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Abstract: The aim of this study was to investigate the surgical method of hypertensive intracerebral hemorrhage 
(HIH) and how to control the postoperative blood pressure. 96 HIH patients were performed the craniotomic hema-
toma dissection (CHD) and the hematoma-cavity drilling drainage (HCDD), respectively. Meanwhile, the intracranial 
pressure and mean arterial pressure of each patient were continuously monitored for 7 days, the postoperative 1st, 
3rd, 7th and 14th-day average flow velocities and pulsatility indexes of the bilateral middle cerebral arteries were mon-
itored. CHD exhibited the significant difference in the long-term quality of life (ADL classification 6 months later) of 
patients with hematoma >50 ml than HCDD; furthermore, the postoperative 1st, 3rd, 7th and 14th-day TCD parameter 
analysis revealed that CHD exhibited better results in relieving the intracranial pressure and improving the cerebral 
blood flow than HCDD, and the postoperative ICP and MAP monitoring towards all patients could effectively control 
the blood pressure and prevent the further bleeding. The patients with hematoma >50 ml should choose CHD, and 
all HIH patients should be routinely performed the ICP and MAP monitoring.

Keywords: Hypertensive intracerebral hemorrhage, intracranial pressure monitoring, transcranial doppler ultra-
sound

Introduction

The incidence of HIH exhibited a clear upward 
trend in recent years, and its mortality and mor-
bidity were high, the mortality rate within one 
month of cerebral hemorrhage was 35% to 52% 
[1], among who about 50% died within 2 days of 
the onset, and only 20% survivors could take 
care of themselves six months later [2]. The 
postoperative bleeding of HIH patients was the 
leading cause of significantly high mortality and 
morbidity. There were 2 surgical treatments 
towards HIH, trans-cranial hole hematoma-cav-
ity urokinase rinsing-drainage and CHD. The 
transcranial Doppler (TCD) could detect the 
basal cerebral blood flow, pulsatility index (PI) 
and Vm MCA, which might reflect the changes 
of cerebral hemodynamics. The cranial TCD 
detection indexes were closely related to the 
intracranial pressure [3]. Currently, ICP had 
been widely used into the treatment and res-

cue of traumatic brain injuries [4]. Olivecona [5] 
considered that ICP was a reliable indicator to 
determine the prognosis of patients with cere-
bral hemorrhage. Dale et al [6, 7] reported that 
the intracranial pressure monitoring could pro-
vide the information that could not be provided 
by the clinics and imaging, thus providing the 
objective quantitative standard indicators for 
the selection of surgical methods towards the 
HIH patients. The intracranial pressure monitor 
could provide the accurate basis for the reason-
able and effective treatment of intracranial 
hypertension, and would help to determine the 
disease conditions and the operation time. To 
investigate the surgical method of hypertensive 
intracerebral hemorrhage (HIH) and how to con-
trol the postoperative blood pressure. In recent 
years, most studies suggested that the simulta-
neous monitoring of ICP and CPP had much 
more clinical significance than the simple ICP 
monitoring [8, 9]. Bullock’s studies showed that 
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[10, 11] when the intracranial pressure was 
controlled <20 mmHg, the patients’ outcomes 
could be greatly improved, meanwhile, he 
pointed out that [12] when the intracranial 
pressure was increased to >5.3 kPa, the intra-
cranial hematoma might exist. According to the 
research we conclude that the patients with 
hematoma >50 ml should choose CHD, and all 
HIH patients should be routinely performed the 
ICP and MAP monitoring.

