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Abstract: Two prevalent therapies for the treatment of spontaneous intracerebral hemorrhage 

(ICH) in basal ganglia are, minimally invasive puncture and drainage (MIPD), and endoscopic 

surgery (ES). Because both surgical techniques are of a minimally invasive nature, they have 

attracted greater attention in recent years. However, evidence comparing the curative effect of 

MIPD and ES has been uncertain. The indication for MIPD or ES has been uncertain till now. 

In the present study, 112 patients with spontaneous ICH in basal ganglia who received MIPD 

or ES were reviewed retrospectively. Baseline parameters prior to the operation, evacuation 

rate (ER), perihematoma edema, postoperative complications, and rebleeding incidences were 

collected. Moreover, 1-year postictus, the long-term functional outcomes of patients with regard 

to hematoma volume (HV) or Glasgow Coma Scale (GCS) score were judged, respectively, 

by the case fatality, Glasgow Outcome Scale (GOS), Barthel Index (BI), and modified Rankin 

Scale (mRS). The ES group had a higher ER than the MIPD group on postoperative day 1. The 

MIPD group had fewer adverse outcomes, which included less perihematoma edema, anesthetic 

time, and blood loss, than the ES group. The functional outcomes represented by GOS, BI, and 

mRS were better in the MIPD group than in the ES group for patients with HV 30–60 mL or 

GCS score 9–14. These results indicate that ES is more effective in evacuating hematoma in 

basal ganglia, while MIPD is less invasive than ES. Patients with HV 30–60 mL or GCS score 

9–14 may benefit more from the MIPD procedure than from ES.

Keywords: intracerebral hemorrhage, minimal invasive, endoscopy, puncture, basal ganglia

Abbreviations
BI, Barthel Index; CT, computed tomography; DM, diabetes mellitus; ER, 

evacuation rate; ES, endoscopic surgery; HV, hematoma volume; ICH, intracerebral 

hemorrhage; IVH, intraventricular hemorrhage; GCS, Glasgow Coma Scale; GOS, 

Glasgow Outcome Scale; MIPD, minimally invasive puncture and drainage; MISTIE, 

Minimally Invasive Surgery Plus recombinant tissue-type plasminogen activator for 

ICH Evacuation; mRS, modified Rankin Scale; PHE, perihematomal edema; STICH, 

Surgical Trial in Intracerebral Hemorrhage.

Introduction
Spontaneous ICH is one of the most devastating forms of cerebrovascular disease with 

extremely high mortality1 and disability rate.2 Among the several common regions of 

ICH, the basal ganglia are most frequently affected. ICH remains the cerebrovascular 

disease without definitive treatments. The role of surgical treatments for ICH continues 

to be controversial and needs further investigation. Surgical treatments available 
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for ICH can be divided primarily into the following three 

types: hematoma evacuation via craniotomy, MIPD, and ES.  

Craniotomy has ever been the conventional choice for ICH 

for many years. However, its role in ICH is uncertain till 

now. The randomized prospective trials, STICH I3 and 

STICH II,4 have shown that patients with ICH did not benefit 

from surgical interventions, which consist primarily of the 

craniotomy procedure. However, the results of other recent 

clinical studies have supported the effectiveness of MIPD 

and ES in ICH.5,6

Both MIPD and ES are minimally invasive and have 

drastically reduced the manipulation of viable brain tissue 

during operational procedure compared with the craniotomy 

procedures; these have shown great advantages for the 

treatment of ICH.5,6 However, the indication of MIPD, or ES 

specified, has not been clear until recently. MIPD and ES are 

quite different in details, while few studies have compared 

the curative effect of MIPD and ES for ICH patients. It is 

difficult to determine which one of these is the optimal 

choice for an individualized ICH patient. In the present 

study, we conducted a retrospective study of 112 patients 

with ICH in basal ganglia to analyze the curative effect of 

MIPD and ES.

Methods
Data sources
On a retrospective basis, clinical data of 112 patients were 

evaluated, who had been diagnosed with spontaneous ICH 

between October 2013 and October 2014. The study was 

approved by the Ethics Committee of Tangdu Hospital, The 

Fourth Military Medical University (Tangdu-2015089). 

Written informed consent was obtained from all patients 

whose medical files were used in the present research. All 

patients were admitted to Tangdu hospital within 24 hours 

after disease onset. The diagnosis of ICH was confirmed 

by CT imaging of the head and was made according to the 

diagnostic criteria of guidelines for the primary prevention 

of stroke.7 The patients were divided into the following 

two groups: MIPD group and ES group.

