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Abstract: Objective: To evaluate the clinical efficacy of minimally invasive removal of intracranial hematoma (MIR-
ICH) in the treatment of patients with hypertensive intracranial hemorrhage (HICH) and its effect on brain nerve
function and body inflammation index. Methods: This retrospective study involved 150 HICH patients treated at
Shanghai Blue Cross Brain Hospital from January 2019 to March 2024. Patients were assigned into two groups
according to the surgical approach they received: the control group (n = 75), treated with traditional craniotomy,
and the observation group (n = 75), treated with MIRICH. The two groups were compared in terms of operative
parameters, hematoma clearance rate, clinical efficacy, neurological function recovery, inflammatory markers, and
postoperative complications. Risk factors affecting clinical efficacy were also analyzed. Results: Compared to the
control group, the observation group had significantly shorter operation and hospitalization times, less intraopera-
tive blood loss, and a higher hematoma clearance rate (P < 0.05). The total effective rate was significantly higher
in observation group than that in control group (94.67% vs. 84.00%; x? = 4.478, P = 0.034). Three months after
operation, compared to the control group, the neurological deficit score and NIH Stroke Assessment Scale (NIHSS)
scale score were significantly lower in the observation group. The Activity of Daily Living Scale (ADL) scale score was
significantly higher in the observation group. Serum levels of tumor necrosis factor-o (TNF-&), interleukin-6 (IL-6) and
high sensitivity C-reactive protein (hs-CRP) were significantly lower in the observation group (P < 0.05). The mean
velocity (Vm), peak systolic velocity (PSV) and pulsatility index (Pl) in the observation group were significantly higher
(P < 0.05). The cognitive function score of observation group was significantly higher than that of control group
(24.65+3.13 vs. 18.43+2.76; t = 12.919, P < 0.05). The incidence of postoperative complications was 12.00%
in the observation group and 17.33% in the control group, with no significant difference (P > 0.05). Multivariate
Logistic regression analysis identified age, surgical method, and operation time as significant risk factors affecting
clinical efficacy. Conclusion: MIRICH surgery can improve the hematoma clearance rate in HICH patients, with better
clinical efficacy, and less trauma. Additionally, it promotes neurological function recovery, improves the prognosis
and living ability of patients, and reduces the level of serum inflammatory factors. It is a promising treatment option
worthy of wider adoption.
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Introduction incidence of HICH is rising annually, drawing sig-
nificant attention from various sectors [2]. HICH
can severely impair brain nerve function and

cause brain tissue edema, necessitating pro-

Hypertensive intracranial hemorrhage (HICH) is
a severe cerebrovascular disease caused by

long-term hypertension, leading to pathological
changes in the small arteries of the brain, such
as degeneration, necrosis, and ischemia [1]. It
primarily affects middle-aged and elderly indi-
viduals, typically between 50 and 70 years old.
With the aggravation of aging population, the

mpt treatment.

In the clinical management of HICH, treatment
options include not only intracranial hematoma
removal surgery but also medical interventions,
such as dehydration to reduce intracranial pres-
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A retrospective analysis was performed on
183 patients with HICH

increasing patient survival ra-
tes, promoting neurological

Excluded (n = 33)

‘4 cases aged <18 years old

-3 cases of incomplete data

-2 cases with malignant tumor
-4 cases with severe organic
lesions

-6 cases of cerebralhemorrhage
caused by brain trauma

-3 cases with cardiovascular

disease

-6 cases combined with
autoimmune diseases and
systemic inflammatory diseases
-2 cases of severe mental illness
-3 cases had previous
craniocerebral surgery

function recovery, reducing
complications, and improving
prognosis. In clinical practice,
MIRICH is regarded as a fea-
sible and safe minimally inva-
sive treatment for large basal
ganglia hemorrhage. This me-
thod also enables hospitals
with only CT machines to treat
basal ganglia cerebral hemor-
rhages. However, HICH is as-
sociated with high disability
rates, mortality, and severe
complications. Therefore, the
clinical efficacy, impact on ne-

150 patients with HICH

Group according to the random number table method

urological function, and safety
of conical skull MIRICH sur-
gery in HICH patients require
further exploration to confirm.
This study aims to evaluate
the therapeutic value of MiI-
RICH in the treatment of HICH.

Objects and methods

Control group (n=75):
traditional craniotomy

Observationgroup (n=75):
Cone cranial MPST

Research object

A retrospective analysis was

Figure 1. Patient screening flow chart. HICH: Hypertensive Intracranial Hem-
orrhage; MPST: Minimally Invasive Removal of Intracranial Hematoma.

sure and cerebral edema, adjust blood pres-
sure, prevent continued bleeding, and protect
nerve function to promote recovery, along with
intensive care to prevent complications. Alth-
ough traditional craniotomy for hematoma re-
moval is effective, it has drawbacks, such as
significant surgical trauma and slow patient
recovery, which limit its wide use in clinical
practice [3].

In contrast, minimally invasive removal of intra-
cranial hematoma (MIRICH) is a surgical tech-
nique developed based on the principles of
minimally invasive medicine. It enters the brain
through a small incision or drilling, using spe-
cialized surgical instruments to remove hema-
toma and relieve the space-occupying effect,
thereby minimizing damage to brain tissue [4].
This technique has shown positive outcomes in
treating cerebral hemorrhage by significantly
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conducted on 150 HICH pa-
tients who were treated at
Shanghai Blue Cross Brain
Hospital from January 2019
to March 2024. This study was approved by the
Ethics Committee of Shanghai Blue Cross Brain
Hospital. The patient screening process is
shown in Figure 1.

Inclusion criteria [5]: (1) Patients with cerebral
hemorrhage confirmed by computed tomogra-
phy (CT) and a clear history of hypertension; (2)
Patients who met the surgical indications and
received surgical treatment within 24 hours of
onset, with a bleeding volume between 20-40
mL; (3) Patients without cerebral hernia.