Materials and methods

General data

A total of 96 study subjects were enrolled, and 
divided into traditional CHD group (56 cases) 
and the HCDD group (40 cases) according to 
the treatment methods, among who 69 cases 
were males, and 27 cases were females, aged 
35 to 86 years old (with the mean age as 60.8 
± 13.1) years old. This study was conducted in 
accordance with the declaration of Helsinki. 
This study was conducted with approval from 
the Ethics Committee of Wuhan University. 
Written informed consent was obtained from all 
participants. The systolic blood pressure when 
admission was 130~240 mmHg, with the aver-
age as (175.76 ± 30.13) mmHg, the diastolic 
blood pressure was 70~160 mmHg, with the 
average as (115.15 ± 15.12) mmHg. When 
admitted, 95 cases had the headache, 90 
cases had the vomiting, 86 cases exhibited the 
hemiplegia, 8 cases had the clear conscious-
ness, 14 cases exhibited the lethargy, 9 cases 
were in the blurred consciousness, 9 cases 
exhibited the drowsiness, 18 cases were in the 
light coma, 32 cases were in the moderate 
coma, and 6 cases were in the deep coma; 7 
cases had the bleeding site under the cortex, 
73 cases were in the putamen area, 6 cases 
were in the thalamus, 5 cases were in the cer-
ebellum, 5 cases were in the brainstem, and 12 
cases broke into the ventricle. The hematoma 
volume (including the upper and lower entori-
um), the Tada formula was used to calculate 
the hematoma volume (hematoma volume = 
π/6 × lengthmax × widthmax × heightmax) (the 
patients that broke into the ventricle were not 
calculated the intraventricular hemorrhage vol-
ume) [13], the HCDD group was (42.8 ± 11.8) 
ml, the CHD group was (53.3 ± 11.2) ml. The 
case selection criteria: all the cases were con-
sistent with the diagnostic criteria of brain hem-
orrhage developed by the 4th National 

Conference of the brain blood vessels in 1995, 
and confirmed by CT, while the patients without 
temporal window of TCD examination were 
excluded. The patients with such clear evi-
dence-induced hemorrhage as aneurysm, cere-
bral vascular malformations, AVM trauma, can-
cer and stroke were excluded.

Research methods

All the patients were divided into the CHD 
groups and the HCDD group. The HCDD group: 
after the CT positioning, the scalp was per-
formed the straight incision under the local 
anesthesia, the skull was then drilled, which 
was then used for the slight enlargement of cra-
nial bone hole (which would be conducive for 
the placement of ICP monitoring probe), the 
cerebral dura mater was then crossly cut, the 
hematoma cavity was then direct punctured, 
and placed the drainage tube after sucked 40% 
to 60% of hematoma, the diluted urokinase 
was then used to rinse the hematoma cavity 
2~3 times daily with postoperative 3 days, and 
3 days later, the head CT was re-checked for 
the withdraw of drainage tube, and the ICP 
monitoring was continued until the postopera-
tive 7th day. The CHD group: the patients were 
performed the general anesthesia and intuba-
tion, followed by the converse scalp incision (or 
horseshoe scalp incision) on the frontotempo-
ral part, after cut the dura mater, one 3~4 cm 
cortex incision was performed at the sulcus of 
superior or middle temporal gyrus, the bipolar 
coagulation was used for the hemostasis, then 
deepened 2~3 cm further and entered the 
hematoma cavity, one sucker was used to gen-
tly suck the blood clots, and the tumor-pliers 
could be used to remove the loosen clot if nec-
essary. The drainage tube was then placed 
inside the hematoma cavity, and whether the 
bone flaps were restored should be depended 
on the specific situations, the postoperative 
continuous drainage was performed, mean-
while, the bone window-surrounding epidurum 
was placed the continuous ICP monitoring until 
the postoperative 7th day.

The intracranial pressure monitoring used the 
PM-9000 multifunctional intracranial pressure 
monitor (Shenzhen Mindray Co.), which could 
monitor MAP (mean arterial pressure). All the 
patients were performed the epidural catheter-
ization for the 24 h continuous monitoring, and 
for a total of 7 days. The ICP monitoring results 
were shown in Tables 1, 2.
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TCD monitoring used the EMS-9U-type monitor 
(Shenzhen Delicate Co.), the patients were 
monitored the TCD detection on the postopera-

with the hematoma volume as 30~50 ml; there 
were 17 and 10 cases in the CHD group with 
the hematoma volume >50 ml, and 4 and 8 

Table 1. ICP results of the 2 group at different postoperative 
times (hematoma volume 30~50 ml)

