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ABSTRACT

Introduction: Corticospinal tract injury caused
by direct hematoma compression and sec-
ondary damage induced from blood toxic sub-
stances might influence the outcomes in
patients with intracerebral hemorrhage (ICH).
This study aimed to evaluate the safety and
efficacy of hematoma evacuation via image-
guided para-corticospinal tract approach based
on the protection of compressed or residual
corticospinal tract.
Methods: Seventy-five patients with ICH who
underwent the image-guided para-corticospinal
tract approach were retrospectively collected
into the surgery group. Diffusion tensor imag-
ing or computed tomography angiography was
performed to identify the relationship between
important white matter tracts and hematoma.
The neuronavigation system for the preopera-
tive imaging data loaded was used to identify
the location of the burr hole, insertion trajec-
tory, and depth of insertion. Cortical entry

points and insertion trajectories were kept par-
allel to the corticospinal tract route into the
hematoma based on the protection of com-
pressed or residual corticospinal tract. Hema-
toma was removed under the image-guided
para-corticospinal tract approach. Seventy-five
age-, sex-, hematoma site-, and volume-mat-
ched patients with ICH who underwent con-
servative treatment were selected as controls.
Demographical, clinical, radiological, and
treatment-related data were retrospectively
analyzed. Functional outcome was evaluated by
modified Rankin scale on day 90.
Results: A total of 150 patients with ICH were
retrospectively enrolled. The median Glasgow
coma scale (GCS) score on admission was 11
(IQR 8–13). Deep hematoma (thalamus and
basal ganglion) was present in 86.7% (130
patients). The mean hematoma volume on
admission was 47 ± 19 mL, and the postopera-
tive hematoma volume was 11 ± 10 mL. A
higher proportion of favorable outcome was
observed in the surgery group than in conser-
vative treatment group (32.0% versus 17.4%;
p = 0.037).
Conclusion: Hematoma evacuation via image-
guided para-corticospinal tract approach based
on the protection of compressed or residual
corticospinal tract seems to be safer in patients
with ICH with a relatively higher functional
independence.
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Key Summary Points

Why carry out this study?

The most common site of intracerebral
hemorrhage (ICH) (approximately 80%) is
the basal ganglia, and corticospinal tract
(CST) is the main descending fiber bundle
of posterior limbs of internal capsule that
pivotally maintains motor function.
Hence, it is important to explore methods
for protecting the compressed or
remaining CST after ICH.

The aim of the study was to evaluate the
safety and efficacy of hematoma
evacuation via image-guided para-
corticospinal tract approach based on the
protection of compressed or residual
corticospinal tract. To date, there are
fewer studies that evaluate the safety and
efficacy of the approach.

What was learned from the study?

It suggests that the hematoma evacuation
via image-guided para-corticospinal tract
approach based on the protection of
compressed or residual corticospinal tract
seems to be safe in patients with ICH with
a relatively higher functional
independence.

Additionally, the pragmatic use of
hematoma evacuation via image-guided
para-corticospinal tract approach could
serve as a recommended therapeutic
method for patients with ICH.

INTRODUCTION

Spontaneous intracerebral hemorrhage (ICH)
remains the poorest prognosis subtype of stroke
[1], with independency rates of between 12%

