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Abstract: Objective: To analyze the prognostic factors in patients with acute hypertensive intracerebral hemorrhage
(HICH) undergoing minimally invasive puncture and drainage, providing scientific evidence to enhance clinical treat-
ment strategies. Methods: A retrospective analysis was conducted on 350 patients with acute HICH treated at
Gansu Provincial Hospital of Traditional Chinese Medicine and the First People’s Hospital of Lanzhou City from
March 2017 to January 2024. Patients were divided into two groups based on surgical method: the control group
(n = 211) received traditional craniotomy, while the observation group (n = 139) underwent minimally invasive
puncture and drainage. Functional scores, inflammatory markers, clinical efficacy, surgical time, first hematoma
clearance rate, and hospitalization duration were compared between the groups. Patients were classified into poor
prognosis (Glasgow Outcome Scale (GOS) score < 3) and improved prognosis (GOS score > 3) groups. Logistic re-
gression analysis identified independent risk factors for poor prognosis and examined their interaction with patient
outcomes. Results: Postoperative functional scores (National Institutes of Health Stroke Scale (NIHSS) score, GOS
score, and Barthel Index) in the observation group were significantly better than those in the control group (all
P < 0.001). Inflammatory markers (C-reactive protein (CRP), interleukin-6 (IL.-6), and tumor necrosis factor-alpha
(TNF-a1)) were significantly lower post-treatment in the observation group compared to those in the control group (all
P < 0.001). Multivariate logistic regression identified age (P = 0.003, OR = 0.573), time from onset to admission (P
= 0.026, OR = 0.535), duration of hypertension (P = 0.006, OR = 1.766), and postoperative IL-6 levels (P = 0.048,
OR = 1.870) as independent risk factors for poor prognosis. Prognosis was statistically associated with age (P =
0.040, OR = 0.978), time from onset to admission (P = 0.022, OR = 0.956), duration of hypertension (P = 0.022,
OR = 1.085), and post-treatment IL-6 levels (P = 0.043, OR = 1.030). Conclusion: Minimally invasive puncture and
drainage offer superior neurological recovery, reduced inflammatory response, and improved long-term prognosis
compared to traditional craniotomy in the treatment of hypertensive intracerebral hemorrhage.

Keywords: Hypertensive intracerebral hemorrhage, minimally invasive surgery, neurological function score, global
functional score, self-care ability assessment

Introduction

Hypertensive intracerebral hemorrhage (HICH)
is a common and severe complication of hyper-
tension, affecting approximately 4 million peo-
ple worldwide each year [1]. In recent years, the
incidence of hemorrhagic stroke has been ris-
ing, with an increasing number of cases occur-
ring in younger populations in China [2]. HICH is
primarily caused by damage to small cerebral
arteries due to long-term hypertension, charac-
terized by an acute onset, severe condition,

and high mortality rate. When cerebral blood
vessels rupture, a hematoma forms, compress-
ing normal brain cells and significantly impact-
ing the central nervous system [3]. Due to the
rapid onset and progression of HICH, improving
and controlling the patient’'s prognosis are
extremely challenging [4]. Various neurotoxic
substances released from intracerebral hema-
tomas, such as thrombin, erythrocyte degrada-
tion products, and liquefied substances, con-
tinuously damage the central nervous system
and the blood-brain barrier, leading to severe
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brain edema, elevated intracranial pressure,
and potentially brain herniation [5].