Group N Immediately after 
the surgery 1st d 3rd d 7th d

CHD 30 2.02 ± 0.48 3.01 ± 0.32 3.40 ± 0.55 1.98 ± 0.72
HCDD 27 2.04 ± 0.37 2.96 ± 0.58 3.60 ± 0.78 2.03 ± 0.68

Table 2. ICP results of the 2 group at different postoperative 
times (hematoma volume >50 ml)

Group N Immediately after 
the surgery 1st d 3rd d 7th d

CHD 26 2.02 ± 1.28 3.11 ± 1.31 3.80 ± 1.56 2.80 ± 1.64
HCDD 13 4.65 ± 1.35 4.98 ± 1.49 5.24 ± 1.84 3.79 ± 1.89

Table 3. TCD parameters of the 2 groups (hematoma volume 
30~50 ml)

Group N Diseased side 
VmMCA

Healthy side 
VmMCA

Diseased 
side PI

Healthy side 
PI

CHD
    1 d 30 54.21 ± 7.90 59.12 ± 8.09 1.26 ± 0.13 1.16 ± 0.13
    3 d 30 51.01 ± 7.87 56.98 ± 7.01 1.35 ± 0.12 1.26 ± 0.15
    7 d 30 59.60 ± 8.73 64.21 ± 8.03 1.01 ± 0.15 0.62 ± 0.13
    14 d 30 66.72 ± 8.07 69.07 ± 7.01 0.86 ± 0.15 0.80 ± 0.11
HCDD
    1 d 27 53.18 ± 7.63 60.09 ± 8.01 1.25 ± 0.14 1.17 ± 0.15
    3 d 27 52.01 ± 7.90 57.98 ± 7.12 1.36 ± 0.13 1.25 ± 0.15
    7 d 27 61.01 ± 8.70 65.21 ± 8.03 1.01 ± 0.17 0.63 ± 0.16
    14 d 27 67.81 ± 7.72 70.01 ± 6.09 0.85 ± 0.13 0.79 ± 0.13

Table 4. TCD parameters of the 2 groups (hematoma volume 
>50 ml)

Group N Diseased side 
VmMCA

Healthy side 
VmMCA

Diseased 
side PI

Healthy side 
PI

CHD
    1 d 26 53.16 ± 8.01 58.66 ± 7.99 1.24 ± 0.14 1.16 ± 0.11
    3 d 25 50.19 ± 8.17 57.29 ± 6.78 1.36 ± 0.11 1.24 ± 0.13
    7 d 23 58.77 ± 9.12 63.77 ± 8.13 1.01 ± 0.16 0.61 ± 0.14
    14 d 22 65.98 ± 8.66 68.09 ± 6.03 0.87 ± 0.13 0.83 ± 0.13
HCDD
    1 d 13 48.72 ± 6.72 53.77 ± 6.78 1.04 ± 0.15 0.52 ± 0.10
    3 d 11 43.17 ± 6.16 50.22 ± 5.78 1.06 ± 0.12 0.94 ± 0.15
    7 d 11 42.78 ± 7.13 50.01 ± 7.12 1.07 ± 0.19 0.93 ± 0.11
    14 d 9 65.78 ± 6.67 68.11 ± 5.99 0.82 ± 0.11 0.78 ± 0.12

tive 1st, 3rd, 7th and 14th day, 
respectively, the bilateral MCA 
Vm and bilateral PI values were 
collected. The TCD parameters 
of the 2 groups (hematoma vol-
ume 30~50 ml) were shown in 
Table 3, and those with hemato-
ma volume >50 ml were shown 
in Table 4.