Exclusion criteria: (1) Patients with severe or-
ganic lesions; (2) Patients with tumor; (3) Pa-
tients with cerebral hemorrhage caused by
other factors (e.g., traumatic brain injury); (4)
Patients with severe mental disorders, autoim-
mune diseases, etc.; (5) Patients who had pre-
viously undergone brain surgery.
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Methods

Grouping method: According to the treatment
method, the patients were divided into a con-
trol group (n = 75) and an observation group (n
=T75).

Operative method: The control group was treat-
ed with traditional craniotomy. The location of
the hematoma was determined using head CT,
and the surgical incision was designed accord-
ingly. After general anesthesia and tracheal in-
tubation, a scalp incision was made, the perios-
teum was separated, and the skull was fully
exposed. A drill was used to create a bone win-
dow (2.5 cm x 3.0 cm), and the window was ex-
panded using bite forceps as needed to expose
the dura mater. The hematoma was then aspi-
rated using a micro-aspirator, and the hemato-
ma cavity was treated and hemostasis achi-
eved. A catheter was placed for drainage, and
the drainage tube was removed 3-5 days po-
st-surgery.

The observation group was treated with skull
MIRICH. The hematoma focus was accurately
located using head CT. After local anesthesia,
routine disinfection, and positioning, an approx-
imately 3 cm incision was made. A drill was
used to create a small hole in the skull, and a
milling cutter was used to form the bone flap. A
puncture needle was inserted into the hemato-
ma cavity. Once successful, the inner core of
the cannula was removed, and the hematoma
was evacuated under endoscopic monitoring.
The hematoma cavity was then rinsed with nor-
mal saline, and a drainage tube was placed.

Data collection

Standardized data collection methods were
employed, with data extracted by two indepen-
dent researchers to ensure consistency and
accuracy.

Data on general information, perioperative ba-
sic indicators, clinical efficacy, neurological fun-
ction, inflammatory markers, hemodynamic in-
dicators, cognitive function, and postoperative
complications were collected. Additionally, risk
factors affecting the clinical efficacy of HICH
were analyzed.

(1) General information. Age, gender, degree
of coma, bleeding site, pupil response, and GI-
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asgow Coma Scale (GCS) score were record-
ed.

(2) Perioperative basic indicators. The opera-
tion time, hospitalization time, intraoperative
blood loss, and hematoma clearance rate were
compared between the two groups. Hematoma
clearance rate = (preoperative hematoma vol-
ume-postoperative hematoma volume)/preop-
erative hematoma volume x 100%.

(3) Efficacy evaluation. Evaluation criteria [6]:
Recovery: Disability grade 0, with a 91-100%
decrease in preoperative neurological deficit
score; Markedly effective: Disability grade 1-3,
with a 46-90% decrease in neurological deficit
score. Improvement: An 18-45% decrease in
the neurological deficit score compared to pre-
operative values. Ineffective: A decrease in the
neurological deficit score of < 17% compared to
preoperative levels. Total effective rate = (basic
recovery + significant progress + progress)/
total number of cases x 100%.

(4) Neurological function evaluation. The neuro-
logical deficit score, Activity of Daily Living Sc-
ale (ADL) [7], and NIH Stroke Assessment Scale
(NIHSS) [8] were used to assess functional
recovery before surgery and 3 months post-sur-
gery. The ADL scale, with a total score of 100
points, assesses walking, transfer, and other
items, with higher scores indicating better inde-
pendent living ability. The NIHSS scale, with a
total score of 42 points, assesses sensory,
motor, and consciousness items, with lower sc-
ores indicating less pronounced neurological
deficits.

(5) Evaluation of inflammatory factor levels. The
levels of tumor necrosis factor-o (TNF-a), inter-
leukin-6 (IL-6), and high-sensitivity C-reactive
protein (hs-CRP) were compared between the
two groups. Detection method: 3 mL of fasting
venous blood was collected from patients be-
fore and 3 months after surgery. After centrifu-
gation at 3000 rpm for 10 minutes, the super-
natant was stored at -20°C for testing. TNF-a
was detected by radioimmunoassay (Ruier
Biotechnology Co., Ltd.), IL-6 by enzyme-linked
immunosorbent assay (Shanghai Hengyuan
Biochemical Reagent Co., Ltd.), and hs-CRP
by latex-enhanced immunoturbidimetric assay
(Shanghai Fuxing Changzheng Medical Com-
pany).
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Table 1. Comparison of baseline data between the two groups of HICH patients

Index Observation group (n = 75)  Control group (n = 75) X/t P
Age/years 62.36+3.24 62.19+3.28 0.326 0.745
Gender 0.243 0.622
Male 43 (57.33) 40 (53.33)
Female 32 (42.67) 35 (46.67)
Coma degree 0.269 0.874
Shallow coma 25 (33.33) 24 (32.00)
Moderate coma 27 (36.00) 30 (40.00)
Deep coma 23 (30.67) 21 (28.00)
Bleeding part 0.108 0.743
Cerebral lobes 33 (44.00) 35 (46.67)
Basal nuclei 42 (56.00) 40 (53.33)
Pupil situation 0.167 0.683
Unilateral pupil enlargement 61 (81.33) 59 (78.67)
Bilateral pupil dilation 14 (18.67) 16 (21.33)
GCS score 0.139 0.933
> 12 21 (28.00) 19 (25.33)
8-11 34 (45.33) 35 (46.67)
<8 20 (26.67) 21 (28.00)

Note: GCS, Glasgow Coma Scale; HICH, Hypertensive Intracranial Hemorrhage.

(6) Hemodynamic evaluation. A blood flow ana-
lyzer (model EMS-9WA, Delikai) was used to
monitor hemodynamic indicators before sur-
gery and 3 months post-surgery. These includ-
ed mean velocity (Vm), peak systolic velocity
(PSV), and pulsatility index (PI), with three mea-
surements taken for each parameter.

