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Aim: The optimal management strategies for spontaneous intracerebral hemorrhage in the basal ganglia
region are still controversial. The purpose of the present study is to evaluate the clinical benefits of
craniotomy, minimally invasive puncture and drainage (MIPD) and conservative treatment in patients with
basal ganglia hematoma. Materials & methods: This study retrospectively enrolled consecutive patients
with hematoma >20 ml in the basal ganglia hemorrhage and onset to admission within 24 h. Primary
outcome was the proportion of favorable outcome (modified Rankin scale score 0-3) at 3 months.
Secondary outcomes included excellent outcome (modified Rankin scale score 0-2) and mortality at
3 months and 1 year. Sensitive analysis was performed in patients with hematoma > 30 ml. Results: A total
of 481 patients were included and divided into three groups: 146 received craniotomy, 211 underwent
MIPD and 124 were managed with conservative treatment. The proportion of primary outcome was
lower in the craniotomy (23.24%) than in the MIPD (35.41%) and conservative treatment (41.94%) groups.
Among patients with hematoma >30 ml, MIPD has higher rates of favorable outcome at 3 months (37.32 vs
25.98%, p = 0.05) and 1 year (52.82 vs 40.16%, p = 0.04) compared with craniotomy; albeit. The short-term
and long-term mortality was similar in three groups. Conclusion: MIPD was found to be associated with
both short- and long-term favorable outcomes in patients with spontaneous intracerebral hemorrhage in
the basal ganglia region. Moreover, neither MIPD nor craniotomy showed an association with increased
risk of short- or long-term mortality.

Plain language summary: Which treatment works best for deep brain bleeds: minimally invasive drainage,
open surgery or medication-only care?

What is this article about? Patients with sudden bleeding in deep brain regions (basal ganglia
hemorrhage) face high risks of disability. This study compared three treatments: open brain surgery
(craniotomy), a less invasive drainage procedure (MIPD) and medication-only care (conservative
treatment), to see which best preserves patients’ independence.

What were the results? MIPD was found to be associated with both short- and long-term favorable
outcomes in patients with spontaneous intracerebral hemorrhage in the basal ganglia region. Moreover,
neither MIPD nor craniotomy showed an association with increased risk of short- or long-term mortality.
Why is this important? Doctors often debate whether surgery helps deep brain bleeds. This study shows
that less invasive options (minimally invasive drainage or careful monitoring) may improve recovery more
than open surgery, without increasing death risk. For large bleeds, minimally invasive drainage appears
to offer the best chance for independence. These findings could potentially steer treatment toward safer,
more effective approaches — especially where resources for complex surgery are limited.
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Spontaneous intracerebral hemorrhage (sICH) is a devastating disease, accounting for 10-15% of all stroke
cases [1,2]. Particularly, the hematomas in the area of basal ganglia are common, constituting approximately 65% of
all sSICH (3]. sICH has greater mortality and disability than ischemic stroke (2,4,5]. However, the optimal treatment
for sICH remains uncertain and controversial.

Surgery and conservative treatment are dominant treatments for sSiICH. The STICH 3] and STICH 1I (] trials,
two randomized clinical trials, have failed to demonstrate patients with sSICH can get benefits from craniotomy.
While craniotomy effectively removes hematomas, the procedure may also cause damage to healthy brain tissue
during the process. Minimally invasive surgery has advantages to decrease the blood loss during operation, shorten
anesthetic time, and reduce the rates of complications for craniotomy (7). The MISTIE-III trial (8], which investigated
the use of catheter-associated thrombolysis for hematoma evacuation, did not demonstrate that minimally invasive
surgery improved the proportion of favorable outcome at 1 year in patients with sSICH. Recently, the ENRICH
trial suggested that minimally invasive hematoma evacuation could increase the proportion of favorable outcome
at 6 months for lobar hemorrhages [9]. The basal ganglia, a deep-seated anatomical structure within the brain,
suffer severe damage during hematoma evacuation procedures [10,11]. A prospective nonrandomized comparative
study supported that patient who underwent minimally invasive puncture and drainage (MIPD) for basal ganglia
hematoma had higher rates of functional independence and lower rates of mortality than depressive craniotomy at
1 year [5].

