <72 h before intervention 
(in accordance with the criteria adopted by most authors), 
aged 18 to 80-year-old, follow-up duration ≥3 months. 
Exclusion criteria were as follows: clotting mechanisms 
obstacles, signs of transtentorial herniation >2 h, severe 
concurrent illness, having neurological deficits before onset, 
affirmative structural etiology accounting for the hemorrhage 
(angiography was performed in normotensive patients ≤45 
years of age and in patients with recurrent hemorrhages to 
exclude the vessel malformation or aneurysm).

Data Collection

The medical records of subjects enrolled were studied 
retrospectively to collect data. The following characteristics 

of patients were recorded: gender, age, hospital stay, history 
of hypertension, location of hematoma (including ventricular 
extension), hematoma volume [estimated by a validated 
practical rule, ABC/2, as described in published literature (10)], 
Glasgow Coma Scale (GCS) score on admission, onset time, 
operation time. Re-bleeding, death and complications (i.e. 
infections associated with aspiration including intracranial 
infection and scalp infections, and pneumoencephalos) were 
also recorded.

Telephone questionnaire surveys were conducted on patients 
or their relatives, only if when patients can’t understand or 
accurately state. Glasgow Outcome Scale (GOS) and Barthel-
Index (BI) were adopted to evaluate the long-term outcomes 
of patients. According to the scores of GOS, outcomes of 
patients were dichotomized into favorable (GOS>3) and 
unfavorable (GOS≤3). Follow-up information of all the 
patients was obtained by a investigator who was not involved 
in the data collection of medical records.

Intervention

Traditional Way of Aspiration

The traditional procedure of aspiration was as follows: 
preoperative preparation, locating hematoma, surgical 
manipulation and postoperative management, which were 
performed in according with the Operation Manual provided 
by the Bureau of Cerebrovascular Disease Prevention and 
Control, Ministry of Health of China. The YL-1 type of puncture 
needle used for intracranial hematoma was consists of metal 
drill bit, fixed hoop, canula of three-way joint, plastic blunt 
stylet, disrupting hematoma needle, non-porous blocks, and 
gasket (as shown in Figure 1A-H). All the operations were 
performed under local anesthesia and intravenous sedation 
unless the patient was already intubated for medical or 
neurological indications independent of the procedure.

The surgical manipulation procedure was consisted of three 
steps: location, aspiration and drainage of clots. The initial 
localization of the hematoma was performed with the aid of 
CT-graph scanned after onset. In brief, after the largest layer 
of the hematoma and the aspiration target (usually the center 
of clot) were determined, the lines of “a”, “b” and “c” from the 
target to the front coronal plane, the lateral plane of ipsilateral 
hematoma, and the baseline of CT-graph (usually OM-line) 
were measured and calculated respectively. Then the baseline 
was drawn on the scalp of patient. Two lines paralleled to 
baseline and front coronal plane with lines of “a” and “c” cross 
at the point of aspiration (as shown in Figure 2A). After that, a 
metal marker was affixed to line of the aspiration point. Then 
CT scan was performed again, and the aspiration point was 
accurately confirmed and marked once again under real-time 
imaging aid (as shown in Figure 2B). The line of “b” represented 
the depth of puncture.

The details of aspiration and drainage of clots was shown in 
Figure 2C. Briefly, the puncture needle was fixed to charge-
hand bit (rotation speed ≤ 700 r/min), and then cerebral dura 
mater was penetrated. After pulling out the metal bit, a plastic 
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blunt stylet was inserted into the canula and pushed to the 
pre-calculated position (depth of “b” as shown in Figure 2A). 
The liquid clot was sucked out through lateral tube of the 
canula by a 5-ml syringe. Then a needle (used to disrupt 
hematoma) was inserted into the canula, and solid or semisolid 
hematoma was mechanically disrupted and flushed using 
physiological saline. And then, Urokinase 20000 IU (Urokinase 
was permitted to use clinically as a thrombolytic agent in 
treatment of the intracranial hematoma in China Guideline for 

Cerebrovascular Disease Prevention and Treatment.) in 2-ml 
preservative-free saline was injected into the clot through the 
canula and maintained for 2 hours. Continual thrombolysis 
was repeated 2-4 times per day, and continuous draining was 
maintained until the clot was cleared (not more than 7 days).

Modified Way of Aspiration (Gradient Aspiration)

Compared with the traditional way of aspiration, modified way 
of aspiration paid emphasis on individualized treatment. The 

Figure 1: Components of 
puncture needle.
YL-1 type of puncture needle for 
intracranial clots (A) is consisted 
of metal drill bit (B), fixed hoop 
(C), canula of three-way joint (D), 
plastic blunt stylet (E), needle 
to disrupt hematoma (F), non-
porous blocks (G), and gasket 
(H). The material of metal drill 
bit is 1Cr18Ni9Ti, the canula is 
0Cr18Ni9, and the remaining 
parts are polyethylene.