(7) Cognitive function evaluation. Cognitive fun-
ction was assessed before surgery and 3 mo-
nths after surgery using the Montreal Cognitive
Assessment (MoCA). The scale includes as-
sessments of orientation, memory, calculation,
attention, and language ability, with a total sc-
ore ranging from O to 30 points. Higher scores
indicate better cognitive function.

(8) Evaluation of postoperative complications.
Postoperative complications were monitored,
including intracranial infection, pulmonary in-
fection, lower extremity venous thrombosis,
and postoperative secondary bleeding.

(9) Multivariate analysis. Based on the effects
of surgical treatment, patients were divided
into two groups. The effects of age, gender, sur-
gical method, operation time, and intraopera-
tive blood loss on treatment outcomes were
analyzed.
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Statistical analysis

SPSS 27.0 statistical software was used for
data analysis. Chi-square test (x?) was used to
compare the distribution of categorical data (n,
%) between the two groups. The measurement
data were presented as mean #* standard devi-
ation (SD), and comparisons were made using
the t-test. Multivariate Logistic regression anal-
ysis was conducted to identify the risk factors
affecting the clinical efficacy of MIRICH in the
treatment of HICH. P < 0.05 was considered
statistically significant.

Results

Comparison of general data between the two
groups

There were no significant differences in age,
sex, degree of coma, or other baseline charac-
teristics between the two groups (all P > 0.05),
indicating comparability, as shown in Table 1.

Comparison of surgical indicators between the
two groups

Compared to the control group, the observation
group had significantly shorter operation time
and hospitalization times, less intraoperative
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Table 2. Comparison of surgical indicators between the two groups of HICH patients

Group Operation time (min)

Hospitalization Intraoperative blood Hematoma clearance
time (d) loss (mL) rate (%)

Observation group (n = 75) 74.34+11.36
Control group (n = 75) 102.43+18.53
X/t 11.192
P <0.001

14.32+2.98

19.56+£3.72
9.523 27461 8.708
< 0.001 <0.001 <0.001

80.41+£5.38
70.95+7.71

63.22+9.34
115.25+13.49

100

P<0.05
80
Invalid

Progress

60+ Significantly
effective
Recovery

Number of cases

20

0 T T

Observation group Control group

Figure 2. Comparison of clinical efficacy between the
two groups.

blood loss, and a higher hematoma clearance
rate (all P < 0.05). See Table 2.

Comparison of clinical efficacy between the
two groups

The total effective rate was 94.67% in observa-
tion group, significantly higher than 84.00% in
control group (x> = 4.478, P = 0.034). See
Figure 2.

Comparison of neurological function between
the two groups

Before operation, there were no significant dif-
ferences in neurological deficit score, ADL, or
NIHSS scale scores between the two groups
(all P> 0.05). Three months after operation, the
neurological deficit score and NIHSS score in
the observation group were significantly lower
than those in the control group, while the ADL
score was significantly higher (all P < 0.05). See
Table 3.

Comparison of inflammatory factor levels
between the two groups

Before operation, there were no significant dif-
ferences in the levels of inflammatory factors
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between observation group and control group
(P > 0.05). Three months after operation, the
serum levels of TNF-«, IL-6 and hs-CRP were
significantly lower in the observation group
than those in the control group (all P < 0.05).
See Table 4.

Comparison of hemodynamic parameters
between the two groups

There were no significant differences in Vm,
PSV, or Pl between the two groups before oper-
ation (all P > 0.05). Three months after opera-
tion, Vm, PSV and Pl increased in both groups,
with the observation group showing significant-
ly higher values than the control group (all P <
0.05). See Table 5.

Comparison of cognitive function score be-
tween the two groups

Before surgery, the cognitive function score of
patients in the observation group was 11.88+
1.98 points, and that in the control group was
11.61+1.89 points (t = 0.843, P > 0.05). Three
months after operation, the cognitive function
score of the observation group was 24.65+3.13
points, significantly higher than 18.43+2.76
points in the control group (t = 12.919, P <
0.05). See Figure 3.

Comparison of postoperative complications
between the two groups

During the postoperative observation period,
the total incidence of complications was
12.00% in the observation group and 17.33%
in the control group. Although the observation
group had fewer complications, there was no
significant difference in the total incidence of
postoperative complications between the two
groups (P > 0.05). See Table 6.

Multivariate Logistic regression analysis of fac-
tors affecting the clinical efficacy of HICH

Based on the surgical treatment effect, the
150 patients were divided into a recovery gr-
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Table 3. Comparison of neurological function between the two groups of HICH patients before and
after treatment

Neurological deficit score/point ADL score/point NIHSS score/point
Group Before 3 months Before 3 months Before 3 months after
operation after operation operation after operation operation operation
Observation group (n = 75) 24.64+4.28 13.45+1.67 42.52+5.38 69.36+6.25 24.85+3.64 11.43+1.21
Control group (n = 75) 25.57+4.32 19.12+2.25 42.4145.27 56.31+5.68 25.11+3.53 14.25+2.17
t 1.329 17.521 0.123 13.394 0.433 9.856
P 0.186 < 0.001 0.903 <0.001 0.666 <0.001

Note: ADL, Activity of Daily Living Scale; NIHSS, NIH Stroke Assessment Scale.

Table 4. Comparison of inflammatory factors between the two groups of HICH patients before and
after treatment

TNF-o (ug/L) IL-6 (ng/L) hs-CRP (mg/L)
Group Before 3 months Before 3 months Before 3 months
operation after operation operation after operation operation after operation
Observation group (n = 75) 63.27+4.72 41.44+3.56 45.68+4.83 14.35+2.74 15.86+3.55 7.43+2.28

Control group (n = 75) 63.16+4.68  56.30+3.87 45.22+4.64  30.14+3.52 15.75+3.63 11.34+2.86
t 0.144 24.495 0.595 30.652 0.198 9.251
P 0.886 <0.001 0.553 <0.001 0.843 <0.001

Note: TNF-a, tumor necrosis factor-o; IL-6, interleukin-6; hs-CRP, high sensitivity c-reactive protein.

