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	 Background:	 This case series study evaluated the outcome and effect of portable 3D-head computed tomography (CT, MCT-I, 
16 rows mobile CT made in China) navigation-guided key-hole microsurgery for supratentorial hypertensive 
hematomas.

	 Material/Methods:	 Thirty-five consecutive unconscious patients with a significant volume of hypertensive intracranial hemorrhag-
es (HICH) were treated with 3D image-guided key-hole microsurgery, and the clinical features were summa-
rized. Preoperative and postoperative hematoma volumes and reduction in midline shifts were calculated and 
recorded. The preoperative and postoperative (initial, discharge, and 180th day after stroke onset) neurological 
status was assessed by Glasgow Outcome Scale (GOS), Glasgow Coma Scale (GCS), and modified Rankin Scale 
(mRS) score, respectively.

	 Results:	 The range of hematoma volumes of surgical patients was 24–99 ml (median, 50 ml). The median time of CT 
scan (from the time of the request to navigation finish) was 11 min. Total and near-total (>90%) hematoma 
evacuation was achieved in 96.9% cases. Compared with the initial state of neurological assessment, there 
was a significant improvement in MRS and GCS at discharge (P<0.001). After 6 months, 57.1% of patients had 
achieved functional recovery (GOS 4–5) and 2 patients had died.

	 Conclusions:	 As a minimally invasive technique, image-guided transcortical sulci or transsylvian approach is highly effective 
for immediate and complete hematoma evacuation.
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Background

In China, the incidence of stroke is higher than that of coronary 
heart disease, and the proportion of hypertensive intracranial 
hemorrhages (HICH) is also high. In China, HICH accounts for 
18.9–47.6% of all stroke cases, and patient information is de-
rived from 3 major cities – Beijing, Shanghai, and Changsha – 
which is higher than that of Western countries. HICH remains 
the most devastating form of stroke [1], with only 48–65% sur-
vival at 1-month follow-up, and with only 10% of these pa-
tients living independently [2,3].

Surgical management of HICH is still a matter of controversy 
regarding indication, timing, and method [4–6]. The STICH trial 
was a large multicenter international randomized trial showing 
that traditional craniotomy does not result in significant surviv-
al improvement and reduction in patient outcomes in HICH pa-
tients compared to conservative treatment [7]. However, there 
were some limitations to the STICH trial, which, as a worldwide 
multicenter trial, involved diverse patient inclusion criteria and 
surgical procedures. Traditional craniotomy degrades the oper-
ative effect because of its long operation time, large surgical 
wound area, and more frequent postoperative complications. 
These disadvantages led to the development of minimally in-
vasive technology for hematoma evacuation. Minimally inva-
sive surgery (such as stereotaxic puncture aspiration) can only 
partially remove the hematoma and cannot decrease the intra-
cranial pressure (ICP) effectively in the earlier period, result-
ing in a higher rate of absolute incidence of recurrent hemor-
rhage [2,8,9]. Endoscope assistance in evacuating hematomas 
has mostly shown a trend towards better outcomes than tradi-
tional craniectomy [4,10]. Key-hole surgery through natural gaps 
such as the Sylvian fissure and cerebral cortex to treat HICH 
was also advocated by some studies [11]. However, obtaining 
adequate imaging data is sometimes difficult in patients with 
a significant volume of HICH, as they may not be cooperative 
during CT scanning, and the plane formed by the bilateral OM 
lines cannot always be accessed correctly on conventional CT 
images. In these situations, significant errors may result from 
approximate radiological or surgical planning without the use 
of stereotactic techniques or frameless navigating systems [12].

Portable CT, in some form, has been available at many cen-
ters for several years. Sichuan Provincial People’s Hospital 
(Chengdu, China) is the first neurosurgical center to use the 
new-generation portable head computed tomography (CT) 
scanner (MCT-I, 16 rows mobile CT, made in China). The MCT-
1 is lighter in weight and can be easily moved by 1 operator. 
Reliability has been high, and it provides a more modern de-
tector system. We have performed over 10 000 CT scans, most-
ly at the bedside (unpublished data). In the present study, we 
evaluated the effectiveness of portable 3D-head CT navigation 
image-guided key-hole surgery for HICH.