Inclusion criteria for patients in this study were as 

follows: 1) meeting the diagnostic criteria of spontaneous 

ICH;7 2) CT: hematoma in the basal ganglia, with (or without) 

the brain ventricle; 3) HV $30 mL; 4) preoperative GCS 

score $4; 5) hospital admission within 24 hours of onset of 

symptoms; 6) age #75 years; and 7) no serious coagulation 

disorders.

Exclusion criteria were 1) cerebral hemorrhage induced 

by intracranial aneurysms, arteriovenous malformations, 

tumors, infarction, or trauma; 2) coagulopathy, including 

thrombocytopenia and hepatitis; 3) severe cardiac, hepatic, 

renal, or pulmonary dysfunctions; 4) prior history of stroke 

with neurological deficits; 5) subtentorial hemorrhages; and 

6) untreated and discharged patients or patient death after 

admission.

Definition of baseline index
ICH was diagnosed using a CT scan (slice thickness: 

4.80 mm), with the hematoma located in the basal ganglia 

(internal and/or external capsule, caudate nucleus, putamen, 

or more than one of the abovementioned structures). HV was 

calculated using MATLAB R2012b (Math Work, Natick, 

MA, USA) semiautomatically. The presence of IVH was 

recorded, but IVH was not included in the calculation of 

ICH volume. The ICH score of each patient was calculated 

according to the method described by Hemphill et al.8

Blood pressure was measured repeatedly after patients 

were admitted to hospital. Judgment of DM was based on the 

history of DM or anti-DM medications. The GCS scores were 

assessed on admission and classified into two categories: 

mild (9–14) and severe (4–8).

Interventions
Basal treatment
All patients received medical management according to the 

guidelines of the American Heart Association/American 

Stroke Association Stroke Council for the treatment of 

spontaneous ICH in adults,9 including treatments for the 

control of blood pressure, cerebral edema, and glycemia; 

gastric protection; nutritional support; and the prevention 

of complications.

MIPD
All operations were performed under general anesthe-

sia. The procedure was similar to the method described 

by Mould et al.10 Using the stereotactic frame (Gaoxun 

Company, Guangzhou, Guangdong, China), a 10-French 

cannula was placed by stereotactic means into the hemorrhage 

clot according to preoperative CT, with the tip at two-thirds 

the length of the long axis. Special attention was paid to avoid 

important cortical function areas, as well as to avoid main 

blood vessels. After confirming the positioning of a cannula 

with postoperative CT, intraclot administration of urokinase 

(1.0×104  IU; Ndpharm, Nanjing, Jiangsu, China) was 

performed every 8 hours, up to nine doses, or until the residue 

hematoma was ,10  mL. CT scans were obtained every 

24 hours to evaluate drainage, or as clinically indicated.
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ES
ES procedures were based on the method described by 

Kuo et al.11 Transtemporal or transfrontal approach was 

selected when the route provided the shortest distance between 

the cortical surface and the hematoma on the preoperative CT 

scan. A transparent plastic sheath (10 mm in outer diameter; 

Weike Company, Changzhou, Jiangsu, China) was inserted 

into the clot via a bur hole in the skull. A 4 mm 0° rod lens 

endoscope (HOPKINS II; Karl Storz Company, Tuttlingen, 

Germany) was introduced into the sheath to provide illumina-

tion and visualization during hematoma evacuation. All of 

the blood clot that could be observed during an operation was 

evacuated using an aspirator (20 cm in length, 1.5 mm in inner 

diameter, and 2.0 mm in outer diameter; Hujiang Company, 

Shanghai, China). Hemorrhagic spots were coagulated using 

a bipolar coagulator.

Evaluation of curative effect
The following parameters were collected to evaluate curative 

effect: 1) for short-term outcomes, several parameters were 

included, such as ER at days 1 and 3, PHE, rebleeding, 

residue hematoma, anesthetic time, blood loss in operation, 

common complications, and total expenditure. The ER was 

calculated using the formula: (preoperative HV − residue 

HV)/preoperative HV. The volume of PHE was measured 

using MATLAB R2012b semiautomatically, and 2) for 

long-term outcomes, the primary outcome was functional 

independence at 1 year using the GOS, BI, and mRS. The 

cumulative case fatality was also recorded.

Statistical analysis
All statistical analyses were done using SPSS 19.0 soft-

ware package (SPSS Inc., Chicago, IL, USA). Values are 

expressed as mean ± SD. Quantitative data were analyzed by 

the two-sample t-test, while categorical data were compared 

using chi-square tests. A P,0.05 was considered statistically 

significant.