Figure 2: Aspiration 
manipulations.
A) Location of hematoma by 
CT-graph. “a” and “b” represent 
the perpendicular distances 
from the aspiration target to the 
front coronal plane and lateral 
plane of ipsilateral hematoma 
(Graph 1 and 4). “c” represents 
the distance from the target 
to the baseline of CT-graph 
(Graph 3). B) Accurate location of 
hematoma under CT-scanning. 
The metal marker of paper clip is 
fixed to the line of the aspiration 
point (Graph 5). C) The procedure 
of aspiration operation. The 
procedure includes sucking and 
liquefying the hematoma (Graph 
9), flushing and disrupting clot 
with high pressure (Graph 10), 
and continual fibrinolysis and 
continual draining (Graph 11 and 
12).
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significantly higher than that in group B (13.6±4.1) mL [ 
(26.5±11.8) %] (P<0.001) (Table II). 

Rate of mortality and re-bleeding

As shown in Table II, 25 out of 159 patients (15.7%) died 
during hospital stay. Mortality of group A (22.7%, 15 out of 
66) was significantly higher than that of group B (10.8%, 10 
out of 93) (P<0.05). 

Re-bleeding during hospital stay occurred in 7 (4.4%, 7 out of 
159) patients, and 6 patients (9.1%, 6 out of 66) occurred in 
group A compared with 1 patient (1.1%, 1 out of 93) in group 
B (P<0.05) (Table II).

Complications

procedure-related complications were observed in 46 out of 
159 patients (29.0%) during hospital stay (Table II). Infection 
was observed in 11 of 66 patients (16.7%) in group A and 9 of 
93 patients (9.7%) in group B (P>0.05), and 20 of 159 patients 
(12.6%). infection was occurred mostly to scalp and scarcely 
to intracranial tissue. The total rate of pneumoencephalos 
during hospital stay was 16.4% (26/159), and that in group A 
and group B was 21.2% (14/66) and 12.9% (12/93) respectively 
(P>0.05). In most situations, there was only a small air bubble 
(usually not more than 1 ml) on the border of clot, which 
disappeared in several days without any special management.

Follow-up

The data of follow-up were summarized in Table III. In the 134 
discharged patients, 19 (14.2%) were lost. In group A 11 out 
of 51 (21.6%) were lost and in group B 8 out of 83 (9.6%) were 
lost (P>0.05). In the 115 patients followed up, the mortality 
rate was 16.5% (19 out of 115). In group A the mortality rate 
was 17.5% (7 out of 40) and in group B the rate was 16.0% (12 
out of 75) (P>0.05). The mean follow-up period of total 115 
patients was (172.7±119.1) weeks (ranged 23.7-398.1 weeks). 
In group A the mean follow-up period was (321.4±53.8) weeks 
(ranged 200.0-398.1 weeks) and in group B the number was 
(93.4±44.7) weeks (ranged 23.7-178.3 weeks) (P<0.001).

57 out of 115 patients (49.6%) achieved a favorable functional 
outcome score (GOS>3). In group A 17 out of 40 patients 
(42.5%) achieved a favorable functional outcome score 
(GOS>3) and 40 out of 75 (52.6%) in group B (P=0.329). Mean 
BI at a long-term follow-up period in total 115 patients was 
(76.0±23.2). In group B the mean BI was (79.5±23.2), which 
was significantly higher than that of group A (69.2±23.9) 
(P=0.044).

Discussion

It was still controversial for the effect of stereotactic 
aspiration of ICH (1, 6, 12, 22). A famous trial named SICHPA 
(Stereotactic treatment of intracerebral hematoma by means 
of a plasminogen activator) suggested that stereotactic 
aspiration was an effective operation to remove hematoma 
and improved the prognosis of patients (22). Moreover, many 
studies indicated that stereotactic aspiration was not only 
effective in removing the clots, but also help to lower the 

protocol was based on our long term practice of aspiration. 
(a) The amount of clot aspirated in the first operation was 
determined by onset time. Within 6 hours of hemorrhage 
onset, the amount of clot aspirated at the first aspiration 
should be not more than 20% of the amount of pre-operation. 
If onset time was >6 hours, the amount of clot aspirated at 
the first aspiration should be 20%-50% of the amount of pre-
operation (hematoma volume <50 cm3, no enlarging, round 
or oval shape, well-distributed density and no extending to 
ventricle), or <20% of the amount of pre-operation (situations 
were contrary to the aforementioned or there were suspected 
underlying structural etiology for the clot). (b) The operation 
of aspiration should be conducted prudently and slowly, and 
the negative pressure of suction should not be more than 
1 ml (about 9.3×104Pa). The technique of disrupting and 
flushing clots was abandoned. (c) Continual thrombolysis 
(Urokinase 20000 IU in 2-ml physiological saline) and 
continuous draining were strictly controlled (not more than 
one time per day). Because there was lacking of evidence that 
fibrinolytics did no harmful to the brain (2).