The primary treatment for cerebral hemorrhage
involves hematoma evacuation combined with
antioxidant drugs to alleviate oxidative stress,
reducing both primary and secondary neural
damage [6]. Therefore, rapidly evacuating he-
matomas, reducing intracranial pressure, and
alleviating the hematoma mass effect are the
ideal goals of surgical treatment for HICH.
Craniotomy, a common surgical intervention for
spontaneous intracerebral hemorrhage, can
quickly reduce intracranial pressure [7]. How-
ever, compared to optimal medical manage-
ment strategies, craniotomy has not demon-
strated significant benefits, possibly due to lon-
ger surgical times, trauma to surrounding brain
tissue, a high risk of blood loss, a high inci-
dence of perioperative complications, and po-
stoperative pathophysiological changes, reduc-
ing its effectiveness [8]. With advances in med-
ical technology, more studies indicate that min-
imally invasive surgery offers unique advantag-
es. When selecting surgical options for HICH
patients in clinical practice, the most suitable
method should be chosen based on the
patient’s specific condition [9]. These minimally
invasive techniques not only effectively evacu-
ate hematomas but also reduce damage to sur-
rounding brain tissue, improving treatment out-
comes and patient prognosis. Multiple studies
have confirmed the efficacy of minimally inva-
sive surgery in treating HICH, but controversies
remain regarding the specific prognostic fac-
tors for different patients [10]. Existing litera-
ture mainly focuses on improvements in surgi-
cal techniques and short-term efficacy evalua-
tions, lacking systematic analysis of long-term
prognostic factors [11-13].

This study aims to analyze the prognostic fac-
tors affecting patients with acute HICH under-
going minimally invasive puncture and drain-
age, providing more scientific evidence for clini-
cal treatment. By investigating factors such as
postoperative neurological function recovery,
complication incidence, and survival rates, we
aim to optimize surgical plans for HICH patients.
The Glasgow Outcome Scale (GOS) is used to
assess recovery and functional outcomes in
patients after brain injury or stroke, ranging
from 1 (death) to 5 (good recovery) [14]. Higher
scores indicate better outcomes. In this study,
the GOS score was used to classify patients
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into poor prognosis (GOS < 3) and improved
prognosis (GOS > 3) groups, aiding in the analy-
sis of prognostic factors for acute HICH treated
with minimally invasive puncture and drainage.

Materials and methods
Case source and patient grouping

We conducted a retrospective analysis on the
clinical data of 350 patients with acute HICH
treated in the Department of Neurosurgery at
Gansu Provincial Hospital of Traditional Chinese
Medicine and the First People’s Hospital of
Lanzhou City from March 2017 to January
2024. The Medical Ethics Committee of Gansu
Provincial Hospital of Traditional Chinese Me-
dicine approved this study. Patients were
assigned to a control group (n = 211), who
underwent traditional craniotomy, and an ob-
servation group (n = 139), who received mini-
mally invasive puncture and drainage, based on
the surgical method chosen.

Inclusion and exclusion criteria

Inclusion criteria: (1) patients were at least 75
years old; (2) patients had a documented his-
tory of hypertension; (3) patients met the diag-
nostic criteria outlined in the “2018 Chinese
Guidelines for Prevention and Treatment of
Hypertension” [15]; (4) patients had a cranial
CT scan confirming acute intracerebral hemor-
rhage [16]; (5) patients experienced their first
cerebral hemorrhage within 24 hours of admis-
sion, with no prior symptoms of the disease
present before admission; (6) patients required
surgical intervention; (7) patients had complete
case data.

Exclusion criteria: (1) severe cardiovascular,
pulmonary, hepatic, or renal conditions; (2)
tumors or other diseases with a life expectancy
of less than 6 months; (3) brainstem hemor-
rhage or hematomas caused by vascular mal-
formations; (4) coagulation disorders or other
bleeding abnormalities; (5) long-term use of
anticoagulants or previous thrombolytic thera-
py; (6) history of mental iliness; and (7) brain
infections or systemic infectious diseases.

Surgical methods

Control group: Patients underwent traditional
craniotomy. After preoperative anesthesia, dis-
infection, and draping, a straight incision of
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approximately 6 cm was made at the maximum
cross-section of the hematoma nearest the
scalp. Sequential incisions were made through
the skin, subcutaneous tissue, and galea apo-
neurotica. The periosteum was removed, a burr
hole was drilled, and bone was removed to cre-
ate a bone window approximately 3 cm in diam-
eter. The dura mater was incised and suspend-
ed, and the hematoma’s location and depth
were explored using a brain puncture needle.
Partial evacuation of the hematoma was per-
formed, followed by a cortical incision of
approximately 2 cm under a microscope. The
hematoma was repeatedly irrigated and evacu-
ated, with thorough hemostasis performed. A
drainage tube was placed, and the wound was
sutured and dressed [17].