and 39% at 6 months [2]. To date, the optimal
treatment is still not well established for these
patients [2]. The role of surgical and medical
treatment remains controversial [3, 4], as recent
prospective randomized clinical trials have
failed to demonstrate a definitive benefit for
hematoma removal with conventional cran-
iotomy procedures compared to initial conser-
vative management [5, 6]. Several reasons
accounting for the failure of these trials have
been forwarded [7, 8]. Among them, clot evac-
uation via open craniotomy is believed to bring
iatrogenic insults to the brain which might
influence the outcomes of patients with ICH [8].
Minimally invasive methods of hematoma
evacuation seem to be a promising approach in
improving outcomes and survival in patients
with ICH [9–13]. However, minimally invasive
catheter evacuation followed by thrombolysis
does not improve the prognosis compared with
standard medical care for moderate to large
intracerebral hemorrhage [14]. Meanwhile,
recent studies have indicated that corticospinal
tract (CST) integrity is a determinant in func-
tional recovery for patients with ICH [15–17].
CST injury caused by direct hematoma com-
pression and secondary damage induced from
blood toxic substances may be one reason for
unfavorable outcomes [18], suggesting that the
relationship between hematoma and CST is an
important factor to be considered when evacu-
ating hematoma. Taking an individual
approach to protect the compressed or residual
CST is very important to improve the functional
outcome [19, 20]. Accordingly, exploring
approaches to the hematoma based on the
spatial relationship between hematoma and
CST is another minimally invasive strategy for
patients with ICH. The aim of the study is to
evaluate the safety and efficacy of hematoma
evacuation via image-guided para-corticospinal
tract approach based on the protection of
compressed or residual corticospinal tract in our
institute.
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METHODS

Patients

Ethics approval was obtained from the Ethics
Committee of the Southwest Hospital of Third
Military Medical University (approval no.
2017niankeyandi58hao). A consecutive series of
75 patients with spontaneous ICH underwent
hematoma evacuation via image-guided para-
CST approach was retrospectively collected into
the surgery group from January 7, 2013 to
November 14, 2020. Candidates in the conser-
vative treatment group were selected from the
patients whose legal guardian refused to allow
surgical treatment after informed consent. Age
(± 5 years)-, sex-, hematoma site-, and volume
(± 5 mL)-matched patients with ICH who
underwent conservative treatment were selec-
ted as controls (1:1 match). Eligible patients
with ICH with a stable supratentorial volume
of greater than 25 mL calculated by two expe-
rienced doctors, with minimal or no intraven-
tricular extension, were included. Patients with
Glasgow coma scale (GCS) score B 4, apparent
signs of brain herniation (bilateral fixed, dilated
pupils, etc.), infratentorial hemorrhage, aneur-
ysm, vascular malformation, tumor, head
trauma, or anticoagulant-associated pathogen-
esis were restricted from enrollment. Pregnant
women were also excluded from this study.

All patients were admitted to a neurosurgical
intensive care unit, and initiated early man-
agement according to guidelines [21]. In order
to reduce the risk of hematoma expansion or
postoperative rebleeding, systolic blood pres-
sure was maintained at less than 140 mmHg.
Patients received physiotherapy from admission
to discharge, and rehabilitative treatments were
organized for each patient according to the
neurologic function after discharge [22].

Clinical Data

Medical records were examined, and patients or
their family members were interviewed to col-
lect clinical data. Demographic data included
sex, age, smoking history, drinking history, and
medical history (hypertension, diabetes

mellitus, coronary artery disease, and history of
stroke). Clinical features on admission includ-
ing blood pressure, GCS score, National Insti-
tute of Health stroke scale (NIHSS) score, and
time to admission were also analyzed. Radio-
logical data including ICH volumes (hematoma
volume measured via semi-automated
planimetry method) [14], hematoma location,
and intraventricular hemorrhage were deter-
mined by two experienced doctors who were
blinded to the research. The surgical data com-
prised time to surgery, bleeding during surgery,
time of surgery, clot clearance rate, and reop-
eration. Treatment-related data (the intracranial
pressure [ICP; recorded every 2 h for 5 days] and
complications [pneumonia, hydrocephalus,
gastrointestinal bleeding, hematoma expan-
sion, intracranial infection, seizures]) was
selected according to the medical records.
Functional outcome, performed by a designated
neurologist who was blinded to the primary
outcome, was evaluated on day 90. Follow-up
was performed by a face-to-face interview or
telephone call. The functional outcome was
measured by modified Rankin scale (mRS) [14].
Poor outcomes were defined as mRS grade 4–6
(mRS 4 = moderately severe disability;
mRS 6 = dead).

