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ORIGINAL RESEARCH
INTERVENTIONAL

Treatment of Supratentorial Spontaneous Intracerebral
Hemorrhage Using Image-Guided Minimally Invasive Surgery:
Initial Experiences of a Flat Detector CT-Based Puncture
Planning and Navigation System in the Angiographic Suite

Z.Yang, B. Hong, Z. Jia, ). Chen, J. Ge, J. Han, J. Beilner, Y. Zhang, Y. Fang, and ). Liu

ABSTRACT

BACKGROUND AND PURPOSE: The intracerebral hemorrhage drainage through minimally invasive approach is emerging as an alternative
for traditional craniotomy, due to itsimproved survival rate and reduced complication rate. In this study, we investigated the feasibility and
safety of a flat detector CT—based puncture planning and navigation system for minimally invasive hematoma drainage on patients with
intracerebral hemorrhage.

MATERIALS AND METHODS: The minimally invasive hematoma drainage was performed on 21 hypertensive patients with intracerebral
hemorrhage in the angiographic suite with the guidance of a flat detector CT—based puncture planning and navigation system. This system is
integrated in the angiographic machine, and was used for 1) planning the needle path based on a preprocedural flat detector CT scan, 2) advancing
the catheter with real-time fluoroscopic guidance, and 3) confirming the procedure outcome based on an immediate postprocedural flat
detector CT. The surgery efficiency, accuracy, and the treatment outcome were measured and compared with the published data.

RESULTS: All procedures were successfully completed with the catheter placed 4 = 1mm from the planned position. The average surgery
time was 40 = 7 minutes. The volume of the hematoma was reduced to 28 * 4% of the original volume. The Glasgow Coma Scale score was
significantly improved from 10 = 1at the admission to 14 = 1at the discharge. The Extended Glasgow Coma Scale score also improved from 5 =
1at the discharge to 6 = 1at the 6-month follow-up. No major complication, rebleeding, and mortality were observed in this study.

CONCLUSIONS: This flat detector CT—based needle guidance system provided a feasible, convenient, and safe way to perform the
puncture and drainage of brain hematoma in the angiographic suite.

ABBREVIATIONS: FDCT = flat detector CT; ICH = intracerebral hemorrhage; GCS = Glasgow Coma Scale; GOSE = Extended Glasgow Coma Scale

pontaneous intracerebral hemorrhage (ICH) affects more than 2

million people each year around the world." Timely medical in-
tervention is critical for ICH, as it is a medical emergency with a
mortality rate range from 35% to 52% within 1 month.> However,
the current treatments for patients with ICH continue to be contro-
versial, with several large-scale randomized trials reporting no signif-
icant benefit of early surgery, primarily craniotomy, over conserva-
tive treatment.>” In recent years, the surgical removal of hematoma
through burr-holes is emerging as a minimally invasive alternative
for conventional craniotomy because of its improved complication
rate and survival rate.® These new techniques usually involve stereo-
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tactic positioning and intraprocedural image guidance, such as en-
doscopic, traditional CT, intraoperative CT, and sonography-guided
aspiration.®® These techniques have not yet been widely used be-
cause of expensive clinical costs such as the demand for specialized
equipment, difficulties scheduling procedures on the diagnostic ma-
chines (eg, CT scan suite), and a lack of confirmed clinical benefit
from large-scale clinical trials. Until now, the implementation of
minimally invasive surgery for treating intracranial hemorrhage re-
mains investigational, with only 2 ongoing large-scale randomized
trials (Minimally Invasive Surgery and Thrombolytic Evacuation in
ICH [MISTIE] and Clot Lysis Evaluating Accelerated Resolution ITI
[CLEAR I11]).>'® MISTIE and CLEAR III are currently phase III
trials aimed at comparing minimally invasive surgery combined with
a thrombolysis agent with the best critical management alone for
treating ICH, and with minimally invasive surgery combined with
placebo for treating intraventricular hemorrhage, respectively. Both
of their early results indicated that the catheter location is one of the
most important criteria for good surgery outcome, and careful plan-
ning and accurate execution is necessary for optimal catheter