Material and Methods

Patient selection

From January 2010 to December 2012, 557 HICH patients were 
admitted to the Military General Hospital of Beijing People’s 
Liberation Army of China (PLA), affiliated with BBH. In this study, 
a total of 35 patients were selected in the neurosurgery clinic 
who fulfilled our surgical inclusion criteria. This research was 
approved by the Army General Hospital Ethics Committee, ap-
proval number 2017-016. Inclusion criteria were: (a) Clinical 
diagnosis of non-traumatic HICH; (b) The volume of hemor-
rhage rangers 25–100 cm3; (c) Less than 24 h before clinical 
intervention (from onset of stroke to entering our hospital 
for treatment); (d) Receiving 3D-head CT navigation-guided 
key-hole surgery during January 2010 to December 2012; (e) 
Preoperative GCS score 5–14; (f) Age range of 40–80 years; 
and (g) Consent to perform surgery.

Exclusion criteria were: (a) Disturbances of blood coagulation, 
such as thrombocytopenia or hepatitis; (b) Traumatic intracrani-
al hemorrhage and intracranial infection; (c) Suffering from se-
vere diseases such as, heart, lung, renal, liver disease, or func-
tional failure; (d) History of stroke with neurological deficits; 
(e) Intracranial aneurysm or arteriovenous malformation com-
plicated with hemorrhage; and (f) Failure to provide consent.

Clinic assessment

We collected the patient baseline and clinical data, which in-
cluded sex, age, history of hypertension and diabetes, con-
sciousness status evaluated by GCS, hemorrhage location and 
side, presence of intraventricular hemorrhage, amount of ICH, 
degree of midline shift and time delay from admission to op-
eration, GCS score after 24 h of hematoma evacuation, im-
mediate CT scan after surgery showing the degree of midline 
shift and hematoma volume, hospital stay, and complications 
(occurring within 30 days, including intracranial infection, re-
bleeding, pulmonary infection, and digestive tract hemorrhage). 
The operative time was defined as an elapsed time to evac-
uate ICH from skin incision to skin closure and surgical ap-
proach for hematoma evacuation. We also recorded patient 
follow-up results, including mortality rate, functional survival 
rate mRS (initial, discharge, on the 180th day after stroke on-
set), and Glasgow Outcome Scale (GOS) (on the 180th day af-
ter stroke onset).

Surgical procedures

Setup of the portable CT scanner and navigation system

The portable CT scanner is a 16-slice CT scanner optimized for 
scanning any anatomy, which can be imaged in the 25-cm field 
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of view (FOV) (Figure 1). The scanner has casters for moving it 
to any patient in need and scans by incremental movements 
on a “centipede” track system.

CT findings

A 512×512 matrix with 1.5-mm slices was used for CT scans. A 
neuroradiologist with 15 years of experience reviewed the CT 
images, but we did not inform him about the purpose of the 
study. Then, the CT images were converted to computer files 
and we concealed all patient identification data. The hema-
toma sizes in the initial CT scans were measured; the longest 
diameter of the hematoma and the second diameter on the 
perpendicular axis were measured in the slice with the larg-
est area of ICH. The height of the hematoma was calculated 
from the number of 10-mm septa slices with hematoma and 
we measured the third diameter. The 3 diameters were mul-
tiplied and then divided by 2 (A×B×C/2) to obtain the ICH vol-
ume. The volume of blood in the ventricles was recorded, but 
we did not record the hematoma volume. If present, hydro-
cephalus was recorded. The edema volume was defined as 
the low-density area around the hematoma, as described by 
Miller et al., and the size of the area including the hematoma 
was measured, and the total volume of hemorrhage and ede-
ma around the hematoma was calculated [4].

Preoperative navigation and localization

The patient was then sent to the operating room. The im-
ages were transferred to the frameless navigation system 
(Brainlab Kolibri workstation, Feldkirchen, Germany) in the 
operating room. We were careful to avoid complicated areas 

when choosing cortical entry points in deep hematomas. The 
navigation system was used to decide on the point to open 
Sylvian fissure or sulcus. In approaching basal ganglia hema-
tomas, the middle transylvanian-transinsular approach was 
used, and the distal transylvanian-transinsular approach was 
also used for thalamic hematomas. We targeted the shallow-
est sulcus of the hematoma when it reached the cortex in lo-
bar hematomas (Figure 2).

Surgical procedures

Under general anesthesia, the patient’s head was fixed in a 
carbon-fiber clamp. Patient registration to 3D data was done 
with surface matching (fiducial-free method). The skin incision 

A B C

Figure 1. �(A–C) Photograph of the CT scanner in storage in the imaging examination room of the Neurosurgical Emergency 
Department.