MIPD is a safe surgical procedure characterized by rapid hematoma removal, reduced blood loss and low
cost, which is widely used in China. Few studies have comprehensively compared the clinical outcomes among
craniotomy, MIPD and conservative treatment in patients with basal ganglia hematoma. The aim of our study
was to assess and compare the functional outcomes at 3 months and 1 year among three groups by conducting a
retrospective study of basal ganglia hemorrhage.

Materials & methods

Patients

The study consecutively enrolled patients with sICH in the basal ganglia region from the First Hospital of Yulin,
Xianyang Hospital of Yan’an University and the Yan’an University Affiliated Hospital between 1 August 2019
and 18 September 2023. The study protocol was approved by the local ethics committees. Those patients were
included who were 18-90 years of age, identified with hemorrhage volume >20 ml based on CT, admitted to the
hospital within 24 h after ICH symptom onset, keeping the drainage catheter less than 7 days after operation,
and recorded without neurological deficit (Glasgow Coma Scale [GCS] score <5 and modified Rankin scale
[mRS] score >1) before ICH symptom onset. Hemorrhage volume was calculated utilizing the ellipsoid volume
approximation method, employing the Coniglobus formula (121 = A x B x C x 1/2. The exclusion criteria
included the following: hemorrhage due to trauma, ruptured aneurysm, cerebral arteriovenous malformation and
vascular anomaly; coagulation disorders; cerebral tumor; brain stem failure at admission; pregnancy and incomplete
follow-up information. We also collected those data of patients, including age, sex, disease history (hypertension,
diabetes, coronary heart disease), current smoking, GCS score at admission, hemorrhage volume, systolic blood
pressure at admission, diastolic blood pressure at admission, the time of onset to admission, the time of admission
to surgery and surgery procedure during time based on previous medical records.

Treatment procedures
Minimally invasive puncture ¢& drainage

The puncture site was determined by locating the maximum cross-sectional area of the hematoma on preoperative
CT scans, while carefully avoiding critical functional brain regions and major vessels. After general anesthesia,
drainage catheter was placed into the hematoma center. The hematoma evacuation was performed with a 10 ml
syringe to aspirate uncoagulated blood until no longer fluid in the syringe. The hematoma was then continuously
liquefied via an extracranial drainage system, with daily administration of 10,000 units of urokinase (reconstituted
in 5 ml normal saline) into the hematoma cavity through the catheter. Patients were re-examined by CT on the
first, third, fifth and seventh days post-operation. Removing the drainage catheter was determined by the remaining
hematoma volume less 10 ml on follow-up CT and patients with a stable condition. The decision to remove the
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drainage catheter was determined by three criteria: a residual hematoma volume of less than 10 ml on follow-up
CT scans, the patient’s stable clinical condition and no severe hydrocephalus.

Craniotomy

Under the general anesthesia, the bone flap was removed and dura was opened in a cruciate manner. Under
microscopic visualization, the hematoma was evacuated using suction device and active bleeding was controlled
employing bipolar electrocautery and local hemostatic agents. An external hematoma catheter was placed into the
hematoma cavity for drainage for residual hematoma. In all cases, bone flap decompression was routinely performed
in combination with hematoma evacuation to prevent postoperative brain herniation caused by severe hemorrhage
or cerebral edema. Postoperative follow-up assessments were systematically conducted on postoperative days 1, 3,

5and 7.

Conservative treatment

All enrolled patients received standardized medical management in strict accordance with the 2022 American
Heart Association/American Stroke Association (AHA/ASA) guidelines for sSsICH management (13]. And standard
acute-phase management for intracerebral hemorrhage were consistently implemented in patients [14].