Table 5. Comparison of hemodynamic parameters between the two groups of HICH patients before
and after treatment

Vm (cm/s) PSV (cm/s) Pl

Group Before 3 months Before 3 months Before 3 months
operation after operation operation after operation operation after operation

Observation group (n = 75) 52.67+5.27 72.64+6.78 66.55+6.48  83.92+6.67 1.17+0.13 2.84+0.22

Control group (n = 75) 52.84+5.46 65.21+5.87 66.19+6.54 80.22+7.14 1.19+0.13 1.75+0.18
t 0.204 7178 0.342 3.280 1.006 33.129
P 0.839 <0.001 0.733 0.001 0.316 <0.001

Note: Vm, mean velocity; PSV, peak systolic velocity; PI, pulsitility index.

P<0.05 oup (39 cases) and a non-re-

Observation group covery group (111 cases). Un-

ivariate analysis showed sig-

nificant differences in age, sur-

- Sondol group gical method, and operation

P>0.05 time between the recovery

group and the non-recovery

group (all P < 0.05). See Table
10 - 7.

30

With recovery (yes =0, no = 1)
as the dependent variable,
0 T T and age, surgical method, and
operation time as indepen-
dent variables, multivariate
Figure 3. Comparison of cognitive function scores between the two groups. Logistic regression model was

Cogpnitive function score ( points )

Before operation 3 months after operation
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Table 6. Comparison of total incidence of postoperative complications between the two groups of

patients
Group Iqtracrgnial P.ulmor1ary Lower extremity. Postoperative. Total rate
infection infection venous thrombosis  secondary bleeding
Observation group 75 3(4.00) 2(2.67) 2 (2.67) 2 (2.66) 9 (12.00)
Control group 75 4 (5.44) 3(4.00) 3(4.00) 3(4.00) 13 (17.33)
Z/x? -0.104 3.888
P 0.917 0.049
Table 7. Single factor analysis
Index Healing group (n =39)  Unhealed group (n = 111) t/x? P
Age/years 62.10+2.95 63.92+2.99 3.275 <0.001
Gender 0.350 0.554
Male 20 (51.28) 63 (56.76)
Female 19 (48.72) 48 (43.24)
Coma degree 3.278 0.194
Shallow coma 17 (43.59) 32 (28.83)
Moderate coma 11 (28.21) 46 (41.44)
Deep coma 11 (28.20) 33(29.73)
Bleeding part 0.065 0.799
Basal nuclei 22 (56.41) 60 (54.05)
Cerebral lobes 17 (43.59) 51 (45.95)
Pupil situation 0.139 0.710
Unilateral pupil enlargement 32 (82.05) 88 (79.28)
Bilateral pupil dilation 7 (17.95) 23(20.72)
GCS score 0.755 0.686
>12 14 (35.89) 32(28.83)
811 16 (41.03) 53 (47.75)
<8 9 (23.08) 26 (23.42)
Modus operandi 11.294 <0.001
Traditional craniotomy 16 (41.03) 79 (71.17)
Cone cranial MPST 23 (58.97) 32 (28.83)
Operation time 78.41+11.28 89.18+20.84 4.021 <0.001
Intraoperative blood loss 85.66+27.08 90.49+29.06 0.907 0.366

Note: GCS, Glasgow Coma Scale; MPST, Minimally Invasive Removal of Intracranial Hematoma.

Table 8. Multivariate Logistic regression analysis

danger indexes B S.E. Wald x? P OR (95% ClI)
Age 0.192 0.071 7.239 0.007 1.212 (1.054-1.394)
Modus operandi 1.332 0.418 10.165 0.001 3.789 (1.671-8.592)
Operation time 0.033 0.013 6.488 0.011 1.034 (1.008-1.060)
used to analyze their impact on the therapeutic Discussions

effect. The results indicated that age, surgical
method, and operation time were significant
risk factors affecting the clinical efficacy of
HICH (P < 0.05). See Table 8.
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In recent years, the incidence of hypertension
has steadily increased, leading to a rise in the
occurrence of hypertensive cerebral hemor-
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rhage (HICH) [9]. Cerebral hemorrhage in cere-
bral lobes and basal ganglia is common in HICH
[10]. Most HICH cases result from long-term
high blood pressure, which causes atheroscle-
rosis in the small arteries of the brain. This
leads to a weakening of blood vessel walls.
Factors such as limited expansion of small
aneurysms, fatigue, emotional changes, and
blood pressure surges can cause these aneu-
rysms to rupture and result in bleeding [11, 12].
Currently, the clinical treatment of HICH primar-
ily focuses on reducing intracranial pressure,
alleviating edema, and preventing cerebral her-
niation. Therefore, the main treatment strategy
is to remove intracranial hematomas and
reduce inflammatory response.