Surgical Procedures

For all patients that received surgery, diffusion
tensor imaging (DTI; repetition time, 5000 ms;
echo time, 92 ms; motion probing gradient
(MPG), 30 axes; b value, 0, 1000 s/mm2; matrix,
128 9 128; number of excitations (NEX), 1;
slice thickness/interleaved, 4 mm) was per-
formed using a 3-T magnetic resonance image
(MRI) system (SIEMENS Magnetom Trio a Tim
3.0 T, Erlangen, Germany) if the conditions
allowed after acquiring computed tomographic
angiography (CTA) scans. If an MRI was not
feasible because of magnetic substances in
patients with ICH or because the MRI scan
might delay appropriate management, trajec-
tory planning was abandoned. CTA (120 kVp;
600 mA; section thickness, 0.625 mm) was per-
formed with a 128-slice multidetector CT scan-
ner (SIEMENS Somatom Volume Zoom,
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Erlangen, Germany). A total of 80 mL of non-
ionic contrast medium (Visipaque 320; GE
Healthcare) was injected through the antecu-
bital vein at a rate of 4–4.5 mL/s. The location of
important white matter tracts can be inferred
from the CT on the basis of the relationship
between hematoma and CST when necessary
[23–25].

Under general anesthesia, the patient was
placed in a supine position and the head was
fixed with a Mayfield headholder. Preoperative
imaging data were loaded into the neuronavi-
gation system (StealthStation7 Navigation Sys-
tem, Medtronic Inc., Minneapolis, MN, USA). A
3D reconstruction of the hematoma using this
system was determined using the CT or MRI
scans to design the location of the burr hole,
insertion trajectory, and depth of insertion
during the operative procedures. Cortical entry
points and insertion trajectories were kept par-
allel to the CST route into the hematoma based
on the protection of compressed or residual
corticospinal tract (Fig. 1). After the scalp was
shaved and prepared in the routine sterile
fashion, cranial landmarks were registered with
the Stealthstation7 navigation system. Then, an
incision was made in the scalp, consistent with

the planned surgery trajectory. An ipsilateral
frontal hole was created. Subsequently, the dura
was opened, and the pia was dissected along the
sulcus of interest. Endoscopic or microscopic
surgery, depending on the availability of neu-
roendoscope or microscope, was introduced
into the sulcus under navigation guidance and
parallel to the CST into the hematoma along
the trajectory. To ensure the accuracy, the sur-
geon should navigate from the entry point to
the target by viewing axial, coronal, and sagittal
images simultaneously to ensure that the navi-
gating tool was on target in all three planes.
Intracranial pressure (ICP) is measured by use of
an ICP monitoring device (Codman, Johnson
and Johnson Medical Ltd, Raynhan, MA) inser-
ted into the brain parenchyma or cerebral
ventricles.

Statistical Analysis

Demographical, clinical, radiological, and
treatment-related data of all enrolled patients
were retrospectively collected. Continuous
variables were analyzed using Student’s t test or
nonparametric test. Categorical variables were
analyzed using the chi-square (v2) test or

Fig. 1 Illustration of the para-CST approach for hematoma evacuation when the CST is located a outside or b inside the
hematoma. CST corticospinal tract
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continuity correction test. Significant variables
(p\ 0.2) were entered into the multivariable
analysis (binary logistic regression model) to
evaluate factors for favorable outcome of
patients with ICH. Pearson test was used to
analyze the correlation between the postopera-
tive hematoma volume and NIHSS score at
3 months. All statistical tests were two-sided,
and a p\0.05 was considered to be statistical
significant. Statistical analyses were performed
using SPSS software for Windows (version 22.0,
Inc., Chicago, IL).