Efficacy evaluation, neurological 
deficits scoring, the short-term 
indicators postoperative-2-week 
GOS score, among which good (5 
points) and mild disability (4 
points) were classified as the 
good prognosis, severe disability 
(3 points), vegetal survival (2 
points) and death (1 point) were 
classified as the poor prognosis. 
There were 17 and 13 cases in 
the CHD group with the hemato-
ma volume as 30~50 ml, and 14 
and 13 cases in the HCCD group 
with the hematoma volume as 
30~50 ml; there were 15 and 
11cases in the CHD group with 
the hematoma volume >50 ml, 
and 4 and 9 cases in the HCCD 
group with the hematoma vol-
ume >50 ml. The long-term effi-
cacy was assessed by the abili-
ties of daily living (ADL) classifi-
cation method, the situations of 
full recovery of daily living (ADL1), 
partial recovery of daily living 
(ADL2) and walkable under the 
help of someone and crutches 
(ADL3) after 6-month treatment 
were classified as the good prog-
nosis, severely disabled-lying in 
bed but remained the conscious-
ness (ADL4), vegetal survival 
(ADL5) and death (ADL6) were 
classified as the poor prognosis. 
There were 11 and 18 cases in 
the CHD group with the hemato-
ma volume as 30~50 ml, and 13 
and 15 cases in the HCCD group 
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cases in the HCCD group with the hematoma 
volume >50 ml.

Data analysis

All the data were used the SPSS13.0 statistical 
software for the analysis, the measurement 
data were expressed as 

_
x  ± s, and performed 

the t-test or F-test, as well as ANOVA multi-sam-
ple single-factor analysis of variance and linear 
correlation analysis; the counting data and con-
stituent ratio were performed the x2 test, with P 
< 0.05 considered as the statistical signifi-
cance; the multi-factor impacts were performed 
the logistic regression analysis.

Results

The efficacies of two surgical methods were 
compared, the logistic regression analysis 
revealed that the gender did not significantly 
affect the prognosis (P = 0.561), while the age, 
GCS score, blood pressure when admitted, 
hematoma volume, hematoma site and sur-
gery-starting time significantly affected the 
prognosis (P = 0.019, 0.016, 0.021, 0.016, 
0.007 and 0.021, respectively), the treatment 
method had the significant effects towards the 
prognosis (P = 0.001). The cumulative logistic 
gradual regression model was used for the 
screening and analysis, which excluded the 
impacts of age, and eventually found that the 
blood pressure, hematoma volume, hematoma 
site, GCS score, surgery-starting time and sur-
gical method were the most important factors 
that would affect the prognosis. There was no 
significant difference in age, blood pressure, 
hematoma volume, hematoma site, GCS score 
and surgery-starting time between the 2 
groups, while the two surgical methods had the 
significant differences in the short-term quality 
of life (GOS1-month later) and long-term quality 
of life (ADL classification 6-month later) towards 
the patients with hematoma volume >50 ml. 
Furthermore, the TCD parameters on the post-
operative 1st, 3rd, 7th and 14th-day revealed that 
the craniotomy was significantly better in reliev-
ing the intracranial pressure, improving the 
cerebral blood flow and reducing the brain tis-
sue damage than HCDD. Therefore, we believed 
that the patients with hematoma volume >50 
ml should choose the craniotomy. 

Discussion

The most important pathological changes of 
HIH were the hemorrhage-occupying effects-