At present, according to the treatment guide-
lines of HICH both domestically and interna-
tionally, surgical treatment is not routinely rec-
ommended [13-15]. This is particularly true for
patients with cerebral hemorrhage in the basal
ganglia, where the decision to choose surgery
and the type of surgery to perform remains
unclear. However, with the continuous advance-
ment of medical imaging technology, surgical
treatment for patients with cerebral hemor-
rhage has gained broader acceptance and rec-
ognition [16]. Despite this, the choice of the
optimal treatment remains a challenging issue
for clinicians. Traditional craniotomy hematoma
removal is a classic method for treating HICH,
effectively removing the hematoma and improv-
ing neurological symptoms. However, it is asso-
ciated with significant trauma and a higher inci-
dence of complications [17, 18]. In recent ye-
ars, many reports suggest that patients with
cerebral hemorrhage treated with minimally
invasive hematoma removal can achieve better
prognosis [19, 20]. MIRICH surgery has the
advantages of less trauma, faster postopera-
tive recovery, and fewer complications. Direct
vision during surgery not only ensures effective
hematoma removal but also prevents exces-
sive traction that could worsen brain tissue da-
mage. Studies have shown that for HICH in the
basal ganglia, MIRICH surgery significantly im-
proves hematoma clearance rate, reduces in-
traoperative bleeding and postoperative brain
tissue edema, and enhances surgical out-
comes [21]. The results of this study showed
that compared with control group, patients in
observation group had shorter operation time
and hospital stay, and less intraoperative blood
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loss. The reason is that the cone skull MIRICH
surgery is faster, uses a smaller surgical inci-
sion, is less invasive, and causes less tissue
damage, leading to reduced intraoperative
blood loss and a lower risk of complications,
along with a quicker postoperative recovery. In
addition, hematoma clearance rate is one of
the most intuitive indicators for evaluating the
effectiveness of surgical treatment [22]. In this
study, the hematoma clearance rate in the
observation group was 80.41+5.38%, and the
total effective rate was 94.67%, both signifi-
cantly higher than those in the control group
(70.95+7.71%; 84.00%). The difference in treat-
ment outcomes between the two groups can be
attributed to the ability of MIRICH surgery to
more accurately locate and remove the hema-
toma, thereby reducing the postoperative he-
matoma volume. This method is safer and more
reliable, and it improves the overall efficacy of
the treatment. Thanks to the clear surgical field
of vision that MIRICH provides, deep hemato-
mas can be completely removed, leading to
better clinical outcomes [23].

The neurological deficit score usually includes
assessments of the patient’'s level of con-
sciousness, motor function, sensory function,
language function, and other relevant parame-
ters. The ADL (Activity of Daily Living) scale ser-
ves as a reference for evaluating a patient’s
ability to perform daily activities such as eating,
bathing, and dressing, which is crucial for as-
sessing the prognosis and recovery of HICH
patients. The higher the ADL scale score, the
greater the patient’s self-care ability [24]. The
NIHSS scale is widely used to evaluate the neu-
rological function in stroke patients and is also
the most common reference index to evaluate
the degree of neurological impairment in pa-
tients with cerebral hemorrhage [25]. NIHSS
can directly reflect the level of brain nerve func-
tion in patients with HICH after surgical treat-
ment, incorporating scores of consciousness,
eye movement, facial paralysis, limb move-
ment, language, and sensation. The higher the
total score, the more serious the neurological
impairment [26]. In this study, the neurological
deficit score and NIHSS scale score in the
observation group were significantly lower than
those in the control group three months post-
surgery, indicating that MIRICH surgery led to
better recovery of neurological function. This
may be attributed to the minimally invasive
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nature of skull surgery, which involves a smaller
incision, resulting in reduced brain tissue dam-
age and promoting faster neurological recov-
ery. Additionally, the ADL score for the observa-
tion group was significantly higher than that for
the control group, indicating that patients un-
dergoing minimally invasive surgery had better
self-care abilities and improved quality of life.
These findings further emphasize the advan-
tages of minimally invasive surgery in enhanc-
ing patients’ daily living activities and overall
recovery. Studies have shown that, compared
with small bone window craniotomy and micro-
surgery, neuroendoscopic surgery for paroxys-
mal hypertensive intracerebral hemorrhage
leads to higher hematoma clearance rate, less
intraoperative bleeding, shorter operation time,
fewer hospitalization days, lower incidence of
postoperative complications, lower NIHSS sco-
re and higher ADL score three months after sur-
gery [27]. This finding of study is basically con-
sistent with the above research.

Inflammatory factors such as TNF-a, IL-6 and
hs-CRP play an important role in the occur-
rence, development, and prognosis of HICH.
These factors are involved in the formation of
cerebral hemorrhage and are significant in a
series of inflammatory reactions and prognosis
after cerebral hemorrhage [28]. After intracere-
bral hemorrhage, rapid inflammatory cascades
occur in the tissues surrounding the hemato-
ma, including the activation of microglia and
astrocytes, and the infiltration of white blood
cells [29]. These cells will release pro-inflam-
matory cytokines such as TNF-a and IL-6 after
activation, which can further amplify the inflam-
matory response [30, 31]. Studies have shown
that the levels of serum hs-CRP and IL-6 in
patients with cerebral hemorrhage are closely
related to the amount of cerebral hemorrhage
and neurological impairment [32]. These in-
flammatory markers can serve as key indica-
tors for diagnosing the severity of cerebral
hemorrhage and predicting patient prognosis.
Elevated levels of inflammatory biomarkers are
associated with poor prognosis, including high-
er in-hospital mortality. The results of this study
showed that the levels of serum TNF-¢, IL-6 and
hs-CRP in the observation group decreased sig-
nificantly three months after surgery and were
significantly lower than those in the control
group. This indicates that conical skull MIRICH
surgery may be more effective in reducing the
level of inflammation-related biomarkers. MI-
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RICH surgery plays a key role in reducing the
body’s inflammatory response and the levels of
inflammatory factors by reducing surgical trau-
ma and faster postoperative recovery [33]. The
effectiveness of MIRICH surgery is also reflect-
ed in its promotion of neurological function
recovery. By reducing the level of inflammatory
factors, MIRICH surgery may provide a more
favorable environment for recovery, which is
helpful to improving the neurological function
and quality of life of patients [34]. This was evi-
denced in the improvement of neurological
function scores in the study. The neurological
function score of the observation group was
significantly decreased, indicating better recov-
ery. Zhang et al. [35] showed that compared
with craniotomy, minimally invasive surgery was
more effective in the treatment of hypertensive
cerebral hemorrhage, which was more condu-
cive to the recovery of neurological function,
improvement of prognosis and reduction of
serum inflammatory factors.