Outcomes

The primary outcome was the proportion of patients with favorable functional outcomes (modified Rankin Scale
[mRS] score 0-3) at 3 months [15]. Secondary outcomes included GCS and mRS scores at hospital discharge; the
proportion of patients with excellent outcomes (mRS 0-2) and mortality at 3 months post-onset; and the rates of
excellent outcomes, favorable outcomes and mortality at 1-year follow-up.

Statistical analysis

Categorical variables were presented as percentages and analyzed using the Chi-square test or Fisher exact test,
appropriately. Continuous variables were shown using the median (interquartile range, IQR) and Mann—Whitney
U test to analyze the difference in the craniotomy versus conservative treatment group and minimally invasive
surgery versus conservative treatment group.

An inverse probability treatment weighting (IPT'W) analysis was performed, adjusted for variables selected
according to their p-value in univariate analysis and on their potential influence on outcome. The selected variables
included age, sex, current smoking, diabetes, GCS score at admission, ICH volume, SBP and time from onset to
admission. Additionally, sensitivity analysis was performed, stratified by ICH volume, time from onset to admission
and GCS score at admission, to assess the association between the three treatments and clinical outcomes. Further,
the effects of different treatments for outcomes also were explored in patients with hematoma volume >30 ml
in the basal ganglia region. The proportion of clinical outcomes also were compared between craniotomy and
MIPD group. Logistic regression analysis was conducted to examine the association between MIPD and clinical
prognostics and adjusted age, GCS at admission, hematoma volume, time from admission to surgery and surgery
procedure during time.

Statistical analysis was performed with the IBM SPSS Statistics, Version 26.0 program. Figures were drawn with
the use of Excel software 2019 (Microsoft). Statistical significance was defined as p < 0.05 (two-tailed).

Result

Clinical characteristic

A total of 481 consecutive patients with sICH in the basal ganglia region were enrolled in our study. 300 patients
were male, and ages ranged from 28 to 90 years, with a median of 62 years (IQR 54-69). Among those patients, 146
patients received craniotomy, 211 patients underwent MIPD, and 124 patients were managed with conservative
treatment. Patients who underwent conservative treatment were observed to have higher GCS scores, smaller
hematoma volumes and lower systolic blood pressure at admission compare to both the craniotomy and MIPD
groups (in Table 1). Compared with craniotomy group, patients in the MIPD group had a high proportion of
diabetes and current smoking, a smaller hematoma volume, a longer time from symptom onset to admission and
a shorter surgical procedure duration.
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Table 1. Baseline characteristics.

Craniotomy (n = 146) MIPD (n = 211) Conservative P Py P.
treatment (n = 124)

Demographics

Age, years, median (IQR) 61 (54-68) 62 (54-69) 63 (55-70) 0.13 0.47 0.31
Male, n (%) 97 (66.44) 133 (63.03) 70 (56.45) 0.09 0.23 0.51
Disease history, n (%)
Hypertension 98 (67.12) 151 (71.56) 89 (71.77) 0.41 0.97 0.37
Diabetes 8(5.48) 26 (12.32) 9 (7.26) 0.55 0.14 0.03
Coronary heart disease 6 (4.11) 15(7.11) 8 (6.45) 0.39 0.82 0.24
Current smoking 13 (8.90) 36 (17.06) 16 (12.90) 0.29 0.31 0.03

Clinical features

GCS score at admission, median (IQR) 9(6-11) 9(7-11) 10 (8-12) <0.001 <0.001 0.32
GCS score at admission degree, n (%) 0.01 0.01 0.94
3-8 66 (45.21) 94 (44.55) 34 (27.42)

9-12 57 (39.04) 86 (40.76) 61 (49.19)
13-15 23 (15.75) 31(14.69) 29 (23.39)

ICH volume, median (ml) 49.50 (40.00-60.00) 34.00 (27.00-40.00) 26.00 (22.00-30.00) <0.001 <0.001 <0.001