Other Routine Medical Therapy

Medical therapy was administered under the guidelines of 
China, including maintenance of normovolemic hydration, 
early mobilization, and physiotherapy. Systolic blood pressure 
and diastolic blood pressure were maintained at about 120-
180 mmHg and 60-105 mmHg respectively. Enteric feeding 
began at the first day if tolerated. Osmotic diuretics were 
administered when clinical manifestations indicated high 
intracranial pressure. Complications were prevented and 
treated.

Statistical Analysis 

The clinical outcomes of patients treated with different ways 
of aspiration were compared by means of unpaired t-test and 
Chi-square test. Statistical significance was set at P<0.05 and 
was always measured two-tailed.

Results

One hundred and fifty-nine patients with a median age of 
55 years (ranged from 33 to 86 years) were enrolled in this 
study. Clinical data during hospital stay were summarized in 
table 1. Sixty-six patients (median age 56 years, ranged 39-
76 years) received aspiration operation with traditional way 
(group A), and 93 patients (median age 55 years, ranged 33-
86 years) received aspiration operation with modified way 
(group B). There was no significant difference between the 
two groups with regard to the clinical data such as male sex, 
age, length of hospital stay, history of hypertension, location 
of clot (including clots located at right side, basal ganglia 
or thalamus, deep lobar and cases extended to ventricle), 
hematoma volume, GCS at pre-operation, onset time and 
operation time (P>0.05) (Table I).

reduction of Clot volume in the first operation

reduction of clot volume in the first operation in 159 patients 
was (17.1±8.4) ml [ (32.2±15.5) %] (Table II). The number 
in group A was (22.2±10.1) mL [ (40.3±16.5) %], which was 
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initial conservative treatment (12). Many reasons accounted 
for this controversy, one of which was that some operational 
details of aspiration were yet to be improved. Compared with 
craniotomy, the technique of less invasive clot aspiration 
means the less tissue trauma. If the procedure of operation 
were more refined and careful, the prognosis of patients 

rate of mortality and improve the long-term quality of life 
(1, 5, 7, 9, 24). However, many researchers hold the opposite 
view. Some trials like STICH (International Surgical Trial in 
Intracerebral Haemorrhage) suggested that patients with 
spontaneous supratentorial ICH in neurosurgical units show 
no overall benefit from early surgery when compared with 

Table I: Baseline Characteristics

Group A (n=66) Group B (n=93) P
Male sex 48 (72.7%) 66 (71.0%) 0.859

Age (years)
 Median
 Range

58.2±10.3
56

39-76

55.2±10.2
55

33-86

0.069

Hospital stay (days)
 Median
 Range

17.7±15.1
 15

 1-61

18.5±13.8
 16

 1-67

0.727

History of hypertension 48 (72.7%) 66 (71.0%) 0.859

Location of ICH
 Right side
 Basal ganglia or thalamus
 Deep lobar
 Ventricular extension

38 (57.6%)
49 (74.2%)
17 (25.8%)
29 (43.9%)

43 (46.2%)
61 (65.6%)
32 (34.4%)
39 (41.9)

0.198
0.297
0.297
0.871

Volume of ICH (cm3)
 Median
 Range

58.7±24.5
 51.8

30.0-135.0

57.9±23.5
 50.0

 30.0-120.0

0.827

GCS pre-operation
 Median
 Range

8.0±4.3
 5

 3-15

8.7±4.5
 9

 3-15

0.308

Onset time (h)
 Median
 Range

11.1±11.1
 6.4

 1.0-48.0

13.6±12.8
 8.0

 2.0-52.0

0.203

Operation time (h)
 Median
 Range

20.7±13.6
 17.8

 3.0-64.0

24.5±14.3
 23.0

 3.0-65.0

0.085

Figures represent mean±standard deviation. Statistical significance calculated by t-test or chi-square-test

Table II: Clinical Data

Group A (n=66) Group B (n=93) P
Volume of clot reduction (cm3)

 Median
 Range 

22.2±10.1
 20.0

 5.0-55.0

13.6±4.1
 15.0

 3.0-22.0

<0.001

Rate of clot reduction (%)
 Median
 Range 

40.3±16.5
 40.2

 9.9-83.3

26.5±11.8
 19.8

 2.7-50.0

<0.001

Rate of re-bleeding 6 (9.1%) 1 (1.1%) 0.015
Mortality of in-hospital 15 (22.7%) 10 (10.8%) 0.048
Rate of infection 11 (16.7%) 9 (9.7%) 0.228
Rate of pneumoencephalos 14 (21.2%) 12 (12.9%) 0.194