As key cerebral hemodynamic parameters, Vm,
PSV and Pl are essential for evaluating changes
in the cerebral vascular wall [36]. This study
showed that, three months after surgery, the
hemodynamic parameters (Vm, PSV and PI) in
the observation group were significantly im-
proved compared to those in the control group.
This reflects the advantages of MPST surgery in
improving the efficiency of hematoma removal,
thereby improving the hemodynamic status of
patients. For HICH patients, brain tissue com-
pression, vasculopathy and cerebral hemato-
ma are common factors leading to abnormal
cerebral hemodynamics. These abnormalities
are typically characterized by decreases in Vm,
PSV and PI, indicating that MPST surgery helps
restore cerebral blood supply by reducing vas-
cular compression. The resulting increase in
cerebral blood flow creates a favorable environ-
ment for the recovery of damaged neurological
function, which is a key reason why MPST sur-
gery accelerates the recovery of neurological
function in patients [37]. Therefore, in this
study, the cognitive function score in observa-
tion group was significantly better than that in
control group. This result reveals the significant
effect of MPST surgery in improving cerebral
hemodynamics and promoting neurological re-
covery. In addition, during the postoperative
observation period, the total incidence of post-
operative complications was 12.00% in the
observation group and 17.33% in the control
group. The incidence of postoperative compli-
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cations in the observation group was lower
than that in the control group, indicating that
conical skull MIRICH surgery can reduce the
incidence of postoperative complications.

To identify factors affecting the clinical efficacy
of HICH, this study divided patients into a recov-
ery group (39 cases) and a non-recovery group
(111 cases) according to the effect of surgical
treatment. With recovery (yes = 0, no = 1) as
the dependent variable and age, surgical meth-
od, and operation time as independent vari-
ables, a multivariate Logistic regression model
was used to analyze their influence on thera-
peutic effect. The results showed that age, sur-
gical method and operation time were signifi-
cant risk factors affecting the clinical efficacy
of MPS in the treatment of HICH. As age in-
creases, physiological function changes, includ-
ing a decline in immune function and metabo-
lism, which may influence postoperative recov-
ery and treatment outcomes. Older patients
may also have poor tolerance to surgery due to
decreased physiological reserves, increasing
the risk of surgery [38]. Therefore, treatment
plans should be adjusted according to the pa-
tient’s age and other relevant factors to achieve
optimal outcomes. The choice of surgical meth-
od also significantly affects treatment efficacy.
Some studies [39, 40] have shown that surgical
methods selection influences patient recovery
and outcomes. For example, traditional crani-
otomy exposes brain tissue by cutting the skull
and scalp, providing an open surgical field but
resulting in large trauma. In contrast, minimally
invasive surgery, performed through a small
incision or a natural cavity, has less trauma,
faster postoperative recovery, and fewer com-
plications. In many cases, it may yield better
efficacy than traditional craniotomy. However,
the choice of surgical methods should be deter-
mined by professional doctors according to the
specific conditions of patients and the charac-
teristics of lesions. The length of operation
time may also affect the therapeutic effect.
Prolonged operation times can lead to various
adverse events, increasing the risk of surgical
failure, escalating health care costs, and even
threatening the patient’s life [41]. There is a
certain correlation between the prolonged op-
eration time and the increased risk of postop-
erative complications [42]. Therefore, efforts
should be made to minimize the operation time
to reduce the physiological burden on patients
and lower the risk of postoperative complica-
tions.
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The limitation of this study include the fact that
all samples were sourced from a single center,
and the relatively small sample size may intro-
duce bias in the results. Future studies should
aim to expand the sample size for further vali-
dation to reduce potential errors. The study pa-
rticipants were all middle-aged and elderly peo-
ple, whose physical condition may have been
relatively poor. Some patients experienced a
prolonged recovery period after surgery, and
future studies could benefit from extended fol-
low-up periods. With the development of mini-
mally invasive and endoscopic techniques, co-
nical skull MIRICH surgery is expected to be-
come more widely used in clinical practice, and
prospective randomized controlled trials are
needed to confirm its effectiveness.

In conclusion, a comprehensive analysis indi-
cates that compared with traditional cranioto-
my, MIRICH surgery can improve the hematoma
clearance rate in HICH patients, with better
clinical efficacy and less trauma, which is con-
ducive to the recovery of neurological function
and patient prognosis. It also reduces the level
of serum inflammatory factors, which is worthy
of further promotion.

Disclosure of conflict of interest
None.

Address correspondence to: Haidong Zhu, Depart-
ment of NICU, Shanghai Blue Cross Brain Hospital,
No. 2880, Qizi Road, Minhang District, Shanghai
201101, China. Tel: +86-021-64879999; E-mail:
zhhd20000@163.com

References

[1] AiM, Zhang H, Feng J, Chen H, LiuD, LiC, Yu F
and Li C. Research advances in predicting the
expansion of hypertensive intracerebral hem-
orrhage based on CT images: an overview.
Peer) 2024; 12: e17556.

[2] LiCX, LiL, Zhang JF, Zhang QH, Jin XH and Cai
GJ. Tripartite intensive intervention for preven-
tion of rebleeding in elderly patients with hy-
pertensive cerebral hemorrhage. World J Clin
Cases 2021; 9: 10106-10115.

[3] Xu X, Chen X, Li F, Zheng X, Wang Q, Sun G,
Zhang J and Xu B. Effectiveness of endoscopic
surgery for supratentorial hypertensive intra-
cerebral hemorrhage: a comparison with crani-
otomy. J Neurosurg 2018; 128: 553-559.

[4] Baker TS, Kellner CP, Colbourne F, Rincon F,
Kollmar R, Badjatia N, Dangayach N, Mocco J,
Selim MH, Lyden P, Polderman K and Mayer S.

Am J Transl Res 2025;17(2):1510-1521


mailto:zhhd20000@163.com

(5]

(6]

[7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

MIRICH in the treatment of patients with HICH

Consensus recommendations on therapeutic
hypothermia after minimally invasive intrace-
rebral hemorrhage evacuation from the hypo-
thermia for intracerebral hemorrhage (HI-
CH) working group. Front Neurol 2022; 13:
859894.

Deng C, Ji Y, Song W and Bi J. Clinical effect of
minimally invasive aspiration and drainage of
intracranial hematoma in the treatment of ce-
rebral hemorrhage. Pak J Med Sci 2022; 38:
95-99.