Observation group: Patients underwent mini-
mally invasive puncture and drainage. A punc-
ture point 1-2 cm below and behind the center
of the hematoma was selected after preopera-
tive anesthesia, disinfection, and draping. The
coordinates and depth of the puncture point
were calculated, and a straight incision of
approximately 3-4 cm was made. The dura
mater was exposed, and a disposable brain
puncture cannula was used under CT guidance
to reach the hematoma site. The needle core
was removed, and a drainage tube was con-
nected. Warm saline was used for irrigation,
slowly aspirating 30-40% of the hematoma.
Subsequently, 20,000 units of urokinase
(Tianjin Biochemical Pharmaceutical Co., Ltd.,
National Drug Approval) and 3 ml of 0.9% saline
were injected into the drainage tube. The tube
was clamped for 3 hours before the needle was
withdrawn, and the area was pressurized and
dressed [18].

Both groups received routine postoperative
symptomatic treatments, including hemostasis
and anti-infection measures. During the acute
phase, patients also underwent hyperbaric oxy-
gen therapy and functional exercises for
rehabilitation.

Clinical data collection

We collected baseline data and laboratory indi-
cators from patients’ outpatient follow-up
records, electronic medical records, and labo-
ratory reports. Baseline data included age, sex,
time from onset to admission, hemorrhage
location, duration of hypertension, preopera-
tive hypertension grade, intracerebral hemor-
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rhage volume, history of diabetes, clinical effi-
cacy, surgical time, first hematoma clearance
rate, hospitalization time, National Institutes of
Health Stroke Scale (NIHSS) score, GOS score,
and Barthel index. Laboratory indicators (infla-
mmatory markers) included C-reactive protein
(CRP), interleukin-6 (IL-6), and tumor necrosis
factor-alpha (TNF-&). Functional scores were
assessed and evaluated both before and 6
months after treatment, while laboratory indi-
cators were measured before and 2 weeks
post-treatment.

Functional scores

NIHSS score: The NIHSS score [19] is used to
assess and quantify the degree of neurological
impairment in acute stroke patients. Scores
range from O to 42, with higher scores indicat-
ing more severe neurological impairment.

GOS score: The GOS score [20] assesses over-
all recovery and functional outcomes in patients
following brain injury or stroke. Scores range
from 1 to 5, with higher scores indicating better
recovery and functional outcomes.

Barthel index: The Barthel index [21] evaluates
patients’ ability to perform daily living activities
independently. Scores range from 0 to 100,
with higher scores indicating greater self-care
ability.

Laboratory indicator testing

Serum levels of CRP (CSB-E08617h), IL-6 (CSB-
E04638h), and TNF-a (CSB-E09315h) were
measured using enzyme-linked immunosor-
bent assay (ELISA) kits from Wuhan Huamei
Biological Engineering Co., Ltd. Testing was
conducted before and 2 weeks after treatment,
following the kit instructions.

Outcome measurements

Primary outcomes: The primary outcomes
included a comparison of functional scores and
inflammatory markers between the observa-
tion and control groups. Patients were classi-
fied into poor prognosis (GOS score < 3) and
improved prognosis (GOS score > 3) groups
based on their GOS scores. Logistic regression
analysis was employed to identify risk factors
for poor prognosis and to analyze the interac-
tion between these factors and patient outco-
mes.

Secondary outcomes: Secondary outcomes
included a comparison of baseline data be-
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A retrospective analysis of 350 patients with acute HICH tre
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Figure 1. Study flowchart. Note: GOS, Glasgow Outcome Scale; HICH, hypertensive intracerebral hemorrhage.

tween the observation and control groups. We
also compared clinical efficacy, surgical time,
first hematoma clearance rate, and hospitaliza-
tion time between the two groups (Figure 1).