induced mechanical damages and such sec-
ondary damages of surrounding tissues as 
cerebral ischemic edema [14]. Shaheen et al 
[15] thought that the damages of cerebral tis-
sues caused by the cerebral ischemic edema 
after the cerebral hemorrhage were as much as 
the hematoma itself. The patients with sharp 
rising of intracranial pressure in a short time 
might also occur the acute cerebral edema 
induced by some reasons, and the mortality of 
these patients was high, and the effective 
appropriate treatments should be performed 
clinically [16]. Over the years, the surgical treat-
ment of HIH had been widely accepted by neu-
rosurgeons, and the surgical treatments used 
were also diverse, but the clinical results 
reported varied. The much more consistent 
trend was the minimal-invasive procedure, 
because the hematoma size were different, the 
bone flap craniotomy or minimal-invasive cath-
eterization could not simply be used as the uni-
fied procedure, it would be much more objec-
tive to choose the different surgical methods 
according to the severity, hematoma site, 
hematoma volume and damaged range of brain 
tissues. The surgical purposes were to remove 
the hematoma, decrease the intracranial pres-
sure, prevent or reduce the series of post-
bleeding secondary pathological changes, and 
break the vicious cycle that would threaten the 
lives. We believed that these two surgical meth-
ods were both effective, and different patients 
should choose different surgical procedures. 
This study grouped 96 patients, the CHD group 
was namely the hemicraniectomy, with wider 
vision field, and the hemostasis under the 
direct vision could be much more thorough, so 
the opportunity of rebleeding was fewer, the 
hemicraniectomy could reduce the incidence of 
cerebral hernia and reduce the neurogenic pul-
monary edema; the HCDD group, namely the 
CT-locating cranial drilling + urokinase dissolu-
tion, tried to exchange the maximal removal of 
hematoma with a smaller brain damages, thus 
achieving the full decompression, maximally 
protect the brain tissues and good postopera-
tive recovery of neurological functions. The 
minimal-invasive craniotomy had smaller trau-
ma, but had such shortcomings as difficult for 
the deep-site hemostasis, incomplete drainage 
and easy rebleeding, thus it was much more 
suitable for the advanced hematoma that was 
largely liquefied and lytic, while could not 
achieve the satisfactory effects towards the 
early hematoma which was mainly the blood 
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clots. We took both CHD and HCDD for the 
treatments, and observed the changes of post-
operative ICP, bilateral MCA Vm and PI values 
of the patients with hematoma >50 ml, the 
results showed from the traditional craniotomy 
exhibited the significantly lower ICP values than 
the HCDD group from the exact time of hemato-
ma-removal surgery, to 72th hour and one week 
after the surgery, the TCD results showed that 
the diseased-side MCA Vm was significantly 
increased, while the PI value was decreased 
significantly from the exact time of hematoma-
removal surgery, to 72th hour and one week 
after the surgery, which of course would help to 
reduce the brain edema and brain tissue dam-
ages, improve cerebral circulation, and create 
favorable conditions for the early recovery of 
compressed brain tissues. We believed CHD 
was better in relieving the intracranial pres-
sure, reducing the brain tissue damages than 
HCDD. We found no significant difference exit-
ed between CHD and HCDD towards the prog-
nosis of patients with hematoma volume within 
30~50 ml.

The detection of cerebral blood flow velocity by 
TCD could basically reflect the speed of cere-
bral blood flow, PI mainly reflected the changes 
of cerebral vascular resistance, and the veloci-
ty of systolic peak (Vm) was mainly affected by 
the systolic blood pressure [17, 18], CVR was 
also decided by the cerebrovascular diameter 
and ICP. Therefore, these parameters might 
reflect the changes of cerebral hemodynamics 
[3]. So far, the determinations of ICP all used 
the invasive methods, the invasive intracranial 
pressure monitoring technologies and methods 
were plenty, the intraventricular monitoring and 
the subdural monitoring were classified accord-
ing to the different anatomical locations of 
intracranial-pressure monitoring probes [19, 
20]. The traditional medicine thought that 
because the cranial cavity was a whole, when 
the intracranial occupying effect was produced, 
the cranial contents would be changed, so that 
the pressures inside the cranial cavity were all 
increased, and almost the same throughout 
the intracranium [21]. We used the epidural 
pressure (EDP) method. CPP was the result of 
systemic mean arterial pressure (MAP) sub-
tracted by ICP, the cerebral blood flow (CBF) 
was positively proportional to CPP, while nega-
tively proportional to the cerebral vascular 
resistance (CVR), i.e. CBF = (MAP-ICP)/CVR. 