Approach for
Basai ganglia hematomas
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lobar hematomas Approach for

thalamic hematomas

Sylvian �ssue

Central sulcus

Figure 2. �A sample of preoperative navigation to design the 
trajectory.
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was 5–6 cm long, and the bone window area was 3–3.5 cm2 
under the guidance of the navigation system. Through the op-
erating microscope, the lateral fissure or sulci was cut from the 
lateral side to the inside by microsurgical technique and we 
separated the arachnoid. The hematoma cavity was entered 
using a self-retaining retractor blade (length 5 or 10 mm), and 
brain plate use was minimized. The hematoma was removed 
by mild aspiration and bipolar cautery, and the hematoma cav-
ity was continuously washed with 30°C saline. The hematoma 
located in the middle of the hematoma cavity was initially re-
moved, and the remaining hematoma was transferred to the 
surgical area due to the pressure difference, which contribut-
ed to the complete removal of the hematoma (including large 
hematomas). We maintained a minimal amount of hemato-
ma near the edge of the hematoma to avoid further damage 
to the adjacent healthy brain tissue. Hematoma evacuation is 
usually accompanied by the recovery of brain beats and sig-
nificant relaxation of the brain. An intraoperative CT scan was 
performed prior to dural suturing to ensure complete resection 
of the hematoma. If a postoperative CT scan reveals a residu-
al intraparenchymal clot, the procedure is repeated to remove 
the thrombus, and a CT scan is repeated to ensure complete 
removal of the thrombus.

Outcomes and statistical analysis

Patient outcomes were assessed using GCS and mRS scores at 
discharge and admission. The GOS score was determined ini-
tially and after 6 months. Data analyses were performed using 
the SPSS 20.0 software package (version 20.0; SPSS; Chicago, 
Illinois, USA). The Shapiro-Wilk test was used to explore the dis-
tribution of data. The classified data are expressed in percent-
ages, and were analyzed by the chi-square test with Pearson’s 
test or Fisher’s exact test for small numbers. The continuity 
data are represented by means±standard, and were analyzed 
by using the t test or Mann-Whitney U test for variables that 
were not normally distributed. Multiranked data were ana-
lyzed using the Mann-Whitney U test. Differences were sta-
tistically significant at P<0.05.

Results

This series comprised 35 patients with a median age of 60 
years (range 40–86 years). Relevant clinical data and CT find-
ings are summarized in Tables 1 and 2. Among the 35 patients 
with BSGs, 21 (60%) were males and 14 (40%) were females 
(M/F ratio 1.5: 1). The mean MAP was 144.77±26.09 mmHg. 
The median time of admission (TA) was 11 h, the median time 
of CT scan (CT time) was 11 min (range 7–32 min), and the av-
erage time of operation (T-O) was 108.49±26.61 min.

Six patients underwent digital subtraction angiography (DSA), 
all of which were negative. Thirteen of the 35 hematomas were 
lobar, 17 were putaminal, and 6 were thalamic. Twenty-two 
hematomas were situated in the right hemisphere of the brain 
and 13 were in the left hemisphere (Table 3). Regarding hema-
toma shape, 12 of the 35 hematomas were regular, 15 were 
irregular, 8 were between regular and irregular, and the vol-
ume of hematoma ranged from 24 to 99 ml (median, 50 ml). 
The hematoma was found enlarged in 7 patients in preopera-
tive CT examinations. The intraoperative portable CT scan and 
navigation showed hematoma remains in 9 patients, and the 
average residue volume was 8.24±1.04 ml. Re-evaluation was 
performed according to navigation guidance. Postoperative CT 
examination (3 days after surgery) showed that 32 patients 
achieved total or near-total evacuation (91.43%). The mean 
evacuation rate was 96.9% (range 77.9–99.4%) (Figure 3). The 
average volume of residual hematomas was 1.4 mL (range, 0.1 
to 21.9 mL). Twelve patients (37.14%) had an intraventricular 
extension of the hemorrhage. Partial intraventricular hemato-
ma occurred in 6 of 12 patients with enlarged ventricular hem-
orrhage. For CT display of midline shift in all patients, a mid-
line shift of 5–8 mm was found in 17 patients; 8–10 mm was 
found in 13 patients, and >10 mm was found in 5 patients. 
Three days after the operation, 17 (48.57%) patients showed 
no midline shift, and the rest of the patients showed lightly 
shift of midline (5–8 mm). The mean preoperative edema vol-
ume was 104.51±12.40 ml and the mean postoperative ede-
ma volume was 29.77±4.07ml (P=0.001) (Figure 4).