Results
General results
Baseline data are shown in Table 1. Data from a total of 

112 consecutive patients with ICH in the basal ganglia were 

collected in this study. There were 54 patients enrolled in the 

MIPD group and 58 patients enrolled in the ES group. The 

mean patient age was 59.7±7.5 years and 61.8±9.9 years for 

MIPD and ES groups, respectively (P=0.599). The mean HV 

was 63.1±15.8 mL for the MIPD group and 64.3±17.2 mL 

for the ES group (P=0.703). Patients with IVH accounted for 

29.6% and 31.0% of the MIPD and ES groups, respectively 

(P=0.872). There were no significant differences between 

the two groups among other baseline data, including gender, 

ICH score, age, body weight, blood pressure, initial GCS 

score, and DM.

Short-term outcomes
Table 2 shows the short-term outcomes within 30  days 

after ictus. The ER on postoperative day 1 in the ES group 

(82.7±23.7) was significantly higher than that in the MIPD 

group (41.2±20.0, P=0.001). After thrombolytic treatment 

with urokinase, the ER between MIPD and ES groups was 

not significantly different on postoperative day 3 (P=0.886). 

Table 1 Clinical baseline parameters

Clinical parameters MIPD (54) ES (58) P-value

Female (n/%) 29/53.7 33/55.9 0.734
Age (years) 59.7±7.5 61.8±9.9 0.599 
Weight (kg) 70.7±7.8 71.5±7.0 0.813
SBP (mmHg) 175.8±15.2 172.3±18.6 0.650
Pre-o HV (mL) 63.1±15.8 64.3±17.2 0.703

30–60 mL (n/%) 29/53.7 32/55.2 0.876
.60 mL (n/%) 25/46.3 26/44.8

Direction (left/right) 29/25 28/30 0.566
IVH (n/%) 16/29.6 18/31.0 0.872
GCS score 8.4±2.9 8.6±3.0 0.801

9–14 (n/%) 26/48.1 28/48.3 0.989
4–8 (n/%) 28/51.9 30/51.7

ICH score 2.31±0.505 2.25±0.512 0.566
Diabetes (n/%) 7/12.9 10/17.2 0.528

Abbreviations: MIPD, minimally invasive puncture and drainage; ES, endoscopic 
surgery; SBP, systolic blood pressure; Pre-o, preoperative; HV, hematoma volume; 
IVH, intraventricular hemorrhage; GCS, Glasgow Coma Scale; ICH, intracerebral 
hemorrhage.

Table 2 Short-term outcomes

Clinical outcomes MIPD (54) ES (58) P-value

ER at day 1 (%) 41.2±20.0 82.7±23.7 0.001
ER at day 3 (%) 86.2±10.3 85.5±11.3 0.886
Residue hematoma (mL)  9.0±2.8 8.6±2.5 0.740
PHE at day 7 (mL) 64.3±14.2 77.2±8.5 0.024
Rebleeding (n/%) 2/3.7 3/5.1 0.707
Anesthetic time (minutes) 50.9±5.6 90.9±10.0 ,0.001
Blood loss (mL) 26.3±6.8 123.6±19.5 ,0.001
Pulmonary infection (n/%) 2/3.7 4/6.8 0.453
Infectious meningitis (n/%) 1/1.9 2/3.4 0.601
Hypoproteinemia (n/%) 4/7.4 14/24.1 0.016
Digestive tract ulcer (n/%) 5/9.3 14/24.1 0.036
Renal failure (n/%) 2/3.7 1/1.7 0.517
Epilepsy (n/%) 2/3.7 3/5.1 0.707
Hospitalization length (day) 9.6±2.8 10.4±3.1 0.549
Total expenditure  
(¥, thousand yuan)

39.3±3.6 45.2±4.7 0.006

Abbreviations: MIPD, minimally invasive puncture and drainage; ES, endoscopic 
surgery; ER, evacuation rate; PHE, perihematoma edema.
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Volume of residue hematoma was calculated after removal of 

the intracerebral cannula. There was no significant difference 

in residue HV between the MIPD and ES groups (P=0.740, 

Figures 1 and 2 for individual patient of MIPD and ES groups, 

respectively). PHE was examined on day 7 after ictus. PHE 

of the MIPD group (64.3±14.2) was smaller than that of the 

ES group (77.2±8.5, P=0.024; Figures 1C and 2C). It was 

not possible to stop bleeding during the MIPD operation. 

However, the rebleeding rate of the MIPD group was not 

significantly higher than that of the ES group (P=0.707). 

The anesthetic time and blood loss of the MIPD group were 

significantly lower than those of the ES group (P,0.001). 

