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Abstract

N

Background: We aimed to study the feasibility of body surface projection in neuroendoscopic treatment of intracranial
hemorrhage (ICH), and to evaluate the prognosis of muscle strength using diffusion tensor imaging (DTI) technique.

Methods: \We utilized 3D-SLICER software and adopted hematoma body surface projection orientation to eliminate ICH by using
neuroendoscope for 69 cases of spontaneous intracerebral hemorrhage. The standard of correct location was determined by the
direct view of hematoma at the first operation. Evacuation rate by comparing computed tomography (CT) before and after the surgery
and Glasgow coma scale (GCS) was computed. DTl was used for pyramidal tract imaging 3 weeks after the operation, while the
prognosis of muscle strength was assessed after 6 months. The control group included 69 patients with basal ganglia hemorrhage
who received conservative treatment during the same period.

Results: The hematoma evacuation rate was 90.75% in average. The average GCS score rose by 4 points one week after the
surgery. The shape of pyramidal tract affected the prognosis of body muscle strength, and the simple disruption type was the worst.
There was no difference in mortality between the surgery group (10.1%) and the conservative group (4.3%). The muscle strength
improvement value and modulate RANK score (MRS) in the surgery group were better than the control group.

Conclusion: It is convenient and feasible to use the surface projection to determine the target of operation, and the clearance rate
of hematoma is high. Pyramidal tract imaging can predict the prognosis of muscle strength.

Abbreviations: ANOVA = A One-Way analysis of variance, CT = computed tomography, DTl = diffusion tensor imaging, FA = flip
angle, FOV =field of view, FT = fiber tracking, GCS = Glasgow coma scale, HICH = hypertensive ICH, ICH = intracranial hemorrhage,
LSD = least significant difference, MR = Magnetic resonance, MRS = modulate RANK score, ROl = regions of interest, SD =

standard deviation, TE = echo times, TR = repetition time.
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1. Introduction

Intracerebral hemorrhage (ICH) is a serious cerebrovascular
disease with high mortality and disability rate, which accounts
for about 10% to 20% of all stroke.'") Hypertension is the
leading cause of ICH, which is responsible for more than 50% of
cases of ICH.””! Hemorrhage of the basal ganglia region is
common in hypertensive patients. Epidemiological data show
that hypertensive ICH (HICH) frequently occurs in middle-aged
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people aged 45 to 65 years, and the 1-year survival rate of
patients with HICH is 50%, while the 5-year survival rate
dropped to only 29.2%.!3! Besides, most of the survivors have
severe neurological dysfunction, which poses a huge burden on
society and families.¥ Therefore, it is necessary to deeply
investigate therapeutic strategies.

Conservative treatment for ICH is the most basic therapeutic
choice. However, evidence has demonstrated that patients with
hemorrhage volume of more than 60 ml who underwent
conservative treatment had a predicted 30-day mortality of
91%.157 At present, the pathophysiological mechanism of ICH
still remains unclear. It is widely accepted that the hematoma
caused by ICH can not only cause mechanical damage to the
surrounding tissues, but also lead to secondary injury caused by
free radical formation, peripheral brain tissue edema, inflamma-
tory response, the clotting cascade, blood clots or blood
degradation products./®”! So far, multiple clinical trials have
failed to find a clinical benefit of hemorrhage evacuation.!®
Several lines of evidence suggest that the removal of intracranial
hematoma is beneficial to reduce the space-occupying effects of
hematoma, intracranial pressure and the toxic damage of
hematoma degradation products to brain tissues, as well as
ameliorate cerebral perfusion.!”>?~111

With the development of the concept of minimally invasive
surgery, and the continuous update of surgical instruments,
minimally invasive surgery has been receiving increasing


mailto:qiu_shli@163.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000015503

Qiu et al. Medicine (2019) 98:19

attentions of clinicians. This procedure avoids the surgical
trauma associated with conventional craniotomy and achieves
excellent therapeutic efficacy. Minimally invasive hematoma
evacuation using a neuroendoscope might be an important and
active therapeutic tool for treatment of ICH. Previously, a single-
center trial by Auer et al'* published in 1989 demonstrating a
the safety and feasibility of endoscopic minimally invasive
surgery for treatment of ICH, which achieved the desire for ICH
evacuation, and opened up a new method of minimally invasive
surgery for ICH evacuation. Investigators randomized 100 ICH
patients, the results showed that most patients had a significant
reduction of hematoma volume after endoscope-assisted evacua-
tion and experienced lower mortality and morbidity rates.
Neuroendoscope-assisted technique for evacuation of ICH is
performed especially via the forehead approach, which is parallel
to the pyramidal tract, decreasing the surgical injury to the
greatest extent. The endoscopic evacuation avoids the injury of
peripheral brain tissues and blood vessels caused by blind
puncture and excessive suction, thereby reducing the risk of re-
bleeding. A large quantity of evidence has revealed that
endoscopic hematoma evacuation rate through endoscopic
surgery ranged from 87.0% to 99.0%."%'*! Thus, endoscopic
surgery has increasingly recognized as minimally invasive and
safe surgery for ICH. However, little was known about the effect
of endoscopic hematoma evacuation on the prognosis of muscle
strength in patients with ICH.