ICH volume > 30 (ml) 130 (89.04) 142 (67.30) 41 (33.06) <0.001 <0.001 <0.001

Blood pressure at admission, median (IQR)
Systolic BP (mm Hg) 179 (158-190) 171 (155-189) 160 (145-174) <0.001 <0.001 0.37
Diastolic BP (mm Hg) 98 (88-107) 96 (86-108) 91 (83-100) 0.004 0.02 0.50

Time variables, median (IQR)

Time from onset to admission (h) 3.00 (2.00-5.00) 4.00 (3.00-7.00) 4.00 (3.00-7.00) 0.001 0.40 0.003
Time from admission to surgery (h) 3.00 (2.00-7.00) 15.30 (6.00-29.10)  NA NA NA <0.001
Surgery procedure during time (m) 180.00 (120.00-300.00) 31.00 (30.00-60.00) NA NA NA <0.001

P,, craniotomy vs conservative treatment.

Py, MIPD vs conservative treatment.

Pc, craniotomy vs MIPD.

BP: Blood pressure; GCS: Glasgow Coma Scale; ICH: Intracranial hemorrhage; IQR: Interquartile range; MIPD: Indicated minimally invasive puncture and drainage;
NA: Not applicable.

Functional outcomes

Figure 1 illustrates the distribution of mRS at both 3 months and 1 year. The proportion of primary outcome
was more frequent in patients who underwent conservative treatment and MIPD than in those who underwent
craniotomy (41.94% vs 35.41% vs 23.24%, P (conservative treatment vs craniotomy) <0.001, P (MIPD vs
craniotomy) = 0.02) (in Table 2). Patients who received conservative treatment and MIPD were significantly more
likely to achieve a favorable outcome at the 1-year follow-up compared with those in the craniotomy group (62.10%
vs 51.67% vs 35.92%, P [conservative treatment vs craniotomy] <0.001, 2 [MIPD vs craniotomy] = 0.004). No
significant differences were observed between the MIPD and conservative treatment groups in favorable outcome
and excellent outcome at 3 months and 1 year. The mortality rates at 3 months were 21.77%, 25.84% and 24.65%
for conservative treatment, MIPD and craniotomy, respectively. At 1 year, the rates were 24.19, 31.58 and 30.99%
for the same treatments. No significant differences in mortality were observed among the three groups. There were
no significant differences in the rate of postoperative hemorrhage among the three groups (craniotomy: 1.30%,
MIPD: 2.67%, conservative treatment: 3.57%; p > 0.05).

IPTW-adjusted model (Table 3), we also assessed treatment effects on clinical outcomes. Compared with cran-
iotomy, both MIPD (odds ratio (OR) = 3.730, 95% CI = 2.216-6.507, p < 0.001) and conservative treatment
(OR =2.796, 95% CI = 1.524-5.231, p = 0.001) were significantly associated with favorable 3-month outcomes.
Compared with craniotomy, both MIPD and conservative treatment had significant associations with favorable
and excellent functional outcomes at 1 year. However, no significant associations were observed between treat-
ment groups and mortality at either short- or long-term follow-up. Furthermore, we explored pairwise treatment
comparisons (MIPD vs conservative treatment, MIPD vs craniotomy and conservative treatment vs craniotomy)
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Distribution of modified Rankin Scale score
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Figure 1. Distribution of treatment effects on the modified Rankin scale at 3-month and 1-year follow-up.

The distribution of scores for disability on the modified Rankin scale at 3 months (A) and 1 year (B) was displayed
according to treatment group.

MIPD: Indicated minimal invasive puncture and drainage.

for associations with short- and long-term clinical outcomes using univariate and multivariate logistic regression

models (Supplementary Tables 1-3).

Sensitivity analysis
Our stratified analyses suggest that MIPD and conservative treatment may be associated with favorable outcomes
in patients with smaller hematoma volumes (20-30 ml), longer time to admission (>4 h), or higher GCS scores
at admission. In contrast, among patients with hematoma volumes >30 ml or higher GCS scores, only MIPD
appeared to show an association with favorable outcomes, whereas conservative treatment did not. (Table 4).
Hematoma volume was a decisive factor for treatment selection, therefore, our study focused on analyzing clinical
prognosis in patients with hematoma volume over 30 ml.