In addition, the incidence of hypoproteinemia (P=0.016) and 

digestive tract ulcer (P=0.036) was also lower in the MIPD 

group than in the ES group. Incidence of other complications, 

such as infectious meningitis, renal failure, and epilepsy, 

was indistinguishable between the groups. There was no 

significant difference in length of hospitalization between 

the groups, while the total expenditure was higher for the ES 

group than for the MIPD group (P=0.006).

Long-term outcomes
Table 3 shows the long-term outcomes at 1 year after ictus. 

The cumulative total mortality was 23.2% (26/112), and the 

difference between the MIPD and ES groups was insignifi-

cant (22.2% vs 24.1%, P=0.810). BI and mRS were collected 

from surviving patients. Analysis with regard to patients 

with GCS score 9–14 showed that the GOS score and BI 

were significantly higher (P=0.030, P=0.040) in the MIPD 

group than in the ES group. The mRS was significantly 

lower in the MIPD group than in the ES group (P=0.023). 

For patients with HV 30–60, the GOS score and BI were 

significantly higher (P=0.023, P=0.046) in the MIPD group 

than in the ES group. The mRS was lower (P=0.034) in 

the MIPD group than in the ES group. Other stratified 

variables showed no significant differences in GOS score, 

BI, or mRS between groups for patients with GCS score 

4–8 or HV .60.

Discussion
Brain damage induced by ICH can be divided into primary 

injury and secondary injury.12 Primary injury is mainly the 

result of mechanical damage associated with the mass effect.13 

Mass effect is related to the volume of the given hematoma. 

In the present study, both MIPD and ES techniques evacuated 

the hematoma effectively. On postoperative day 1, the ER of 

ES was significantly higher than that of MIPD. After using 

urokinase to dissolve residue hematoma, the ER of MIPD 

Figure 1 Computed tomography scan before operation (A), at postoperative day 2 (B), and postictus day 7 (C) for a minimal invasive puncture and drainage patient.
Note: The perihematomal edema was semiautomatically threshold-based segmented and outlined with red line (C).
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Figure 2 Computed tomography scan before operation (A), at postoperative day 1 (B), and postictus day 7 (C) for an endoscopic surgery patient.
Note: The perihematomal edema was semiautomatically threshold-based segmented and outlined with red line (C).

Table 3 Long-term outcomes

Clinical outcomes MIPD ES P-value

Case fatality (n/%) 12/22.2 14/24.1 0.810
GOS

GCS 9–14 4.3±0.6 3.9±0.7 0.030
GCS 4–8 3.5±1.0 3.4±0.8 0.743
HV 30–60 mL 4.3±0.6 3.8±0.9 0.023
HV .60 mL 3.3±0.8 3.4±0.6 0.581

BI
GCS 9–14 84.6±19.4 77.3±13.4 0.040
GCS 4–8 73.3±14.5 75.3±11.4 0.651
HV 30–60 mL 83.8±10.8 76.7±13.1 0.046
HV .60 mL 72.8±14.6 74.8±12.1 0.651

mRS
GCS 9–14 1.7±0.9 2.3±0.7 0.023
GCS 4–8 2.4±1.2 2.5±1.1 0.772
HV 30–60 mL 1.9±1.1 2.6±1.0 0.034
HV .60 mL 2.6±1.2 2.4±1.1 0.678

Abbreviations: MIPD, minimally invasive puncture and drainage; ES, endoscopic 
surgery; GOS, Glasgow Outcome Scale; GCS, Glasgow Coma Scale; HV, hematoma 
volume; BI, Barthel Index; mRS, modified Rankin Scale.

did not differ significantly from that of ES on postoperative 

day 3. These results indicate that, although ES and MIPD 

had similar hematoma ERs in the acute phase, ES evacuates 

the hematoma more quickly than MIPD and is more potent 

in alleviating the mass effect of ICH.

The PHE is a direct consequence of ICH (local pres-

sure, the protein contents, and the degradation products of 

blood clot) and a reason for neurological deterioration after 

the first 24–48 hours from the onset of symptoms.14 PHE 

begins as soon as ICH occurs and reaches to the maximum 

until 3 weeks after ictus in its natural course.15 It has been 

reported that for hematomas with volume ,60 mL, second-

ary brain injury was the dominant injury mechanism in the 

pathological mechanism of the ICH.16–18 Therefore, removal 

of the hematoma in the acute phase, via surgical techniques, 

is supposed to be effective in reducing PHE and to be prom-

ising toward improving the result of ICH, especially for 

patients with an HV ,60 mL. The recently published result 

of the MISTIE II study10 revealed that MIPD treatment sig-

nificantly reduced PHE volume compared with nonsurgical 

medical treatment. Moreover, the percentage of removed 

ICH was in positive correlation with the reduction of PHE, 

indicating that hematoma removal with MIPD technique 

is effective in managing PHE. According to the result of 

the present study, the hematoma evacuation was equally 

effective with both MIPD and ES, but the edema around the 

area of the removed hematoma was more pronounced on 

postoperative day 7 in the ES group: This indicates that the 
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more extensive manipulations in the brain with endoscopic 

hematoma removal (placement and movement of working 

cannula in the brain, coagulation in brain tissues) result in 

more edema reaction.