On admission, the median GCS score for the patients was 9 
(range, 3–15), and median mRS scores were 4 (range, 2–5). 
On the third postoperative day, all patients had no neurolog-
ical deterioration; the GCS score did not improve (p=0.001), 
and there was no rebleeding. Thirty-three patients were dis-
charged to their homes. The GCS scores (median, 14; range, 
0–15) and the mRS scores (median, 3; range, 0–6) were sig-
nificantly improved compared to admission scores (P<0.001). 
After 6 months, mRS scores had improved compared to initial 
admission (P<0.001). The overall 6-month patient survival rate 
was 94.3% (33/35), including 20 patients (57.1%) with useful 
function (GOS 4–5), 10 patients (28.6%) with disability (GOS 
3), and 3 patients (8.6%) with a vegetative state (GOS 2). The 
patient mortality rate was 5.7% (2/35). One patient died be-
cause of pulmonary infection, and another patient died due 
to de novo HICH.

Three of 35 patients experienced postoperative pulmonary in-
fection (8.5%, 3/35), and 4 of them had gastrointestinal hem-
orrhage (14.3%, 5/35). Other postoperative complications in-
cluded recurrence of HICH (2.9%, 1/35) and seizures (2.9%, 
1/35) (Table 4).

10098
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Zhang H.-T. et al.: 
Image-guided key-hole surgery for hypertensive hemorrhages

© Med Sci Monit, 2019; 25: 10095-10104
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



General information before admission

General Information
Clinical outcomes

GCS mRS GOS

No
Age/

Gender
MAP

(mmHg)
TA

(hou)
T-CT
(min)

T-O
(min)

Initial 3rd day Discharge Initial Discharge 6th month 6th month

1 68/F 140 21 11 105 13 15 15 4 2 2 3

2 61/M 133 6.5 12 95 12 12 14 2 1 1 5

3 74/F 136 13 21 105 9 13 15 5 4 3 4

4 70/M 158 5 15 120 12 14 15 4 2 2 2

5 53/F 170 5 8 90 8 13 15 3 2 2 3

6 70/M 134 5 9 125 12 13 14 4 3 2 3

7 43/M 160 4 16 160 9 14 15 5 3 3 4

8 53/M 178 13.5 11 85 13 15 15 5 4 3 4

9 72/F 146 5.5 12 90 8 11 13 5 5 4 3

10 40/M 152 23 8 100 7 11 12 2 0 0 5

11 72/M 150 13 11 95 7 12 12 4 5 3 3

12 57/F 113 11 9 135 8 13 13 3 1 1 5

13 49/M 144 1 12 200 11 15 15 5 4 3 3

14 75/M 126 3 9 118 5 5 – 5 6 6 1

15 72/M 130 6 8 100 10 13 13 4 3 3 4

16 44/M 148 5 16 150 9 14 15 3 3 3 3

17 59/M 110 14 7 110 12 12 12 4 3 3 3

18 44/F 100 9 21 75 10 12 12 4 3 3 2

19 64/F 122 1.5 26 95 8 9 11 3 3 6 1

20 55/F 134 3 13 125 7 15 15 4 2 2 4

21 53/M 126 5 14 130 8 12 13 5 5 4 4

22 56/M 118 11 9 105 3 12 15 3 2 2 4

23 60/M 108 16 11 96 7 11 14 5 4 4 3

24 65/F 150 17 16 135 12 11 13 3 2 1 5

25 61/M 194 14.5 7 120 9 11 12 3 3 2 4

26 56/M 110 21 11 85 8 12 14 5 4 3 4

27 65/M 152 11.5 8 90 11 12 14 5 5 4 3

28 58/F 174 13.5 16 95 15 13 15 5 3 3 4

29 75/M 192 22 21 90 7 15 15 4 3 2 5

30 73/M 175 23.5 35 95 6 13 13 3 3 1 5

31 63/F 130 17 13 80 7 12 14 4 3 3 4

32 39/F 198 16.5 7 68 7 15 15 4 5 3 4

33 57/F 186 3 11 135 9 13 15 4 3 3 4

34 62/F 130 9.5 10 85 13 15 15 4 2 2 4

35 37/M 140 4 13 110 14 15 15 5 4 4 2

Table 1. Summary of clinical findings in 35 patients.