Xu L, Lu X, Zhang C and Wang W. Clinical effi-
cacy of neuroendoscopy combined with intra-
cranial pressure monitoring for the treatment
of hypertensive intracerebral hemorrhage.
World Neurosurg 2024; 187: e210-e219.

Jing S, Zhang L and Xu L. Analysis of effect of
minimally invasive fourth-ventricle hematoma
removal for patients with intraventricular hem-
orrhage casting and influence of feedback
early rehabilitation on postoperative neurologi-
cal function. Altern Ther Health Med 2024; 30:
164-169.

Du J, Wang Y, Che B, Miao M, Bao A, Peng Y, Ju
Z, Xu T, He J, Zhang Y and Zhong C. The rela-
tionship between neurological function trajec-
tory, assessed by repeated NIHSS measure-
ment, and long-term cardiovascular events,
recurrent stroke, and mortality after ischemic
stroke. Int J Stroke 2023; 18: 1005-1014.
Webb AJS and Werring DJ. New insights into
cerebrovascular pathophysiology and hyper-
tension. Stroke 2022; 53: 1054-1064.

Wang G, Chen X, Meng L, Liu Y, Dai Y and Wang
W. The application effect of craniotomy through
transsylvian rolandic point-insular approach
on hypertensive intracerebral hemorrhage in
posterior basal ganglia. Behav Neurol 2023;
2023: 2266691.

Magid-Bernstein J, Girard R, Polster S, Srinath
A, Romanos S, Awad IA and Sansing LH. Cere-
bral hemorrhage: pathophysiology, treatment,
and future directions. Circ Res 2022; 130:
1204-1229.

Hostettler IC, Seiffge DJ and Werring DJ. Intra-
cerebral hemorrhage: an update on diagnosis
and treatment. Expert Rev Neurother 2019;
19: 679-694.

CaoY,YusS, Zhang Q, Yu T, Liu Y, Sun Z, Zhao
M, Wang W and Zhao JZ; Chinese Stroke As-
sociation Stroke Council Guideline. Chinese
stroke association guidelines for clinical man-
agement of cerebrovascular disorders: execu-
tive summary and 2019 update of clinical
management of intracerebral haemorrhage.
Stroke Vasc Neurol 2020; 5: 396-402.
Hemphill JC 3rd, Greenberg SM, Anderson CS,
Becker K, Bendok BR, Cushman M, Fung GL,
Goldstein JN, Macdonald RL, Mitchell PH,

1520

[15]

(16]

(19]

[20]

(21]

[22]

Scott PA, Selim MH and Woo D; American
Heart Association Stroke Council; Council on
Cardiovascular and Stroke Nursing; Council on
Clinical Cardiology. Guidelines for the manage-
ment of spontaneous intracerebral hemor-
rhage: a guideline for healthcare professionals
from the american heart association/ameri-
can stroke association. Stroke 2015; 46:
2032-60.

Steiner T, Al-Shahi Salman R, Beer R, Chris-
tensen H, Cordonnier C, Csiba L, Forsting M,
Harnof S, Klijn CJ, Krieger D, Mendelow AD,
Molina C, Montaner J, Overgaard K, Petersson
J, Roine RO, Schmutzhard E, Schwerdtfeger K,
Stapf C, Tatlisumak T, Thomas BM, Toni D, Un-
terberg A and Wagner M; European Stroke
Organisation. European Stroke Organisation
(ESO) guidelines for the management of spon-
taneous intracerebral hemorrhage. Int J Stroke
2014; 9: 840-55.

Chinese Congress of Neurological Surgeons of
Chinese Medical Doctor Association; Neuro-
surgery Branch of the Chinese Medical Asso-
ciation; Intracerebral Hemorrhage Minimally
Invasive Surgical Treatment Branch of the Chi-
nese Stroke Association; Stroke Branch of the
Chongging Medical Association. Chinese ex-
pert consensus on surgical treatment of hyper-
tensive intracerebral hemorrhage based on
parafascicular approach (2024 edition). Zhon-
ghua Yi Xue Za Zhi 2024; 104: 3096-3109.
Bowman KM and Ahmed AS. Surgical indica-
tions and options for hypertensive hemorrhag-
es. Neurol Clin 2022; 40: 337-353.

Wang A, Sun Z, Zhang W, He H and Wang F.
Efficacy and safety of endoscopic surgery ver-
sus craniotomy for hypertensive putamen
hemorrhage. J Craniofac Surg 2024; 35: 1181-
1185.

Gu C, Lv J and Yuan D. The clinical effect of
minimally invasive stereotactic puncture intra-
cranial hematoma removal in the treatment of
patients with cerebral hemorrhage: a meta-
analysis. Cir Cir 2023; 91: 762-772.

Lian M, Li X, Wang Y, Che H and Yan Z. Com-
parison of two minimally invasive surgical ap-
proaches for hypertensive intracerebral hem-
orrhage: a study based on postoperative
intracranial pressure parameters. BMC Surg
2024; 24: 10.

Lv K, Wang Y, Chao H, Cao S and Cao W. Com-
parison of the efficacy of subosseous window
neuro-endoscopy and minimally invasive crani-
otomy in the treatment of basal ganglia hyper-
tensive intracerebral hemorrhage. J Craniofac
Surg 2023; 34: e724-e728.

Hallenberger TJ, Fischer U, Bonati LH, Dutilh G,
Mucklow R, Vogt AS, Boeni-Eckstein C, Cardia
A, Schubert GA, Bijlenga P, Messerer M, Raabe
A, Akeret K, Zweifel C, Kuhle J, Alfieri A, Fourni-
er JY, Fandino J, Hostettler IC, Schneider UC,

Am J Transl Res 2025;17(2):1510-1521



[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

MIRICH in the treatment of patients with HICH

Guzman R and Soleman J. Early minimally in-
vasive image-guided endoscopic evacuation of
intracerebral hemorrhage (EMINENT-ICH): a
randomized controlled trial. Trials 2024; 25:
692.