Definitive surgical techniques for ICH have not been 

established until the present. In the past several decades, 

open craniotomy with hematoma evacuation has ever been 

the primary choice.19 It was characterized by good visibility, 

complete removal of the hematoma, easy hemostasia, and 

satisfactory reduction of intracranial pressure.19 However, 

several randomized trials in recent years have failed to show 

neurological improvement from surgical treatments, which 

are primarily open craniotomy compared with conservative 

medical treatment.3,4,20 Open craniotomy is accompanied 

with shortcomings associated with the procedure, such as 

long duration of surgery, mass blood loss, stretching and 

electrocoagulation of brain, and a potential for a series of 

pathophysiological changes after craniotomy. These short-

comings may offset the benefit of hematoma evacuation 

and ICP reduction of open craniotomy.3 The lack of clear 

benefit from open craniotomy has led to the significance of 

the use of minimally invasive techniques for the evacuation 

of acute ICH. Both MIPD and ES are minimally invasive 

techniques, while the MIPD procedure requires less inva-

sive manipulations in brain tissue than ES.6,10 Results of the 

present study also showed that the MIPD group had less blood 

loss and shorter anesthetic time. Moreover, the incidence of 

hypoproteinemia and digestive tract ulcer, which reflects the 

systemic states of patients, was also lower in the MIPD group 

than in the ES group. All these results suggest that MIPD is 

less invasive than ES. Rebleeding is a serious complication 

of ICH. Careful hemostasis can be achieved by coagulations 

in ES, while it is impossible to stop bleeding with any tools 

during MIPD. However, the rebleeding rate of the MIPD 

group was not higher than that of the ES group, indicating 

that MIPD did not increase the risk of rebleeding.

In the present study, there was no significant difference 

in case fatality between the MIPD and ES groups. The 

primary outcome was functional independence at 1-year 

postictus. Three indexes were used to evaluate the functional 

outcomes: GOS, BI, and mRS. Since the HV and GCS score 

are independent prognostic factors for clinical outcomes of 

ICH,21,22 the functional outcomes of patients at 1 year after 

ictus were analyzed according to different HV and GCS 

scores. For patients with HV 30–60 mL or GCS score 9–14, 

the GOS score at 1-year postictus of the MIPD group was 

significantly higher than the ES group. Similarly, according 

to the BI and mRS, patients of the MIPD group with HV 

30–60 mL or GCS score 9–14 were with better outcomes 

than patients of the ES group. In contrast, for patients with 

HV .60 mL or GCS score 4–8, the GOS score, BI, and mRS 

at 1-year postictus of the MIPD group were not significantly 

different from those of the ES group. Previous studies have 

already compared MIPD or ES with open surgery and have 

shown that the curative effect of MIPD or ES surpassed that 

of open craniotomy.23,24 MIPD and ES play more and more 

important roles in the treatment of ICH.5 In addition, there 

are studies that compared the curative effect of MIPD and 

ES.24,25 However, in these studies differences in surgical 

techniques (MIPD and ES), which may impact the clinical 

outcomes, were not specially discussed. These studies also 

lacked uniform baseline characteristics prior to operation25 

or mainly focused on noncomatose patients.24 In our study, 

the preoperative baseline characteristics of both groups were 

uniform and we selected comatose as well as noncomatose 

patients. The results of the present study indicate that MIPD 

and ES have similar impact on the fatality of ICH patients, 

while patients with HV 30–60 mL or GCS score 9–14 may 

benefit more from the MIPD than the ES, compared with 

those with HV .60  mL or GCS score 4–8, in terms of 

increasing neurologic functional independence.

Conclusion
Our results showed that ES evacuated hematoma more 

quickly than MIPD, while MIPD was less invasive than ES. 

MIPD may be more effective than ES for achieving a better 

functional independence in patients with HV 30–60 mL or 

GCS score 9–14. These preliminary results warrant further 

study of large, prospective, randomized trials in the near 

future.
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