TA – time of admission; T-CT – from the time of the request to transmission into PACS and navigation; T-O – time of operation; 
MAP – mean arterial pressure.
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Discussion

Although traditional craniotomy can immediately remove the 
hematoma, it exposes the brain to the surrounding environ-
ment and to irrigation fluid [11,13]. Therefore, surgical tissue 
trauma may be one of the essential reasons for the cranioto-
my not being proved beneficial in the treatment of HICH. In ad-
dition, deep hematoma requires a significant incision into the 
cortex, and long-term surgery and contraction of white mat-
ter can cause further trauma to the brain, which is a serious 
adverse effect of surgical treatment after hemorrhage [7,11]. 
Because of a lack of validated therapeutic options for this 

form of stroke, the role of minimally invasive surgery (MIS) in 
the treatment of HICH has gained importance and several dif-
ferent surgical methods have emerged over the past decade.

The main advantages of CT-guided hematoma evacuation in 
patients with hypertensive thalamic hemorrhage include: (1) 
This method is simple and can be performed at the bedside 
without special equipment required by other methods. The sur-
gery is performed under local anesthesia and can be applied 
to elderly patients who cannot tolerate general anesthesia. (2) 
Short preparation time for surgery can quickly remove hemato-
ma decompression. The minimally invasive group has a shorter 

Project group (Mean±SD)/median/N Range or ratio

Age (year) 59.29±10.97 37–75 

Gender
Male 21(N) 60%

Female 14(N) 40%

MAP (mmHg) 144.77±26.09 100–198

TA (hours) 11(M) 1.00–23.50

CT time (min) 11(M) 7–35 

T-O (min) 100 (M) 68–200

Position

Lobar 13(N) 37.14%

Putaminal 16(N) 45.71%

Thalamic 6(N) 17.15%

Hematomas
Right hemisphere 22(N) 62.86%

Left hemisphere 13(N) 37.14%

Hematoma shape

Regular 12(N) 34.29%

Irregular 15(N) 42.86%

Uncertain 8(N) 22.85%

Hematoma volume (ml)
Initial 50(M) 24–99

Residual 1.4(M) 0.10–21.90

Midline shift (3 days after the 
operation)

5–8 mm 17(N) 48.57%

8–10 mm 13(N) 37.14%

>10 mm 5(N) 14.29%

GCS score
On admission 9(N) 3–15

At discharge 14(N) 0–15

mRS score
On admission 4(N) 2–5

At discharge 3(N) 0–6

OS rate after 6 Months

Good function 20(N) 57.14%

Disability 10(N) 28.57%

Vegetative state 3(N) 8.57%

Death 2(N) 5.72%

DSA 6(N) 17.14%

Table 2. Summary of the detail information on clinical data and CT findings.

M – median; N – number of patients; DSA – digital subtraction angiography.
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No HL HS HP IVH
Initial HV

(cm3)
Residual 
HV (cm3)

ER
(100%)

Pre-o MS
(mm)

Post-o MS
(mm)

Pre-o EV
(cm3)

Post-o EV
(cm3)