Our study was designed to investigate the feasibility of
neuroendoscopy guided by body surface projection for treatment
of ICH, and the prognosis of muscle strength.

2. Materials and methods

2.1. General data

We consecutively enrolled 69 cases of cerebral hemorrhage
patients admitted to the Department of neurosurgery at The
Second People’s Hospital of Hefei between March 2013 and
February 2017 in accordance with China recommendations
for diagnostic standard of HICH. There were 43 males aged
52.37+12.53 years and 26 females aged 56.27 +9.34 years.
Of the 69 participants, 16 patients with HICH breaking into
lateral ventricles were included in this study. Volume of
intracerebral hematoma was 33.12+1.48 mL according to
Tada Formula measurement. All patients had a history of
hypertension. Preoperative neurological status was assessed
using the Glasgow coma scale (GCS) score: 49 cases with GCS
score of 8 to 12 and 20 cases with GCS score of 13 to 15. During
the same period, 69 patients with cerebral hemorrhage who
received conservative treatment were enrolled as the control
group. Written informed consent was obtained from each
subject and the study was approved by the Institutional Ethics
Committee.

2.2. Technical device

The endoscope used for the surgery was zero-degree operating
rigid endoscope (STORZ, Tuttlingen, Germany) with an outer
diameter of 4 mm and a length of 180 mm, and a working channel
was established using a disposable transparent tissue expander.
In addition, high frequency unipolar or bipolar electrocoagula-
tion probe, special digital camera system and self-made flush
suction device and extended bipolar electrocoagulator were also
used in this surgery.
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Figure 1. Images of body surface projection showing intracerebral hematoma.

2.3. Surgical procedures

3D Slicer software was used to visualize 3D reconstruction of the
patients skull, and hematoma body surface projection was shown
on the corresponding position of the patient’s skull (Fig. 1). The
lowest and deepest points of hematoma were selected as targets
that determined the angle and depth of puncture. The surgical
procedure was performed under general anesthesia with endotra-
cheal intubation. A 3 ¢m coronal linear skin incision was made
lateral to the midline over the frontal area. The burr hole was
enlarged to 2.5 cm in diameter by small bone window craniotomy.
The dura was cut open to avoid brain functional areas and cerebral
cortical vessels. Hematoma puncture was performed along the
long axis of the hematoma. The needles were pulled out till the
hematoma is located. A disposable transparent tissue expander
was slowly placed along the puncture path, reaching the posterior
pole of the hematoma. Afterward, endoscope was put into the
hematoma cavity, and then liquefied blood was sucked out with a
self-made suction irrigator. The endoscope was rotated in the
hematoma cavity, and tissue expander was moved along the long
axis of hematoma. The endoscopic angle was adjusted to detect the
blind angle of the hematoma and to clear the hematoma. A reliable
hemostasis was also required. When the blood clot was removed
and junctional regions with the “strawberry” shape were visible,
the operation can be terminated (Fig. 2). After the operation, the
hematoma cavity was equipped with a silicone catheter connected
to a standard drainage bag. After anesthesia resuscitation, head
computed tomography (CT) was routinely reviewed, and
antihypertensive drugs were continuously pumped by micro-
pump to control blood pressure below 120-169/70-90 mmHg.
The head CT was reviewed before the extubation, and the drainage
tube was removed after no recurrence of hematoma.