Xu X, Zhang H, Zhang J, Luo M, Wang Q, Zhao
Y, Gan Z, Xu B and Chen X; MISICH study team.
Minimally invasive surgeries for spontaneous
hypertensive intracerebral hemorrhage (MIS-
ICH): a multicenter randomized controlled trial.
BMC Med 2024; 22: 244,

Zhao H, Zhang T, Li M, Gao Y, Wang S, Jiang R
and Li Z. Three-dimensional laser combined
with C-arm computed tomography-assisted
puncture of intracerebral hemorrhage. Front
Endocrinol (Lausanne) 2023; 14: 1198564.
Hou Y, Sang Y, Ma M, Yang K, Yang F and Wei
G. Relationship between changes in neurologi-
cal deficit severity and adverse cardiac events
in elderly patients with hypertensive intracere-
bral hemorrhage: a retrospective cohort study.
Int J Neurosci 2024: 1-6.

ZhangL, Shen T, Zhou Y, Xie X, Wang J and Gao
H. Multidisciplinary management based on
clinical nursing pathway model for the treat-
ment of hypertensive intracerebral hemor-
rhage: a randomized controlled trial. Medicine
(Baltimore) 2024; 103: e37644.

Zhi T, Wang H, Wei X, Wei Z and Sun HT. Effi-
cacy of neuroendoscopic and small-bone-win-
dow craniotomy microsurgery for hypertensive
cerebral hemorrhage: a meta-analysis of Chi-
nese RCT studies. Front Neurol 2024; 15:
1434928.

Qureshi Al and Qureshi MH. Acute hyperten-
sive response in patients with intracerebral
hemorrhage pathophysiology and treatment. J
Cereb Blood Flow Metab 2018; 38: 1551-
1563.

Xue M and Yong VW. Neuroinflammation in in-
tracerebral haemorrhage: immunotherapies
with potential for translation. Lancet Neurol
2020; 19: 1023-1032.

Bernstein JE, Browne JD, Savla P, Wiginton J
4th, Patchana T, Miulli DE, Wacker MR and Du-
ong J. Inflammatory markers in severity of in-
tracerebral hemorrhage II: a follow up study.
Cureus 2021; 13: €12605.

Vlachogiannis P, Hillered L, Khalil F, Enblad P
and Ronne-Engstrom E. Interleukin-6 levels in
cerebrospinal fluid and plasma in patients with
severe spontaneous subarachnoid hemor-
rhage. World Neurosurg 2019; 122: e612-
e618.

Rendevski V, Aleksovski B, Mihajlovska Ren-
devska A, Hadzi-Petrushev N, Manusheva N,
Shuntov B and Gjorgoski I. Inflammatory and
oxidative stress markers in intracerebral hem-
orrhage: relevance as prognostic markers for
quantification of the edema volume. Brain
Pathol 2023; 33: €13106.

1521

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Wu J and Zhang S. Analysis of the therapeutic
effect and prognostic factors of 126 patients
with hypertensive cerebral hemorrhage treat-
ed by soft-channel minimally invasive puncture
and drainage. Front Surg 2022; 9: 885580.
Monfaredi R, Concepcion-Gonzalez A, Acosta
Julbe J, Fischer E, Hernandez-Herrera G, Cleary
K and Oluigbo C. Automatic path-planning
techniques for minimally invasive stereotactic
neurosurgical procedures-a systematic review.
Sensors (Basel) 2024; 24: 5238.

Zhang J, Lu S, Wang S, Zhou N and Li G. Com-
parison and analysis of the efficacy and safety
of minimally invasive surgery and craniotomy
in the treatment of hypertensive intracerebral
hemorrhage. Pak J Med Sci 2018; 34: 578-
582.

Mestre H, Tithof J, Du T, Song W, Peng W,
Sweeney AM, Olveda G, Thomas JH, Neder-
gaard M and Kelley DH. Flow of cerebrospinal
fluid is driven by arterial pulsations and is re-
duced in hypertension. Nat Commun 2018; 9:
4878.

de Castro-Santos G, Shiomatsu GY, Oliveira
RMDS, Procépio RJ and Navarro TP. Intraoper-
ative vascular doppler ultrasound blood flow
and peak systolic velocity predict early patency
in hemodialysis arteriovenous fistula. J Vasc
Bras 2022; 20: €20210098.

Tjeertes EKM, Simoncelli TFW, van den Enden
AJM, Mattace-Raso FUS, Stolker RJ and Hoeks
SE. Perioperative outcome, long-term mortality
and time trends in elderly patients undergoing
low-, intermediate- or major non-cardiac sur-
gery. Aging Clin Exp Res 2024; 36: 64.

Xu X, Zhang H, Zhang J, Luo M, Wang Q, Zhao
Y, Gan Z, Xu B and Chen X; MISICH study team.
Minimally invasive surgeries for spontaneous
hypertensive intracerebral hemorrhage (MIS-
ICH): a multicenter randomized controlled trial.
BMC Med 2024; 22: 244,

Tang, Yin F, FuD, Gao X, Lv Zand Li X. Efficacy
and safety of minimal invasive surgery treat-
ment in hypertensive intracerebral hemor-
rhage: a systematic review and meta-analysis.
BMC Neurol 2018; 18: 136.

Riahi V, Hassanzadeh H, Khanna S, Boyle J,
Syed F, Biki B, Borkwood E and Sweeney L. Im-
proving preoperative prediction of surgery du-
ration. BMC Health Serv Res 2023; 23: 1343.
Chi FL, Lang TC, Sun SJ, Tang XJ, Xu SY, Zheng
HB and Zhao HS. Relationship between differ-
ent surgical methods, hemorrhage position,
hemorrhage volume, surgical timing, and treat-
ment outcome of hypertensive intracerebral
hemorrhage. World J Emerg Med 2014; 5:
203-8.

Am J Transl Res 2025;17(2):1510-1521