When the cerebrovascular autoregulation func-
tions existed, ICP rose, CPP decreased, the 
cerebral small arteries expended, CVR would 
decrease to maintain the constant of cerebral 
blood supply, and then the diastolic blood pres-
sure (DBP) would be decreased significantly 
than the systolic blood pressure (SBP), so the 
pulse pressure difference was increased, and 
PI that reflected the pulse pressure difference 
was increased. TCD made it possible for the 
bedside noninvasive monitoring of ICP and 
cerebral perfusion pressure. The occupying 
effects of intracranial hematoma might lead to 
the continuous increasing of ICP and the reduc-
tion of blood flow. In the present study, the 
asymmetry of bilateral MCA flow velocities 
among the 96 HIH patients was decreased, 
and that in the healthy side was much more sig-
nificant than the diseased side, consistent with 
Egido [22], namely the MCA flow velocity was 
considered to be closely associated with the 
hematoma volume, thus it could reflect the 
asymmetry of blood flows in both hemispheres. 
As for the patients with hemorrhage volume 
>50 ml, the bilateral MCA flow velocities of the 
HCDD group exhibited the declining changes 
within 1 week, while began to increase in the 
2nd week, while the PI value was increased con-
tinuously in the 1st week, and started to fall in 
the 2nd week. Compared with the HCDD group, 
the MCA flow velocity of the CHD group began 
to increase on the 7th day, while PI was 
decreased, and there existed the significant dif-
ference between the 2 groups on the 14th day. 
This was because the hematoma-caused sec-
ondary cerebral edema of the CHD group was 
significantly reduced on the 7th day, and the 
occupying effects were basically eliminated on 
the 14th day, the gradual eliminations of cere-
bral edema and metabolite accumulation made 
ICP approach the normal.

In recent years, most studies suggested that 
the simultaneous monitoring of ICP and CPP 
had much more clinical significance than the 
simple ICP monitoring. Menzel et al [23] consid-
ered that the patients with CPP less than 60 
mmHg would have poor prognosis, when CPP 
fell below 60 mmHg, the oxidation of brain 
parenchyma would decrease, which was the 
indicator to reflect the balance of cerebral oxy-
gen supply and demand, its decreasing showed 
the imbalance of brain oxygen supply. 
Meanwhile, Reinert et al [24] thought that the 
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excessively high CPP would make the brain oxy-
gen level lower than that when CPP was within 
70~90 mmHg. So, most scholars thought that 
the CPP level should be maintained at 70~90 
mmHg. Because of the relationships such as 
CPP = MAP-ICP and others, and CPP was con-
trolled within 70~90 mmHg, ICP was controlled 
within 6~15 mmHg, the MAP level should then 
be controlled within 76~105 mmHg. Bullock’s 
studies showed that when the intracranial pres-
sure was controlled <20 mmHg, the patients’ 
outcomes could be greatly improved, mean-
while, he pointed out that when the intracranial 
pressure was increased to >5.3 kPa, the intra-
cranial hematoma might exist. We firstly guar-
anteed that ICP was maintained within 6~15 
mmHg, then controlled MAP within 76~105 
mmHg according to the ICP monitoring results, 
so that we not only could ensure the adequate 
cerebral perfusion, reduce the further damag-
es of nerve cells inside the perihematomal pen-
umbra caused by the ischemia and hypoxia, but 
also would not cause the bleeding because of 
the excessively high CPP, the specific method 
was to use the infusion of 20% mannitol and 
sodium nitroprusside for the maintenance. 
Therefore, this study believed that it was neces-
sary for HIH patients to dynamically monitor 
their ICP and MAP, because this monitoring 
could accurately maintain the intracranial pres-
sure within the normal range, reduce the brain 
damages caused by the postoperative cerebral 
edema-induced high intracranial pressure, and 
could promptly adjust the blood pressure, thus 
ensuring that cerebral perfusion on one hand, 
and preventing the high blood pressure-caused 
rebleeding on the other hand, our group per-
formed the ICP and MAP monitoring towards all 
the patients, controlled MAP within 70~105 
mmHg, and among the 96 cases, 8 patients 
occurred the rebleeding, among who the blood 
pressures of 3 cases were well controlled, and 
the related-reason analysis revealed that, 
among the 2 cases of the CHD group, 1 case 
was related with the non-thorough hemostasis, 
and the other case was related with the coagu-
lation defects; and 1 case of the HCDD group 
was related with the inaccurate puncture site; 
the rest 5 cases were all refractory hyperten-
sion, so that the blood pressure could not be 
controlled within the above range.

The HIH patients with hematoma volume >50 
ml should choose the craniotomy, and the post-

operative blood pressure should be controlled 
at the range of MAP 70~105 mmHg.
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