1 Putaminal 1 R 2 31 0.2 99.4 ++ – 48 13

2 Lobar 1 R 1 72 1.0 98.6 ++ + 115 35

3 Lobar 1 L 1 53 2.1 96.3 +++ + 63 12

4 Putaminal 3 R 2 64 1.5 97.7 + – 74 24

5 Lobar 1 R 2 50 0.6 98.8 + + 89 32

6 Lobar 2 R 1 32 1.0 96.9 + + 53 12

7 Thalamic 3 R 1 38 0.8 97.9 ++ – 72 25

8 Lobar 3 L 1 70 0.8 98.9 + – 225 65

9 Putaminal 1 R 1 37 1.0 97.3 ++ – 41 9

10 Putaminal 2 R 1 33 2.0 93.9 + + 48 16

11 Thalamic 2 R 1 57 0.7 98.8 ++ + 73 20

12 Lobar 2 L 1 28 2.5 91.1 + – 32 19

13 Putaminal 2 L 1 33 1.5 95.5 + + 105 21

14 Thalamic 3 R 2 99 21.9 77.9 +++ + 321 104

15 Putaminal 2 L 3 50 1.3 97.4 + + 96 31

16 Putaminal 2 R 1 63 0.7 98.9 + – 114 31

17 Lobar 1 L 2 30 2.8 90.7 +++ + 70 14

18 Putaminal 3 L 4 60 2.6 95.7 ++ + 143 23

19 Thalamic 3 L 2 58 1.1 98.1 +++ + 72 26

20 Putaminal 1 R 1 36 2.2 93.9 + – 68 31

21 Putaminal 2 R 1 35 0.8 97.7 ++ – 47 32

22 Putaminal 2 L 2 33 1.1 96.7 + + 100 24

23 Thalamic 1 R 1 27 0.3 98.9 ++ – 41 10

24 Lobar 1 R 1 24 0.1 97.1 ++ + 37 11

25 Lobar 2 R 1 74 3.0 95.9 + + 108 21

26 Lobar 2 L 1 28 1.6 94.3 + – 53 12

27 Putaminal 2 R 1 32 0.8 97.5 + – 88 18

28 Putaminal 3 R 2 70 3.2 95.4 + + 185 37

29 Putaminal 3 R 2 90 5.4 94.0 ++ – 306 116

30 Lobar 1 R 2 86 5.0 94.2 ++ + 203 37

31 Lobar 2 R 2 53 2.6 95.1 + – 73 22

32 Putaminal 2 L 2 75 1.8 97.6 + – 156 25

33 Lobar 1 L 4 90 15.5 82.8 +++ – 221 69

34 Thalamic 2 L 4 24 1.3 94.6 + – 57 31

35 Putaminal 1 R 1 55 1.4 97.5 ++ + 61 14

Table 3. Preoperative and immediate postoperative CT findings.

R – right; L – left; IVH – intraventricuar hemorrhage; HS – hematoma shape; HP – hematoma position; HL – hematoma location; 
Pre-o – preoperative; Post-o – post-operative; MS – midline shifting. Post-operative midline shifting indicating 24 hours post operation; 
Post-operative cisternal status indicating 72 hours post operation; Post operative GCS indicating 1 week post operation. IVH: 
1=none; 2=single lateral ventricle; 3=bilateral ventricles; 4=all ventricles, including 3rd and 4th ventricle; Hematoma Shape: 1=regular; 
2=irregular; 3=between 1 and 2 grade. Midline shifting: – normal, + 5–8 mm, ++ 8–10 mm, +++ >10 mm; EV – edema volume.
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operation time after admission compared with the craniotomy 
group. Thus, the method can avoid the possibility of the patient 
getting worse or even cerebral palsy in the long-term routine 
surgical preparation. (3) The effect of depressurization is suf-
ficient. Yan et al. [14] reported that there are many residual 
hematomas with drilling drainage compared with craniotomy 

B E

C F

Figure 3. �Preoperative and immediate postoperative CT images in image-guided key-hole evacuation of representative SICH patients 
(A–F).
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Figure 4. �Mean preoperative edema volume and mean 
postoperative edema volume.

Complications n (%)

Pulmonary infection 	 3	 (8.5)

Bleeding recurrence 	 1	 (2.9)

Digestive tract hemorrhage 	 5	(14.3)

Epilepsy 	 1	 (2.9)

Table 4. Incidence of complications.
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and endoscopic surgery. However, according to the intracrani-
al pressure-volume curve, a small amount of hematoma can 
be removed, which can significantly reduce intracranial pres-
sure (P<0.05). Xiao et al. show that the decompression effect 
can be achieved by aspirating 40–50% of the hematoma [15]. 
In our study, total and near-total (>90%) hematoma evacua-
tion was achieved in 96.9% cases, and there was a significant 
improvement in the assessment of MRS and GCS at discharge 
(P<0.001). (4) It avoids the need for a craniotomy to open the 
bone flap for a long time and pull the normal brain tissue when 
entering the hematoma cavity. Therefore, the intraoperative 
time is shorter than that of the craniotomy group (P<0.05), 
and the traumatic impact is small. The patient’s intraoperative 
blood loss was small (P<0.05), which was conducive to post-
operative recovery and reduced postoperative complications. 
A study of fully endoscopic free-hand evacuation of spontane-
ous supratentorial intraparenchymal hemorrhage [16] showed 
that the mean operative time (mean, 96 min vs. 11 min), the 
6-month GOS (mean, 2.67 vs. 3.53), and the 6-month outcome 
of mRS (mean, 4.17 vs. 2.74) were worse than in our study. 
Image-guided key-hole evacuation, using microsurgical tech-
niques, has been described by some authors. Barlas et al. [17] 
reported that, by using CT navigation and neuro-endoscopy, 
the average hematoma volume was reduced in 97.5% (range 
92.9–100%), and they demonstrated significant improvements 
in both radiological and clinical data. Lin et al. [18] reported that 
an 82% average hematoma evacuation rate was achieved by 
using 3D reconstructed CT images combining neuro-endosco-
py. Endoscopy is minimally invasive to the brain tissue, but it 
has some limitations. Trephination use in endoscopic surgery 
may damage the underlying brain tissue, such as the speech 
center on the left hemisphere, which may cause further neu-
rological deficits or significant vessel injuries [12]. Further re-
search is needed to overcome the shortcomings of limited vi-
sualization and limited working channels [19,20].