Statistical analysis

Data analysis was conducted using SPSS
26.00 software, with GraphPad Prism 9 soft-
ware employed for grouping and summarizing
images. Chi-square tests were used for com-
parisons between count data, while indepen-
dent t-tests were used for inter-group compari-
sons and paired t-tests for intra-group compari-
sons of measures. Logistic regression analysis
was performed using the stats package in R
(4.3.2) to identify risk factors influencing poor
prognosis. The RMSS package was used for
prognostic and independent risk factor interac-
tion analysis, and the ggplot2 package was
used for visualization. Receiver operating char-
acteristic (ROC) curve analysis was conducted
using the pROC package to obtain cut-off val-
ues for patient ROC analysis. Statistical signifi-
cance was set at P < 0.05.

Results
Baseline data

A comparison of the baseline data between the
two groups revealed no significant differences
in age, sex, time from onset to admission, hem-
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orrhage location, duration of hypertension, pre-
operative hypertension grade, intracerebral
hemorrhage volume, or history of diabetes (all P
> 0.05, Table 1).

Clinical efficacy after treatment

The evaluation of clinical efficacy after treat-
ment showed that the effectiveness rate in the
control group was significantly lower than that
in the observation group, with statistical signifi-
cance (P < 0.001, Table 2).

Comparison of surgical time, first hematoma
clearance rate, and hospitalization time

Comparison of surgical time, first hematoma
clearance rate, and hospitalization time
between the two groups revealed that the con-
trol group had significantly longer surgical time
[40.00 (35.00, 44.00) vs. 102.00 (90.00,
115.00)], a lower first hematoma clearance
rate [44.87 (40.33, 50.45) vs. 72.37 (63.08,
79.19)], and a longer hospitalization time
[15.00 (12.00, 18.00) vs. 22.00 (20.00, 25.50)]
compared to the observation group (P < 0.001,
Figure 2).

Changes in functional scores before and after
treatment

Before treatment, there were no significant dif-
ferences in NIHSS score [13.00 (11.00, 14.00)
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Table 1. Comparison of baseline data between the observation and control groups

Factors Observation group (n = 139) Control group (n = 211) x*Value P Value
Age (years)
<40 21 26 0.697 0.706
40-50 39 65
> 50 79 120
Sex
Male 86 114 2.104 0.147
Female 53 97
Time from onset to admission
<12h 81 108 1.695 0.193
>12h 58 103
Hemorrhage location
Basal ganglia 82 131 0.904 0.636
Lobar 35 44
Thalamus 22 36
Duration of hypertension (years)
<5 67 110 2.883 0.237
5-10 53 84
> 10 19 17
Preoperative hypertension grade
I 30 53 2485 0.288
Il 76 122
11 33 36
Intracerebral hemorrhage volume (mL)
<60 53 74 0.339 0.560
>60 86 137
History of diabetes
Yes 18 32 0.336 0.562
No 121 179

Table 2. Comparison of clinical efficacy after treatment

pared to the control group (all P < 0.001,

Figure 3).

Group Significant Effect Effective Ineffective
Observation (n = 139) 84 38 17
Control (n =211) 75 106 30

X2 22.531

P Value <0.001

Changes in inflammatory markers be-
fore and after treatment

Before treatment, there were no sig-

vs. 12.00 (10.00, 14.00)], GOS score [3.00
(2.00, 3.00) vs. 3.00 (2.00, 3.00)], or Barthel
index [34.74 + 7.07 vs. 35.55 + 7.38] between
the two groups (all P > 0.05). However, after
treatment, the observation group had a signifi-
cantly lower NIHSS score [6.00 (4.00, 7.00) vs.
8.00 (6.00, 9.00)], higher GOS score [4.00
(4.00, 4.50) vs. 4.00 (3.00, 4.00)], and Barthel
index [62.03 + 10.30 vs. 51.45 + 10.01] com-
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nificant differences in CRP [37.63