RESULTS

Baseline Characteristics

Seventy-five patients with ICH who underwent
the image-guided para-corticospinal tract
approach were retrospectively collected into the
surgery group between January 7, 2013 and
November 14, 2020. The patients in the con-
servative treatment group comprised 75 age-,
sex-, hematoma site-, and volume-matched

Table 1 Demographical data of the 150 patients with ICH

Surgery group (n = 75) Conservative treatment group (n = 75) p

Age, years, mean ± SD 58 ± 13 58 ± 13 0.970

Male, n (%) 57 (76.0) 57 (76.0) 1.000

Time to admission, h, median (IQR) 10 (6, 24) 10 (6, 24) 0.687

Medical history, n (%)

Hypertension 55 (73.3) 64 (85.3) 0.070

Diabetes mellitus 5 (6.7) 11 (14.7) 0.113

Coronary artery disease 4 (5.3) 8 (10.7) 0.229

History of stroke 16 (21.3) 16 (21.3) 1.000

Smoking 26 (34.7) 16 (21.3) 0.069

Drinking 24 (32.0) 31 (1.3) 0.236

Clinical features

Systolic BP, mmHg, mean ± SD 173 ± 27 173 ± 29 0.986

Diastolic BP, mmHg, mean ± SD 94 ± 15 97 ± 16 0.227

GCS score, median (IQR) 11 (8, 13) 11 (8, 13) 0.792

NIHSS score, mean ± SD 14 ± 7 14 ± 7 0.741

Characteristics of hematomas

Site, n (%) 1.000

Deep 65 (86.7) 65 (86.7)

Lobar 10 (13.3) 10 (13.3)

Volume, mL, mean ± SD 47 ± 17 47 ± 18 0.835

Extension to ventricles, n (%) 27 (36.0) 21 (28.0) 0.294

ICH intracerebral hemorrhage, IQR Interquartile range, SD standard deviation, BP blood pressure, GCS Glasgow coma
scale, NIHSS National Institute of Health stroke scale
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candidates that were selected from the conser-
vative therapeutic patients. The mean age was
59 ± 13 years, and 114 (76.0%) patients were
male. The GCS score on admission was 11 (8,
13). The NIHSS score on admission was 14 ± 7.
The mean hematoma volume was 47 ± 19 mL,
and 130 (86.7%) patients had a deep hematoma
(Table 1).

Treatment

Neuronavigation was used in 100% of the cases.
A total of 22 patients received MRI scan, and 53
patients received CT scan before surgery. The

postoperative volume of hematoma was
11 ± 10 mL. The postoperative ICH volume was
not associated with functional outcome
(p = 0.094), and the outcome in the group of
postoperative ICH volume less than 15 mL was
not better than that of postoperative ICH vol-
ume more than 15 mL at 3 months (p = 0.815).
The ICP data was available during 5 days after
operation. The mean ICP was less than
15 mmHg every day and the peak of mean ICP
was 12 mmHg on day 2. Four (5.3%) patients
needed reoperation because of brain edema and
symptomatic brain bleeding after surgery
(Table 2).

Table 2 Surgical data of the 75 patients with ICH

Surgery group (n = 75)

Treatment variables

Time to surgery, h, median (IQR) 21 (13, 40)

Surgery within 12 h from ictus, n (%) 15 (20.0)

Surgery within 24 h from ictus, n (%) 43 (57.3)

Bleeding during surgery, mL, mean ± SD 308 ± 208

Time of surgery, h, mean ± SD 3 ± 2

External ventricular drain, n (%) 5 (6.7)

ICP events monitored, n (%) 64 (85.3)

Postoperative ICH volume, mL, mean ± SD 11 ± 10

Postoperative ICH volume B 15 mL, n (%) 52 (69.3)

ICP of postoperative, mmHg, mean ± SD

Intraoperative 7 ± 4

Day 1 10 ± 5

Day 2 12 ± 5

Day 3 12 ± 4

Day 4 11 ± 4

Day 5 10 ± 4

Any ICP events C 20 mm Hg, n (%) 20 (31.3)

Any ICP events C 30 mm Hg, n (%) 3 (4.7)

Reoperation, n (%) 4 (5.3)

ICH intracerebral hemorrhage, IQR interquartile range, SD standard deviation, ICP intracranial pressure
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Outcomes