Stereotactic aspiration and drainage is another minimally inva-
sive surgery performed with or without the use of thromboly-
sis. CT-guided stereotactic aspiration, which was introduced in 
1978 by Backlund and Holst [21], was advocated with the early 
evacuation of hematoma, with much less invasiveness [22]. In 
2005, Vespa et al. [23] published a study describing frameless 
stereotactic catheter aspiration with the use of a tissue plas-
minogen activator. In their study of 28 patients, the authors 
reported a mean reduction of hematoma volume of 77±13% 
and a significant improvement in NIH Stroke Scale score at 
discharge compared with the original score. This strategy can 
be used at the bedside in the ICU, thereby avoiding the risks 
of general anesthesia. However, the average hematoma evac-
uation rate by stereotactic and simple aspiration is not satis-
factory, and a higher rebleeding rate was encountered when 
early surgical intervention was performed [24]. The risk of re-
bleeding was reported to be as high as 5% to 13.3% [25–27].

Some authors found that microsurgical evacuation requires 
more cortical exposure and brain retraction [28]. Here, by the 
image guidance of 3D-head CT navigation, a restricted burr 
hole (about 20 mm in diameter) was made, and the natural 
gap such as the cerebral sulcus or Sylvian fissure was used as 
the most accurate, shortest, and safest trajectory to the he-
matoma center, thus minimizing brain damage. Lack of ex-
pansion of perivascular edema after complete emptying in 
the early stage indicates that the burden on brain tissue has 
not increased. While rebleeding is a concern in minimally in-
vasive hematoma evacuation, imaging revealed no episodes 
of recurrent bleeding after surgery in our patients.

Our report is the first study to evaluate the invasiveness of the 
portable CT (MCT-1) navigation and the key-hole approach with 
the help of microscopic methods. The portable CT is beneficial for 
the intraoperative navigation guide recalculation and scanning 
the lesion to assess how much remains during surgery. For the 
hematoma residues in 9 patients (8.24±1.04 ml), re-evaluation 
was performed, and the hematoma was obliterated. However, 
postoperative CT examination (3 days after surgery) showed 3 
patients did not reach total or near-total evacuation (evacua-
tion rate >90%). The shapes in all 3 patients were irregular type. 
Rebleeding may contribute to the instability of a hematoma with 
intermittent nature. Whether the hematoma shape affects the 
prognosis needs further study. Additionally, HICH usually requires 
frequent CTs of the head before, in the perioperative stage, and 
after the operation [29], or even during surgery, often at short 
notice. However, most of these patients are ventilated with mul-
tiple infusion lines, and it is difficult to transfer such patients 
for CT scans to the Radiology Department. It is not uncommon 
to have some mishaps, including endotracheal tube dislodge-
ment, ventilator failure, and oxygen supply issues, which can oc-
cur while doing such transfers. In such a scenario, the availabili-
ty of a mobile CT scan is invaluable, as shown in this study [30].

Our preliminary results showed some dramatic improvements 
in patients with poor neurological condition. Evaluation of re-
sults might stimulate a re-evaluation of the efficacy of such 
less invasive surgical procedures for ICH in the future, even 
for ICH with impending herniation.

Conclusions

The 3D reconstructed CT scan image-guided minimally in-
vasive microscopic method is minimally invasive as well as 
highly effective in obtaining immediate and complete hema-
toma evacuation.
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