The baseline characteristics of patients with hematoma volume over 30 ml were presented in Supplementary
Table 4, which indicated that patients who underwent MIPD had higher rates of smoking, smaller hematoma

&Becaﬂm 10.57264/cer-2025-0097



Research Article

Tang, Liu, Gao, Gao, Zhang & Guo

Table 2. Comparison the clinical outcomes of basal ganglia hematoma in craniotomy, minimally

invasive puncture and drainage and conservative treatment groups.

Craniotomy  MIPD (n=211) Conservative P, Py P.

(n = 146) treatment (n = 124)
GCS score at discharge, median (IQR) 12 (9-14) 12 (9-15) 14 (11-15) 0.003 0.03 0.49
GCS score at discharge degree, n (%) 0.01 0.07 0.49
3-8 32 (22.07) 49 (23.22) 25 (20.16)
9-12 49 (33.79) 59 (27.96) 23 (18.55)
13-15 64 (44.14) 103 (48.82) 76 (61.29)
mRS score at discharge, median (IQR) 4 (3-4) 4 (3-5) 4 (3-5) 0.11 0.71 0.17
Excellent outcome at discharge, n (%) 12 (8.22) 15(7.11) 6 (4.84) 0.27 0.41 0.70
Favorable outcome at discharge, n (%) 55 (37.67) 65 (30.81) 34 (27.42) 0.07 0.51 0.18
Mortality in hospital, n (%) 1(0.68) 6 (2.84) 3(2.42) 0.34F >0.99 0.25
mRS score at 3 months, median (IQR) 4 (4-5) 4 (3-6) 4 (3-5) 0.001 0.30 0.02
Excellent outcome at 3 months, n (%) 10 (7.04) 28 (13.40) 12 (9.68) 0.44 0.31 0.06
Favorable outcome at 3 months, n (%) 33(23.24) 74 (35.41) 52 (41.94) <0.001 0.24 0.02
Mortality within 3 months, n (%) 35 (24.65) 54 (25.84) 27 (21.77) 0.58 0.40 0.80
mRS score at 1 year, median (IQR) 4 (3-6) 3 (2-6) 3(2-5) <0.001 0.20 0.02
Excellent outcome at 1 year, n (%) 19 (13.38) 58 (27.75) 37 (29.84) 0.001 0.68 0.001
Favorable outcome at 1 year, n (%) 51 (35.92) 108 (51.67) 77 (62.10) <0.001 0.06 0.004
Mortality within 1 year, n (%) 44 (30.99) 66 (31.58) 30 (24.19) 0.22 0.15 0.91

P, craniotomy vs Conservative treatment; Py, MIPD vs conservative treatment; and P, craniotomy vs MIPD.
Tindicated the comparison between two groups using Fisher's exact test.
GCS: Glasgow Coma Scale; IQR: Interquartile range; MIPD: Indicated minimally invasive puncture and drainage; mRS: Modified Rankin Scale.

Table 3. Association of craniotomy, minimally invasive puncture and drainage and conservative

treatment with clinical outcomes in inverse probability treatment weighting model.