2.4. Assessment of muscle strength

Diffusion tensor imaging (DTI) were post-processed in GE
ADW4.5 workstation with the following acquisition parameters:
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Figure 2. CT images showing the hematoma clearance rate before (A) and after (B) operation.

repetition time (TR) >8000 ms, echo times (TE) = 49 ms, slice
thickness = 3.0 mm, field of view (FOV) = 2.4 cm?, data matrix=
128 x 128, measurement time = 130s [flip angle (FA) threshold =
0.20, angle threshold = 65°]. A logical AND operator was
successively applied between brainstem and central frontal gyrus
in both hemispheres as regions of interest (ROI). All patients were
followed up for 6 months. The prognosis of muscle strength was
obtained by subtracting preoperative muscle strength from the
level of recovery of limb muscle strength. DTI classification was
conducted according to the situation of pyramidal tracts damage:
type I: simple displacement caused by lesions or hematoma
occupying effect; type II: displacement with disruption caused by
direct compression or infiltration of lesions or hematoma and
type III: simple disruption caused by of lesion infiltration. !

2.5, Statistical analysis

All statistical analyses were conducted using SPSS version 16.0 (SPSS
Inc., Chicago, IL). Data were presented as the mean + standard
deviation (SD). A One-Way analysis of variance (ANOVA) was used
to analyze the difference between groups, while the least significant
difference (LSD) test was used for pairwise comparison.

3. Results

3.1. Clinicopathological characteristics

As shown in Table 1, no difference was observed in gender
between the 2 groups (P>.05). The average age of the surgical

group was younger than that of the control group (0.00).
Emorrhage position was varied in the control and surgical group,
showing significant differences (P=.04). Hematoma volume in
the surgical group was more than that in the control group
(P=.01). The values of GCS and muscle strength in the surgical
group before operation were both lower than those in the control
group (P=.00).

3.2. Hematoma evacuation

In all the 69 patients, the hematoma sites were accurately reached
under the guidance of the body surface projection. The operation
time of neuroendoscopic hematoma evacuation was 35 to
55minutes. All the cases underwent CT scan reexamination
24 hours after the surgery. Postoperative rebleeding occurred in
no patients. The hematoma clearance rate is 90.5% in average
(Fig. 2). As shown in Table 2, the mean change in GCS score was
+4.03 in post-operation as compared to pre-operation (P=.00).

3.3. Postoperative outcome

As shown in Table 3, 4 postoperative deaths occurred in the
surgical group due to postoperative complication and rebleeding
in non-operation area while 3 patients were discharged and were
lost to follow-up. Three unexplained deaths deaths occurred in
the control group. Moreover, the post-operative GCS (P=.00)
and muscle strength (P=.01) were significantly decreased in
surgical group as compared to the control group. Besides, there

Comparision of clinicopathological data.

Variables Control group Surgical group t P value
Sex (female/male) 25/44 26/43 0.03 .86
Age (y) 63.01+12.8 53.84+11.52 —4.42 .00
emorrhage position (sheath nuclear/thalamus/ventricle) 48/13/8 36/26/7 6.11 .04
Hematoma volume (mL) 28.29+8.90 32.65+10.11 2.68 .01
GCS 10.62+3.05 6.00+1.98 —10.59 .000
Muscle strength 2.32+1.41 0.72+0.94 —7.825 .00

GCS=Glasgow coma scale.
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Comparison of preoperative and postoperative GCS in the surgical
group.

Preoperative GCS Postoperative GCS t P value
6.00+1.98 10.03+3.25 11.58 .00
GCS =Glasgow coma scale.

Comparsion of postoperative outcome.

Variables Control group Surgical group t  Pvalue

Death/survival 3/66 7/62 0.97 .33

Postoperative GCS 11.99+3.74 10.03+£3.25 —3.21 .00
Postoperative muscle strength ~ 2.57 +1.71 196+113 —246 .01
Muscle strength improvement  0.25+0.96 1.23+1.20 5.31 .00
MRS (0/1/2/3/4/5) 0/0/4/14/1418  0/0/3/14/37/8  13.56 .00

GCS=Glasgow coma scale, MRS =modulate RANK score.

Pyramidal tract typing and prognosis of muscle strength.

DTI types n muscle strength F-value P value
compressive 9 1.78+1.09 12.825 .000
infiltrate 42 1.76+1.06

destructive 1 —0.09+0.54

DTI=diffusion tensor imaging.

were significant differences in the modulate RANK score (MRS)
between the 2 groups (P=.00).

3.4. DTI and muscle strength

Cone beam DTI imaging was performed in 62 patients. Magnetic
resonance (MR) was carried out 3 weeks after surgery.
Classification statistics were conducted according to the situation
of pyramidal tracts damage (Fig. 3). The relationship between
pyramidal tract typing and limb muscle strength was shown in
Table 4. These patients with simple disruptive pyramidal tract
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injury had a relatively poor prognosis. There was no difference in
prognosis between simple displacement and displacement with
disruption types.