3.91 vs. 38.08 £ 4.05], IL-6 [86.33 +
8.25 vs. 86.33 + 10.74], or TNF-a [289.06 +
33.72 vs. 289.93 + 37.49] between the two
groups (P > 0.05). After treatment, the ob-
servation group had significantly lower levels of
CRP [13.55 + 4.96 vs. 19.43 + 5.50], IL-6
[35.46 + 8.19 vs. 44.73 + 7.45], and TNF-a
[146.88 + 30.21 vs. 183.62 + 29.75] com-
pared to the control group (P < 0.001, Figure
4).
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Figure 2. Comparison of surgical time, first hematoma clearance rate, and hospitalization time between the two
groups. A. Comparison of surgical time during treatment between the two groups; B. Comparison of first hematoma
clearance rate during treatment between the two groups; C. Comparison of hospitalization time after treatment
between the two groups. Note: ***P < 0.001.
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Figure 3. Comparison of functional scores before and after treatment between the two groups. A. Comparison of
NIHSS score before and after treatment between the two groups; B. Comparison of GOS score before and after
treatment between the two groups; C. Comparison of Barthel index before and after treatment between the two
groups. Note: nsP > 0.05, ***P < 0.001; NIHSS score, National Institutes of Health Stroke Scale score; GOS score,
Glasgow Outcome Scale score.
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Figure 4. Comparison of inflammatory markers before and after treatment between the two groups. A. Compari-
son of CRP before and after treatment between the two groups; B. Comparison of IL.-6 before and after treatment
between the two groups; C. Comparison of TNF-a before and after treatment between the two groups. Note: nsP >
0.05, ***P < 0.001; CRP, C-reactive protein; IL-6, interleukin-6; TNF-&, tumor necrosis factor-alpha.
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Table 3. Comparison of clinical data between different prognostic groups

Factors Poor Prognosis (n = 79) Improved Prognosis (n = 271) Statistic P Value
Age (years)
<40 16 35 9.733 0.008
40-50 32 76
> 50 31 160
Sex
Male 36 114 0.307 0.580
Female 43 157
Time from onset to admission
<12h 46 115 6.141  0.013
>12h 33 156
Hemorrhage location
Basal ganglia 47 166 0.441 0.802
Lobar 17 62
Thalamus 15 43
Duration of hypertension (years)
<5 29 148 7.877 0.019
5-10 40 97
>10 10 26
Preoperative hypertension grade
| 20 63 0.709 0.701
Il 46 152
1 13 56
Intracerebral hemorrhage volume (mL)
<60 52 171 0.196 0.658
>60 27 100
History of diabetes
Yes 66 234 0.392 0.531
No 13 37
Treatment plan
Observation group 17 122 14.109 < 0.001
Control group 62 149
Surgical time (min) 93.00 (72.50, 108.50) 81.00 (40.50, 104.00) 2.740  0.006
First hematoma clearance rate (%) 66.73 (54.70, 75.91) 57.30 (45.13, 74.35) 2.530 0.011
Hospitalization time (d) 22.00 (17.50, 24.50) 19.00 (15.00, 23.00) 2.333 0.019
After treatment NIHSS score 7.00 (6.00, 10.00) 7.00 (5.00, 9.00) 1.355 0.172
After treatment Barthel Index 52.81+12.41 56.48 + 10.93 -2.371 0.019
After treatment CRP (mg/L) 18.41 +5.84 16.71 £ 6.03 2.27 0.025
After treatment IL-6 (ng/mL) 43.07 + 7.47 40.46 £ 9.30 2.577 0.011
After treatment TNF-o (ng/L) 173.25 + 34.47 167.79 + 34.98 1.236  0.219

Note: NIHSS score, National Institutes of Health Stroke Scale score; GOS, Glasgow Outcome Scale; CRP, C-reactive protein; IL-6,
Interleukin-6; TNF-a, Tumor Necrosis Factor-alpha.

Comparison of clinical data between different

prognostic groups

Based on the posttreatment GOS scores,
patients were classified into the improved prog-
nosis group (GOS score > 3) and the poor prog-
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nosis group (GOS score < 3). Comparing clinical
data between these groups revealed statisti-
cally significant differences in age, time from
onset to admission, duration of hypertension,
and treatment plan (P < 0.05, Table 3).
Additionally, surgical time, first hematoma
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cal significance between prog-
nosis and age (P = 0.040, OR =
0.978), time from onset to
admission (P = 0.022, OR =
0.956), duration of hyperten-
sion (P = 0.022, OR = 1.085),
and post-treatment IL-6 levels (P
=0.043, OR = 1.030) (Figure 6;
Table 6).