Clot reduction and infection refer to clot reduction in first operation and surgery-related infection respectively. Re-bleeding, 
mortality, infection, and pneumoencephalos are all take place in-hospital. Figures represent mean±standard deviation. 
Statistical significance calculated by t-test or chi-square-test. 
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in a short time was no longer the emphasis of the modified 
way of aspiration. In fact, the volume of clots sucked in the 
first operation was significantly lower in group A than in 
group B. In addition, there was still a good effect of removing 
clot using continuous drainage and continual fibrinolysis, as 
shown in Figure 3A-G.

Our data showed that the rate of post-operation rehemorrhage 
during hospital stay was 4.4%, which was similar to most 
of the published literatures (2). Rebleeding rate in group B 
(1.1%) was significantly lower than that in group A (9.1%). It 
suggested that sucking too big volume of clots in a short time 

would be more favorable (29). In light of this, we conducted 
this research.

In order to release the mass effect and reduce the secondary 
brain damage as soon as possible, the technique of traditional 
aspiration generalized by Ministry of Health of China attached 
great importance to the removal of clots. However, according 
to the experiences of our clinical practice we presumed 
that too rapidly removal of clots and too frequently use of 
fibrinolysis would increase the probability of re-bleeding (30) 
and infection. From 2004, some modifications were made to 
the traditional way of aspiration in our team. Clearing clots 

Table III: Results of Follow-up

Group A Group B P
Rate of follow-up loss 11/51 (21.6%) 8/83 (9.6%) 0.074

Time period (weeks)
 Median
 Range 

321.4±53.8 (n=40)
 315.6

 200.0-398.1

93.4±44.7 (n=75)
 88.0

 23.7-178.3

0.001

Mortality of follow-up 7/40 (17.5%) 12/75 (16.0%) 1.000
Rate of GOS>3 17/40 (42.5%) 40/75 (52.6%) 0.329

Barthel-Index 
 Median
 Range 

69.2±23.9 (n=33)
 75

 15-100

79.5±23.2 (n=64)
 85

 5-100

0.044

Figures represent mean±standard deviation. Statistical significance calculated by t-test or chi-square-test, 

Figure 3: CT scans of a patient treated by aspiration. A-B) Preoperative CT scan of a 47-year-old male patient with a left basal ganglia 
hematoma (“A”: post-onset 2 hours; “B”: post-onset 12 hours and the volume of hematoma was 108 cm3). The patient was treated 
with the technique of modified aspiration and 10-mL of blood was sucked in the first operation (C). And then the patient received 
thrombolysis per day after operation. On the 5th day the puncture needle was removed. The hematoma decreased gradually (D) 
on the third day post-operation; (E) on the 5th day post-operation; (F) on the 14th day post-operation; (G) on the 26th day post-
operation). GOS and BI (the follow-up time was 122 weeks) was 4 and 90 respectively.

A b c d

e f g
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would lead to re-open the ruptured artery for the sharply 
decline of the intracranial pressure. Re-bleeding was one of 
the most serious complications of ICH and the decline of re-
bleeding rate may partly account for the significant decrease 
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(22.7%). Though the volumes of clots in our study (median 
50.6 cm3) were relatively larger than that of many other 
studies (8, 14, 23), the total rate of mortality was low (15.7%).

Data from many researches suggested the procedure-related 
complications (i.e. infections and pneumoencephalos) should 
not be ignored (19, 23, 24). In our study, though there were 
no statistically significant differences, the rate of infections 
and pneumoencephalos were lower in group B than that in 
group A. the high sucking pressure and the breaking down 
of the closed environment of aspiration system during 
the operational procedure were the probable reasons for 
pneumoencephalos.

In our research, 49.6% of the patients got a favorable functional 
outcome (GOS>3) and the mean BI in the long-term follow-up 
period was (76.0±23.2), which were both higher than that in 
previously published data (6, 13). Moreover, the mean BI of 
group B was significantly higher than that in group A (P=0.044). 
Many data showed that well removing clots helped to reduce 
the mortality in the early stage of onset, but whether helped 
to improve the long-term quality of life was a controversy (2, 
19, 20, 23, 28). Data from our study suggested that patients 
received modified way of aspiration got a favorable outcome. 

 In conclusion, the present study showed that aspiration 
with metal puncture needle was an effective way to remove 
clots. Modifying details of aspiration operation improved 
the prognosis of the ICH patients. To get more compelling 
data, a prospective clinical trial (ClinicalTrials.gov Identifier: 
NCT00752024) are in progress. 
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