The modified Rankin scale (mRS) score at the
last follow-up was available for all patients. No
patients were lost on day 90 after surgery. A
total of 24 (32.0%) of 75 patients in the surgery
group and 13 (17.4%) of 75 patients in the
conservative treatment group had an mRS score
of 3 or less at 90 days after ICH (p = 0.037). The
surgery group exhibited a lower death rate, but

there was no significant difference (14.7% ver-
sus 25.3%; p = 0.102) (Table 3). Among them,
115 (76.7%) patients suffered from pneumonia,
which was the major complication. The rates of
occurrence of other complications such as
hydrocephalus, hematoma expansion, intracra-
nial infection, and seizures in the surgery group
were 5.3%, 24.0%, 2.7%, and 6.7%, respectively
(Table 3).

Table 3 Outcomes and complications

Surgery group (n = 75) Conservative treatment group (n = 75) p

Primary outcome

Favorable (mRS = 1–3), n (%) 24 (32.0) 13 (17.4) 0.037

Unfavorable (mRS = 4–6), n (%) 51 (68.0) 62 (82.6)

Secondary outcomes

Died within 0–90 days, n (%) 11 (14.7) 19 (25.3) 0.102

Modified Rankin scale, n (%) 0.056

1 1 (1.3) 3 (4.0)

2 7 (9.3) 6 (8.0)

3 16 (21.4) 4 (5.3)

4 37 (49.3) 41 (54.7)

5 3 (4.0) 2 (2.7)

6 11 (14.7) 19 (25.3)

NIHSS score at 90 days, mean ± SD 14 ± 12 18 ± 15 0.029

Time in hospital, days, mean ± SD 27 ± 19 22 ± 28 0.292

Time in ICU, days, mean ± SD 12 ± 9 8 ± 18 0.119

Complications, n (%)

Hydrocephalus 4 (5.3) 5 (6.7) 1.000

Pneumonia 61 (81.3) 54 (72.0) 0.177

GI bleeding 7 (9.3) 6 (8.0) 0.772

Hematoma expansion 18 (24.0) 13 (17.3) 0.313

Intracranial infection 2 (2.7) 0 (0.0) 0.477

Seizures 5 (6.7) 1 (1.3) 0.211

ICH intracerebral hemorrhage, mRS modified Rankin scale, IQR interquartile range, SD standard deviation, NIHSS
National Institute of Health stroke scale, ICU intensive care unit, GI gastrointestinal
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Outcomes in Patients Who Underwent
MRI- or CT-Guided Para-CST Approach

Given that CT is a widely and rapidly available
technique for patients with ICH, the question
arises whether the CT-guided para-CST
approach could be used instead of MRI-guided
para-CST approach in clinical practice. To assess
and compare the safety and efficacy between
CT-guided para-CST approach and MRI-guided
para-CST method, we analyzed the characteris-
tics and outcomes of patients who underwent
MRI- or CT-guided para-CST approach. The

results demonstrated that patients who under-
went CT-guided para-CST approach had higher
age and a greater volume of hematoma. There
was no overt difference between hematoma
sites (Table 4). Compared to patients who
underwent CT-guided para-CST approach, the
proportion of patients with unfavorable func-
tional outcome was significantly decreased in
patients who underwent MRI-guided para-CST
approach at 3 months [mRS score 3–6 at
3 months was 13/53 (24.5%) for CT vs 11/22
(50.0%) for MRI; p = 0.031].

Table 4 Characteristics and outcomes of patients who underwent MRI- or CT-guided para-CST approach

MRI group (n = 22) CT group (n = 53) p

Age, years, mean ± SD 51 ± 10 61 ± 13 0.002

Male, n (%) 17 (77.3) 40 (75.5) 0.868

Time to imaging scan, h, median (IQR) 25 (11, 59) 9 (5, 19) 0.000

Site, n (%) 0.242

Deep 17 (77.3) 48 (90.6)

Lobar 5 (22.7) 5 (9.4)