Craniotomy MIPD p-value Conservative treatment p-value

OR (95% CI) OR (95% CI) OR (95% CI)
GCS score at discharge Reference 0.705 (-0.128 to 1.538)" 0.10 -0.260 (-1.251 to 0.731)T 0.61
GCS score at discharge degree Reference 0.690 (0.471-1.010)% 0.06 1.176 (0.736-1.879)f 0.50
mRS score at discharge Reference 1.347 (0.921-1.972)% 0.13 0.712 (0.450-1.125)% 0.15
Excellent outcome at discharge Reference 0.998 (0.449-2.299)% 0.99 0.437 (0.108-1.377)8 0.19
Favorable outcome at discharge Reference 1.451 (0.913-2.333)8 0.12 0.894 (0.494-1.598)5 0.71
Mortality in hospital Reference 1.026 (0.252-4.731)8 0.97 1.140 (0.196-6.019)8 0.88
mRS score at 3 months Reference 2.090 (1.442-3.037)% <0.001 1.207 (0.769-1.892)* 0.41
Excellent outcome at 3 months Reference 2.379 (1.159-5.303)8 0.02 1.148 (0.424-3.027)8 0.78
Favorable outcome at 3 months Reference 3.730 (2.216-6.507)8 <0.001 2.796 (1.524-5.231)8 0.001
Mortality within 3 months Reference 0.795 (0.498-1.274)8 0.33 1.578 (0.935-2.668)° 0.09
mRS score at 1 year Reference 1.966 (1.358-2.853)F <0.001 1.275 (0.814-1.995)F 0.29
Excellent outcome at 1 year Reference 3.947 (2.187-7.553)8 <0.001 2.809 (1.407-5.791)8 0.004
Favorable outcome at 1 year Reference 3.068 (1.962-4.866)% <0.001 2.409 (1.427-4.102)8 0.001
Mortality within 1 year Reference 0.820 (0.524-1.287)8 0.39 1.368 (0.819-2.289)8 0.23

IPTW model taking the following variables into account: age, sex, current smoking, diabetes, GCS score at admission, intracranial hemorrhage volume, SBP
and time from onset to admission.

TThe B values were estimated from a linear regression.

£The common odds ratios were estimated from a ordinal logistic regression.

SThe ORs were estimated from a binary logistic regression.

Cl: Confidence interval; MIPD: Indicated minimally invasive puncture and drainage; GCS: Glasgow Coma Scale; mRS: Modified Rankin Scale; NA: Not applicable;
OR: Odds ratio.

volume, longer time from symptom onset to admission and shorter time for surgical procedure than craniotomy
group. According to the following-up data, the distribution of mRS is also shown in Figure 2.
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Table 4. Sensitivity analysis of the association between treatment groups and favorable outcomes at

3-month using inverse probability treatment weighting models.

Craniotomy MIPD Conservative treatment
OR (95% Cl) p-value OR (95% Cl) p-value

ICH volume (ml) Reference

20-30 Reference 4.376 (1.806-11.914) 0.002 4.902 (1.859-14.233) 0.002

>30 Reference 2.119 (1.186-3.886) 0.01 1.168 (0.550-2.447) 0.68
Time from onset to admission (h) Reference

0-4 Reference 1.741 (0.948-3.270) 0.08 1.012 (0.467-2.158) 0.97

>4 Reference 5.466 (2.383-14.100) <0.001 5.525 (2.156-15.498) 0.001
GCS score at admission Reference

0-9 Reference 3.264 (1.669-7.762) 0.001 1.515 (0.594-3.889) 0.38

9-15 Reference 2.205 (1.136-4.398) 0.02 2.766 (1.262-6.196) 0.01

IPTW model taking the following variables into account: age, sex, current smoking, diabetes, GCS score at admission, intracranial hemorrhage volume, SBP
and time from onset to admission.
Cl: Confidence interval; GCS: Glasgow Coma Scale; ICH: Intracranial hemorrhage; MIPD: Indicated minimally invasive puncture and drainage; OR: Odds ratio.

The MIPD group showed the advantage of achieving a favorable outcome at 3 months (37.32 vs 25.98%,
p = 0.05) and 1 year (52.82 vs 40.16%, p = 0.04) (Table 5). Multivariate logistic regression analysis suggested
that MIPD was associated with favorable outcome (odds ratio [OR] = 2.255; 95% CI = 1.172-4.342, p = 0.02)
at 3 months and excellent outcome (OR = 2.191; 95% CI = 1.023—4.689, p = 0.04) at 1 year. IPTW model
supported that the association between MIPD and favorable outcome was significant at 3 months and 1 year.
However, mortality rates within 3 months and 1 year, discharge GCS score and discharge mRS score were similar
between the MIPD and craniotomy groups.