Discussion

HICH is a severe form of cere-
bral hemorrhage caused by
hypertension, often resulting in
basal ganglia hemorrhage due
to small artery pathologies such
as microaneurysm rupture [22].
Traditional craniotomy offers
advantages over conventional
medical methods, particularly in
terms of precise hemostasis

0.00 0.25 0.50
False positive rate

Figure 5. The best cut-off of the measurement data is determined. Note:

CRP, C-reactive protein; IL-6, interleukin-6.

clearance rate, hospitalization time, post-treat-
ment Barthel index, post-treatment CRP, and
post-treatment IL-6 levels were significantly dif-
ferent between the two prognosis groups (P <
0.05, Table 3).

Logistic regression analysis of risk factors af-
fecting prognosis

Based on the comparison of clinical data, indi-
cators with significant differences were includ-
ed in the logistic regression analysis. Surgical
and laboratory indicators were dichotomized
according to ROC analysis cut-off values for
inclusion in the logistic regression (Figure 5;
Table 4). Multivariate logistic regression analy-
sis identified age (P = 0.003, OR = 0.573), time
from onset to admission (P = 0.026, OR =
0.535), duration of hypertension (P = 0.006,
OR = 1.766), and post-treatment IL-6 levels (P =
0.048, OR = 1.870) as significant risk factors
affecting patient prognosis (Table 5).

Interaction between prognosis and indepen-
dent risk factors

The analysis of interactions between prognosis
and independent risk factors revealed statisti-
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1.00 and safety [23]. However, it is
also highly invasive and may
cause more damage to brain tis-
sue [24]. Compared to cranioto-
my, minimally invasive puncture
and drainage have the benefit of
being less traumatic. Each method has its own
applicable scenarios and potential long-term
effects, making the selection of an appropriate
surgical strategy crucial for improving patient
prognosis in clinical practice.

In this study, we compared the effects of mini-
mally invasive puncture and drainage with tra-
ditional craniotomy in the treatment of HICH.
The results showed that the observation group
had significantly better outcomes on several
key clinical indicators than the control group.
Specifically, clinical efficacy was higher in the
observation group, with a significantly greater
effectiveness rate. Additionally, surgical and
hospitalization times in the observation group
were significantly shorter than those in the con-
trol group. The reduced invasiveness of mini-
mally invasive surgery resulted in less intraop-
erative bleeding and fewer postoperative com-
plications, accelerating patient recovery and
thus shortening both surgical and hospitaliza-
tion times [25, 26]. Moreover, the smaller inci-
sions and minimized tissue damage associated
with minimally invasive surgery reduced post-
operative pain and discomfort [27], enabling
patients to begin rehabilitation and resume
daily activities earlier. These advantages col-
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Table 4. Assignment table

Factors

Dichotomization

Age (years)

Time from onset to admission
Duration of hypertension (years)
Treatment plan

Surgical time (min)

First hematoma clearance rate (%)
Hospitalization time (d)

After treatment Barthel Index
After treatment CRP (mg/L)
After treatment IL-6 (ng/mL)
Prognosis

<40=0,4050=1,>50=2

<12h=1,212h=0

<5=0,510=1,>10=2

Observation group = O, Control group = 1
<56=0,>56=1
<56.14=0,>56.14=1

<20.5=0,>205=1
<56.5=0,>56.5=1

<13.45=0,>1345=1

<40.85=0,>40.85=1
Improved = 0, Poor =1

Note: CRP, C-reactive protein; IL-6, interleukin-6.