Volume, mL, mean ± SD 40 ± 11 50 ± 18 0.003

Surgical data

Postoperative ICH volume, mL, mean ± SD 8 ± 8 12 ± 11 0.056

Reoperation, n (%) 3 (13.6) 1 (1.9) 0.134

Outcome

Favorable (mRS = 1–3), n (%) 11 (50.0) 13 (24.5) 0.031

Unfavorable (mRS = 4–6), n (%) 11 (50.0) 40 (75.5)

Died within 0–90 days, n (%) 3 (13.6) 8 (15.1) 0.779

NIHSS score at 90 days, mean ± SD 11 ± 13 15 ± 12 0.233

Complications, n (%)

Hydrocephalus 0 (0.0) 4 (7.5) 0.447

Pneumonia 15 (68.2) 47 (88.7) 0.072

Intracranial infection 0 (0.0) 2 (3.8) 0.891

Seizures 2 (9.1) 3 (5.7) 0.973

ICH intracerebral hemorrhage, mRS modified Rankin scale, IQR interquartile range, SD standard deviation, NIHSS
National Institute of Health stroke scale, CT computed tomography, MRI magnetic resonance imaging
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Predictors of Favorable Outcome
for Patients with ICH

Multivariate logistic regression analyses showed
that lower hematoma (p = 0.005), lower NIHSS
score (p = 0.000), lobar hemorrhage (p = 0.012),
and history of stroke (p = 0.004) were

independent predictors of favorable outcome
for patients with ICH. Hematoma evacuation
via image-guided para-corticospinal tract
approach was found to be a significant predictor
of favorable outcome for patients with ICH (OR
5.237, 95% CI 1.595–17.199, p = 0.006).

Fig. 2 Illustrative case of basal ganglia ICH in a previously
healthy 47-year-old woman. a Preoperative axial CT scan
without contrast. b Postoperative CT scan showing
complete hematoma evacuation. c Preoperative axial DTI
scan showing that the corticospinal tract was partially

interrupted. d Postoperative DTI scan showing the
recovery of a partially interrupted corticospinal tract.
ICH intracerebral hemorrhage, DTI diffusion tensor
imaging
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Illustrative Cases

A 47-year-old woman suffered from right limb
dysfunction. Basal ganglia intracerebral hemor-
rhage was detected on head CT scan (Fig. 2a).
The hematoma was completely evacuated
(Fig. 2b). The corticospinal tract was partially
interrupted on the DTI scan before surgery
(Fig. 2c). On day 90 post-injury, the patient
recovered and achieved an mRS score of 3. Fol-
low-up DTI on day 180 showed the recovery of a
partially interrupted corticospinal tract
(Fig. 2d).

DISCUSSION

ICH is a deadly disease which affects 2 million
people worldwide each year [1, 26]. The world’s
annual mortality rate is as high as 40–50%, with
60–80% of survivors suffering from residual
neurological dysfunction [2]. Thus far, no
effective treatments are available for patients
with ICH [2, 5]. The role of surgery in treating
patients with ICH still remains controversial
[3, 4]. Despite the progress of technology, early
surgery does not show better prognosis when
compared with initial conservative treatment
[5, 6]. In the STICH II trial, the mortality rate is
18% and the disability rate is 38% when the
hematoma is located in the cortex [6]. Iatro-
genic insults from clot evacuation via open
craniotomy might be a reason for the unsatis-
factory prognosis [7, 8]. Meanwhile, minimally
invasive surgery for the treatment of ICH has
been demonstrated to be a safe therapeutic
strategy in improving functional outcomes,
compared with conventional craniotomy
[9, 10, 12, 27–29]. These methods include
endoscopic removal, stereotactic evacuation, or
the injection of thrombolysis for clot dissolu-
tion [13, 27]. However, aspiration and throm-
bolytic irrigation of the hematoma with
alteplase via an image-guided catheter did not
improve functional outcomes, compared to
standard medical care in patients with large
intracerebral hemorrhage in the MISTIE III trial
[14]. The mortality and disability rates still
remain high, 19% and 36%, respectively [14].
The present study showed the mortality rate