Discussion

Our study performed an analysis of three treatments for patients with sSICH in the basal ganglia region, which
supported that MIPD and conservative treatment resulted in better functional outcome at 3 months and 1 year
than craniotomy. Nevertheless, the short-term and long-term mortality rates were similar between the craniotomy,
MIPD and conservative treatment groups. The advantages of MIPD over craniotomy seemed to be associated to
treating patients with a basal ganglia hematoma of 30 ml or more. It is worth noting that the outcomes associated
with craniotomy should be interpreted with caution, as they may in part reflect the more severe clinical presentation
at baseline rather than the procedure per se. In the participating hospitals, craniotomy for hematoma evacuation was
commonly performed in combination with decompressive craniectomy; therefore, our results should be understood
as reflecting this combined approach rather than craniotomy alone. To our knowledge, sICH is recognized as a
devastating event associated with significantly high rates of mortality and disability [3,6,1¢]. Craniotomy and
conservative treatment are still the main treatments for patients suffering from sICH in many hospitals. Minimally
invasive surgery, a novel treatment, has been demonstrated to effectively evacuate hematomas [8,17,18]. Removing
hematoma at the acute period is vital to reduce mortality and improve long-term quality of life for patients with
sICH. The STICH randomized trial failed to illustrate the hypothesized superiority of conventional surgery over
conservative treatment [3]. Additionally, the STICH II trial demonstrated that early surgery did not increase the
rate of favorable outcome and mortality at 6 months [6]. The core surgical principle for managing hemorrhagic
hematoma patients involves achieving effective hematoma evacuation while minimizing iatrogenic brain tissue
injury. Conventional surgery can effectively remove hematoma and control bleeding while healthy brain tissue
is damaged during the process. Instead, minimally invasive surgery is considered as the alternative approach for
hematoma. Recently, the ENRICH trial supported that patients with lobar hematoma could get benefits from
minimally invasive surgery at the 6-months follow-up (9. However, the benefit for basal ganglia hematoma was not
significant in the trial. The clinical prognosis of SICH was associated with the hematoma volume and location [19].
Our study, focusing on basal ganglia hematoma, also observed that MIPD was not superior to conservative
treatment, which were consistent with MISTIE III trial 8. One plausible explanation is that patients presenting
with large-volume hematoma were more likely to undergo surgical hematoma evacuation. The proportion of
hematoma volume over 30 ml was lower in conservative treatment than in craniotomy and MIPD (33.06% vs
89.04% vs 67.30%, p < 0.001) in our study. To explain the problem clearly, we conducted an analysis in those
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Figure 2. Distribution of minimal invasive puncture and drainage and craniotomy for hematoma of 30 ml or more
on the modified Rankin scale at 3 months and 1 year. The modified Rankin scale distribution (A) at 3 months and (B)

1 year showed the benefits of MIPD for basal ganglia hematomas larger than 30 ml.
MIPD: Indicated minimal invasive.

patients with hematoma volume of 30 ml or more. Results indicated the proportion of favorable outcome at

short-term and long-term was comparable, while the mortality seems to be low in patients underwent MIPD
compared with the conservative treatment group, although the difference did not arrival at the threshold value
(Supplementary Table 2). The discrepancies may be reasonably attributed to the limited sample size and substantial

heterogeneity in hematoma volumes.

Besides, some studies have demonstrated minimally invasive surgery could result in a better outcome compared
with craniotomy [5,201. Higher rates of favorable outcome at 3 months and 1 year were found in our study.
Conventional craniotomy causes considerable trauma to the brain tissue [21]. And the shortcomings of craniotomy
included general anesthesia, long duration of surgery, and damage to the functional area due to electrocoagulation.
The MIPD procedure demonstrates a substantially reduced level of invasiveness in brain tissue manipulation relative

to craniotomy [17,22]. MIPD procedures can be successfully performed under local anesthesia, typically requiring

approximately 30 min or less to complete [23]. Further, previous literature reported patients underwent MIPD