Table 5. Multivariate logistics regression analysis

Factors Estimate Std. Error P Value OR 95% Cl
Treatment plan -0.219 1.353 0.871 0.803 0.053-11.761
Age -0.557 0.185 0.003 0.573 0.397-0.823
Time from onset to admission -0.625 0.280 0.026 0.535 0.307-0.924
Duration of hypertension 0.569 0.208 0.006 1.766 1.175-2.665
Surgical time 0.461 1.235 0.709 1.586 0.135-19.297
First hematoma clearance rate 0.189 0.431 0.661 1.207 0.523-2.856
Hospitalization time 0.542 0.340 0.111 1.720 0.891-3.395
After treatment Barthel Index score -0.164 0.315 0.602 0.849 0.455-1.57
After treatment CRP 0.590 0.398 0.138 1.804 0.848-4.083
After treatment IL-6 0.626 0.317 0.048 1.870 1.012-3.519

Note: CRP, C-reactive protein; IL-6, interleukin-6.

lectively highlight the significant benefits of
minimally invasive surgery in treating acute
HICH. For instance, Yan et al. [28] reported that
patients undergoing minimally invasive surgery
for HICH had significantly shorter surgical and
hospitalization times compared to those under-
going traditional surgery. Similarly, Luan et al.
[29] found that hospitalization time was shorter
for HICH patients treated with minimally inva-
sive surgery than for those treated with tradi-
tional surgery, consistent with our findings.

However, the observation group had a lower
first hematoma clearance rate compared to the
control group. This may be due to the smaller
puncture point used in minimally invasive sur-
gery, which can limit the complete removal of
large or unevenly distributed hematomas. In
contrast, traditional surgery provides direct
access for more thorough hematoma removal,
especially for large or complexly located hema-
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tomas [30]. Additionally, the texture and depth
of the hematoma may affect the clearance
effectiveness of minimally invasive surgery,
particularly for hard or deep hematomas that
are more challenging to manage thoroughly
using minimally invasive methods.

Regarding functional recovery, the NIHSS score
in the observation group was significantly lower,
while the GOS score and Barthel index were sig-
nificantly higher than those in the control group
after treatment. This indicates that minimally
invasive surgery is more effective in improving
neurological function and daily self-care abili-
ties. The reduced invasiveness of minimally
invasive surgery leads to less postoperative
pain and discomfort, reducing pressure on the
central nervous system and inflammation,
which favors the protection and recovery of
neurological functions [31]. Furthermore, the
precision of minimally invasive surgery minimiz-
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Figure 6. Interaction between independent risk factors and prognosis. A. Interaction between prognosis and age; B.
Interaction between prognosis and time from onset to admission; C. Interaction between prognosis and duration of
hypertension; D. Interaction between prognosis and after treatment IL-6. Note: IL-6, interleukin-6.

Table 6. The mutual interaction relationship between the prognostic situation and the independent

risk factors

Factors Estimate Std. Error z value P Value
Age VS. Prognostic status -0.022 0.011 -2.049 0.040
Time from onset to admission VS. Prognostic status -0.045 0.020 -2.286 0.022
Durability of hypertension VS. Prognostic status 0.081 0.036 2.288 0.022
After treatment IL-6 (ng/mL) VS. Prognostic status 0.030 0.015 2.025 0.043

Note: IL-6, Interleukin-6.

es damage to surrounding healthy brain tissue,
aiding in preserving neurological functions and
ultimately resulting in improved functional
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scores for patients. Previous studies by Huang
et al. [32] found that HICH patients treated with
minimally invasive surgery had significantly
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lower NIHSS scores after treatment compared
to those receiving conservative treatment.

Additionally, post-treatment inflammatory mar-
kers CRP, IL-6, and TNF-a were significantly
lower in the observation group compared to the
control group, reflecting the reduced biological
stress and inflammatory response associated
with minimally invasive surgery. This reduction
helps lower the risk of postoperative complica-
tions. Minimally invasive surgery employs small
incisions and techniques that minimize tissue
damage, reducing surgical trauma and intraop-
erative bleeding, thereby lowering the release
of postoperative inflammatory mediators [33].
Furthermore, the shorter surgical time associ-
ated with minimally invasive surgery reduces
the exposure time of tissues to the external
environment, lowering the risk of infection and
inflammation. For example, Xia et al. [34]
reported that HICH patients treated with mini-
mally invasive surgery showed more significant
reductions in IL-6 and TNF-a compared to those
receiving conservative treatment. These advan-
tages collectively make minimally invasive sur-
gery highly effective in reducing postoperative
biological stress and inflammatory responses,
significantly improving overall patient prog-
nosis.