was 14.7% and the disability rate was 53.3%.
The reason for high disability was that the rate
of death decreased along with the rate of
increasing disability, and the bleeding site was
mostly located in the deep brain. The rate of
deep bleeding was 65% in the MISTIE group of
the MISTIE III trial [14]. In our study, the rate of
deep bleeding was 86.7%. The mortality was
lower than that in the STICH I (37%), STICH II
(21%), and MISTIE III (19%) [5, 6, 14]. This
result showed that the treatment of ICH by
para-CST approach had some advantages, com-
pared with craniotomy and minimally invasive
surgery with thrombolysis.

CST integrity is a decisive factor in motor
recovery, and CST preservation is important for
motor recovery [15–17]. We found that a clear
difference between CST preservation and CST
interruption groups in terms of NIHSS score at
3 months [7 (IQR 3–10) vs 10 (IQR 10–14);
p = 0.021] [30]. Therefore, the approach is cru-
cial for the degree of fiber bundle damage and
postoperative motor function, especially for
deep hematomas. Traditional surgical methods
often choose the shortest path to the hema-
toma, such as the use of temporal lobe or frontal
lobe lateral cortex fistula, so the operation itself
may cause secondary fiber bundle damage.
Some studies show that minimally invasive
surgery for hematoma evacuation could reduce
the damage to CST [18, 20, 27]. The para-CST
approach protects the fiber bundle to the
greatest extent to avoid iatrogenic injury.
Patients who underwent hematoma evacuation
via image-guided para-CST approach exhibited
a better outcome than patients who underwent
conservative treatment group (p = 0.037). Two
reasons might contribute to the preservation of
compressed or residual corticospinal tract in
this approach. Firstly, the preoperative DTI
clarifies the direction of the fiber bundles and
the relationship between hematoma and fibers,
which is beneficial for protecting the com-
pressed or residual corticospinal tract. Preoper-
ative CTA scan identifies the important blood
vessels to reduce the risk of vessels injury. Sec-
ondly, intraoperative navigation guides the best
suitable path, which assists evacuation avenue
parallel to the CST entering into the hematoma.
Therefore, hematoma evacuation via image-
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guided para-CST approach is a potential strategy
for the treatment of patients with ICH. How-
ever, there are also some disadvantages. Only 22
patients received DTI scan because it was not
feasible or it would have delayed appropriate
management, and hence the CT scan was used
to navigate this condition [23–25, 31]. Patients
who underwent MRI-guided para-CST approach
had a better outcome than patients who
underwent CT-guided para-CST approach
(p = 0.031), but there is no difference between
mortality (p = 0.779). Some factors may have
contributed to this result. Patients who under-
went CT-guided para-CST approach had higher
age and a greater volume of hematoma
(p\ 0.05). There may be bias because of the
small number of cases and the characteristics of
this retrospective study.

Our approach also delineates a lower rate of
complications due to surgery. The rates of
reoperation, intracranial infection, and hydro-
cephalus were 5.3%, 2.7%, and 5.3%, respec-
tively. The results indicated that the surgical
method was safe. A limitation of our study was
the small sample size of patients that limits the
extension to a broader population. Thus, a
prospective, multicenter, randomized trial
needs to be conducted to determine the efficacy
and safety of the approach.

CONCLUSIONS

Hematoma evacuation via image-guided para-
corticospinal tract approach is safe in our study,
with a relatively higher functional indepen-
dence at 90 days. The approach is an effective
method for intracerebral hemorrhage evacua-
tion, which can decrease the iatrogenic insults,
compared with craniotomy. The new rational
surgical approach through para-corticospinal
tract using neuronavigation guidance is reliable
and logical in protecting compressed or residual
corticospinal tract. Therefore, hematoma evac-
uation via image-guided para-corticospinal tract
approach seems to be safer in patients with ICH
with a relatively higher functional indepen-
dence, and it could be a promising approach for
ICH in the future.
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