with small blood loss and less occurrence of epilepsy [5,7). Minimizing complications of hematoma evacuation may

improve the functional outcome in patients with sSICH.
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The mortality was similar among the craniotomy, MIPD and conservative treatment groups based on our study
follow-up. By comparison with conservative treatment, STICH (3] and STICH 1II (6] trials have revealed that
craniotomy did not increase the rate of mortality at 6 months. The MISICH trial (18] also insisted that craniotomy
has not increased the risk of long-term mortality. Craniotomy for hematoma evacuation is a vital life-saving
approach, especially in patients with large-volume hematomas, altered levels of consciousness due to midline shift,
or hematoma expansion. The open surgical technique remains the common approach for large-volume hematoma
evacuation, as it provides exhaustive exposure of the hematoma cavity and facilitates complete evacuation. Albeit,
craniotomy may result in severe damage to healthy brain tissue and can be effective in removing hematomas and
controlling active bleeding sites.

The limitation of our work needs to be considered. First, a retrospective nature of the study could cause
inevitable selective bias. Given the retrospective design and unavoidable selection bias, our conclusions must be
interpreted with caution. Future prospective, multicenter randomized controlled trials are warranted to validate
and strengthen our findings. Second, the results of conservative treatment should be interpreted with caution due
to the small number of patients. Third, those data were not collected, including residue hematoma, anesthetic time,
blood loss, pulmonary infection and epilepsy. In addition, prior studies (e.g., Delcourt ez a/.) have highlighted the
prognostic importance of specific anatomical involvement, particularly the posterior limb of the internal capsule
and thalamus [24. However, our cohort included larger hematomas, where deep structural boundaries were often
obscured on retrospective imaging, precluding reliable stratification. This limitation underscores the need for future
studies using advanced, high-resolution imaging to clarify the prognostic role of key anatomical sites in basal ganglia
hemorrhage. Fourth, the generalizability of our findings is limited due to carrying out the study at three centers.
Fifth, data on survival time were not available during the follow-up period of our study.

Conclusion

The retrospective study demonstrated that, compared with craniotomy, MIPD and conservative treatment were
associated with the short-term and long-term favorable outcome of patients with sICH in the basal ganglia region.
In patients with a basal ganglia hematoma of >30 ml, MIPD was associated with a higher likelihood of achieving
favorable outcomes at both 3 months and 1 year when compared with craniotomy. The mortality was similar among
the craniotomy, MIPD and conservative treatment groups. These findings should be interpreted with caution, as the
possibility of residual confounding and bias cannot be fully excluded. Validation through well-designed prospective
randomized controlled trials will be essential.

Summary points

e This study included 481 patients with basal ganglia hemorrhage who underwent craniotomy, minimally invasive
puncture and drainage (MIPD), or conservative treatment, and compared the efficacy of the three methods.

e At the 3-month follow-up, the favorable outcome rate (modified Rankin scale 0-3) was 41.9% in the conservative
group and 35.4% in the MIPD group, both superior to 23.2% in the craniotomy group.

e At the 1-year follow-up, the advantage persisted: 62.1% in the conservative group and 51.7% in the MIPD group,
both superior to 35.9% in the craniotomy group.

e In patients with large hematomas (=30 ml), MIPD showed significantly better outcomes than craniotomy: 37.3
versus 26.0% at 3 months, and 52.8 versus 40.2% at 1 year.

e Mortality rates did not differ significantly among the three groups: approximately 22-26% at 3 months and
24-32% at 1 year.

e Craniotomy may cause greater damage to brain tissue, leading to worse functional recovery compared with
minimally invasive and conservative treatment.

e MIPD achieves effective hematoma evacuation while minimizing trauma, showing clear advantages especially in
patients with large hematomas.

e MIPD or conservative treatment showed a potential association with better outcomes than conventional
craniotomy and could be regarded as important treatment alternatives for basal ganglia hemorrhage.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: https://becarispublishing.com/doi/
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