4. Discussion

The diagnosis of cerebral hemorrhage is not difficult, the head CT
scan can quickly determine the bleeding site and hematoma
volume. Currently, there are no uniform opinions on conserva-
tive treatment or surgical treatment. In fact, it largely depends on
patients’ cognition of the prognosis. The data in this study
showed that the patients selected for surgical treatment were
younger, with an average age of 53.84 years. Surgical treatment
could not reduce the mortality of cerebral hemorrhage.
Improving the quality of life of patients with cerebral hemorrhage
through minimally invasive surgery is the focus of current
research. The results showed that mRS and muscle strength in the
surgical group were better than those in the conservative group.
The key of the surgery is to avoid secondary injury, especially to
protect the nerve conduction tract.

To the best of our knowledge, endoscope-assisted evacuation
has an advantage over conventional craniotomy in that it can be
performed through a smaller sheath, and can use the same suction
or combination tools used during other neurosurgery proce-
dures.!'®! In this study, we used a tissue expander with 1.6cm
internal diameter. Another advantage is that endoscopic surgery
spends shorter surgical time, which in turn reduce the damage
caused by prolonged anesthesia. For example, Xu et al
retrospectively compared outcomes of patients who underwent
endoscope-assisted evacuation and craniotomy, and showed that
the mean operative time was 1.6 hours in the endoscopy group
and $.2hours in the craniotomy group.!'”! Additionally, the
neuroendoscope, with its higher magnification, and additional
illumination, can help us precisely distinguish the hematoma
boundary during operation and can be convenient for intraop-
erative hemostasis.'®'” Ye et al demonstrated that ICH patients
who underwent neuroendoscopy had a higher evacuation rate,
lower risk of complications, and shorter operation time
compared with those that underwent a craniotomy.?"!

Neuroendoscopic surgery for ICH especially through supra-
frontal approach which is parallel to the pyramidal tract
minimizes surgical injury. Endoscope could remove hematoma

Figure 3. MR-DTI images showing pressurized (A) and disruptive (B) changes of pyramidal tracts.
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under direct vision, avoid puncture track damage and the damage
to the surrounding brain tissues and blood vessels caused by
excessive suction, and reduce the risk of re-bleeding. Meanwhile,
the bleeding points can be found in time during the operation to
stop bleeding. Di Somma A et al®! indicated that neuro-
endoscopic intraoperative ultrasound-guided technique could
reveal in a real-time fashion intracranial hemorrhages that may
occur after tissue biopsy, therefore providing a useful tool to
achieve valid and directed hemostasis when needed. On the other
hand, the hematoma clearance rate under neuroendoscope for the
first time is relatively high.'>??! In the present study, the
hematoma evacuation rate was 90.75 % overall. No patients had
rebleeding events in the surgical group. In the surgical group,
there was 1 case of postoperative re-bleeding in non-operative
site, which was unrelated to the operation, and the rate of
intraoperative re-bleeding was 0%, reflecting the advantages of
neuroendoscope. The other 3 cases died of postoperative
complications.

Neuroendoscope-assisted evacuation is performed using a
tissue expander in a narrow surgical field, thus hematoma
localization is very important. Stereotactic and neuronavigation
procedures are not suitable for the clinical needs of acute cerebral
hemorrhage surgery. In this study, the 3D software converted the
2-dimensional CT image into the 3-dimensional the body surface
projection, to make the surgeons obtain direct information of
hematoma location. Accurate hematoma localization was
obtained in all 69 cases.

The integrity of pyramidal tract is the anatomical basis for
maintaining limb function. The destruction of adjacent pyrami-
dal tract by hematoma in basal ganglia is the cause of hemiplegia.
DTI is a MR imaging technique that allows for the non-invasive
in vivo assessment and microstructural changes of white matter
tracts.>3?* This technology, together with fiber tracking (FT)
technology can be used to display the main white matter fiber
tracts in the brain, which is the only imaging method that can
present the main white matter fiber tracts in the brain in living
bodies. By visualizing the pyramidal tract with DTI technology,
the invasion of the pyramidal tract can be observed intuitively.

Our data demonstrated that Basal ganglia hemorrhage was
mainly invasive in the pyramidal tract (42/62,72%), and different
types of pyramidal tract damage were closely related to the
prognosis of muscle strength (P<.05). Patients with simple
disruption type had the worst muscle strength recovery. There
was no significant difference in the prognosis of muscle strength
between simple displacement and displacement with disruption
types. These findings suggested that DTI can predict the
prognosis of muscle strength.
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