At the end of the study, we analyzed the risk
factors affecting patient prognosis. Our results
showed that age, time from onset to admission,
duration of hypertension, and post-treatment
IL-6 levels were significant risk factors influenc-
ing patient outcomes. Further interaction anal-
ysis revealed that as age increased, the proba-
bility of prognosis improvement significantly
decreased. Additionally, longer times from
onset to admission were associated with a
lower likelihood of prognosis improvement. A
longer duration of hypertension also corre-
sponded to a reduced probability of prognosis
improvement. Moreover, higher levels of post-
treatment IL-6 were linked to a lower probability
of prognostic improvement. This can be attrib-
uted to the fact that with increasing age,
patients’ physical functions and the nervous
system’s ability to recover decline, increasing
the likelihood of chronic diseases and signifi-
cantly reducing the chances of prognosis
improvement [35]. Delays in admission result
in increased cerebral hemorrhage volume and
aggravated brain tissue damage, further dimin-
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ishing the likelihood of prognosis improvement
[36]. Long-term hypertension leads to patho-
logical changes in cerebral blood vessels,
heightening the risk and severity of cerebral
hemorrhage, and the longer the duration of
hypertension, the lower the probability of prog-
nosis improvement [37]. Additionally, elevated
post-treatment IL-6 levels indicate ongoing
inflammatory responses and tissue damage,
which inhibit neuronal repair and significantly
reduce the probability of prognosis improve-
ment [18]. These factors collectively influence
patients’ recovery outcomes and long-term
quality of life, emphasizing the need for early
intervention and individualized management
targeting these risk factors in clinical treatment
to improve patient prognosis.

In our study, although minimally invasive punc-
ture and drainage showed significant advan-
tages over traditional craniotomy in postopera-
tive functional scores and inflammatory mark-
ers, the treatment method did not achieve sta-
tistical significance in affecting patient progno-
sis in multivariate regression analysis. This may
be due to individual patient differences, varia-
tions in surgical quality, postoperative manage-
ment, and unadjusted confounding factors.
Differences in patients’ specific conditions,
hematoma location, and volume may lead to
varying effects of the two surgical methods.
Additionally, the success of surgery depends on
the precision of surgical operations, postopera-
tive management, and rehabilitation measures.
The variability of these factors may obscure the
impact of surgical methods on prognosis.
Furthermore, the sample size and statistical
power might have been insufficient to detect
subtle effects of the treatment methods, and
the severity of the condition could have influ-
enced the choice of surgical method, introduc-
ing selection bias. Although minimally invasive
surgery demonstrated advantages in postop-
erative recovery and inflammation control, the
impact of the treatment method on prognosis
did not reach statistical significance in multi-
variate regression analysis due to these
factors.

The limitations of this study include its retro-
spective design, single-center nature, short
follow-up period, and lack of a randomized con-
trolled design. A retrospective analysis may
introduce selection bias and information bias,
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potentially affecting the accuracy and com-
pleteness of the data. Since the data were col-
lected from a single medical center, the exter-
nal validity and generalizability of the results
are limited. The short follow-up period may not
fully capture the long-term prognosis and func-
tional recovery of patients. Additionally, the
absence of a randomized controlled design
may leave unadjusted confounding factors,
affecting the reliability of the results. Future
studies should adopt prospective, multicenter,
randomized controlled designs and extend the
follow-up period to enhance the reliability and
generalizability of the findings.

In conclusion, this study demonstrates that
minimally invasive puncture and drainage offer
significant advantages over traditional craniot-
omy in the treatment of acute HICH. Patients
undergoing minimally invasive procedures
experienced better neurological recovery, lower
inflammatory responses, and an improved
long-term prognosis. Key prognostic factors,
including age, time from onset to admission,
duration of hypertension, and postoperative
IL-6 levels, were identified as independent risk
factors affecting patient outcomes. Interaction
analysis further highlighted the combined
effects of these factors on prognosis, under-
scoring the importance of personalized treat-
ment strategies. These findings support the
adoption of minimally invasive techniques in
clinical practice for managing HICH, optimize
patient outcomes and enhance recovery.
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