placement.'°



In this study, we attempted an affordable clinical solution for
image-guided hematoma drainage that could be performed in the
traditional angiographic suite without the need for specialized
equipment. We implemented an innovative puncture planning
and navigation system that is integrated into the angiographic
machine for hematoma evacuation. This guided evacuation pro-
cedure based on an intraprocedural flat detector CT (FDCT), in
which a 3D CT-like image was reconstructed from a rotational
scan''using a C-arm angiographic machine. Commercial soft-
ware (syngo iGuide needle guidance; Siemens, Erlangen, Ger-
many) then facilitates the needle path planning that allows physi-
cians to choose optimum entry and target points of the puncture,
and automatically overlays the path onto the fluoroscopic images
during the procedure for real-time guidance.

The feasibilities of this puncture planning and guidance sys-
tem had been previously demonstrated in selective cervical nerve
root block,'? percutaneous kidney puncture,'® and hepatic tumor
ablation'? based on ex vivo animal models and real patients. Its
application in the brain was only recently demonstrated on 6 pa-
tients with cerebrovascular ischemia for external ventricular
drainage.'* In this study, we further expanded this technique on a
more complicated brain procedure, intracranial hemorrhage
evacuation in 21 hypertensive patients with ICH. Unlike the ex-
ternal ventricular drainage, the location of hemorrhage in pa-

Table 1: The GCS score of all 21 patients measured at admission
and discharge

GCS Score 7-9 10-12 13-15 Average
At admission (no. of patients)  11(52%) 10 (48%) 0 9.5+ 0.9
At discharge (no. of patients) 0 0 21(100%) 141*0.6

tients with ICH could vary from patient to patient, and could not
be performed freehand without any image guidance. Moreover,
we assessed the feasibility and the safety of this technique in terms
of procedure length, puncture accuracy, drainage volume, and
treatment outcome at the discharge and 6-month follow-up. This
is also the first attempt to evaluate the short-term treatment out-
come of FDCT-guided hemorrhage drainage using Glasgow
Coma Scale (GCS) and Extended Glasgow Coma Scale (GOSE)

scores.

MATERIALS AND METHODS

Patients

Between February 2011 and May 2011, 21 consecutive supraten-
torial hypertensive patients with ICH (15 men and 6 women, age
49 to 80 years, mean 59.3 = 7.9 years) were included in this study.
The inclusion criteria were 1) definite hematoma associated neu-
rologic symptoms and signs; 2) no signs of brain herniation and
acute rising intracranial pressure; 3) hematoma was deeply lo-
cated, craniotomy operation of hematoma evacuation was diffi-
cult, or might cause more iatrogenic injury; 4) the hemorrhagic
vascular diseases such as aneurysms or vascular malformations
were definitely treated; and 5) informed patient consent. All pa-
tients had a history of hypertension. On admission, GCS score of
the cohort was 9.5 = 0.9 with details listed in Table 1. Among
them, 13 patients experienced various degrees of aphasia and 16
patients had contralateral limb muscle strength grades worse than
3. CT examination identified that 6 cases had hematoma in the left
putamen, 10 cases in the right putamen, and 5 cases in the thala-

mus. There were also 2 patients whose hematoma had spread into

FIG 1. The generation of burr-hole for hematoma drainage. A, The burr-hole position is preselected by the surgeon before the puncture
planning procedures, and marked on the patient’s forehead as the blue cross. The surgeon then uses the hand drill, B, to manually drill a hole at
the selected position. The drainage catheter, C, is then inserted into the burr-hole with the FDCT-based real-time guidance.
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FIG2. The selection of the entry point and the target point is based on 3D FDCT images acquired
immediately before the surgery in the angiographic suite. The planned target point is placed
within the hematoma based on the preference of the surgeon. Its position is indicated by the
center of the cross hair in sagittal (A), coronal (B), and axial (C) axes. In our practice, the burr-hole

intraprocedural live guidance during
needle progress, and postprocedural
verification. During the needle path
planning, the entry point and target
point could be chosen based on recon-
structed 3D FDCT images. In our cases,
we slightly modified the workflow by
generating the burr-hole before the ac-
quisition of FDCT, hence the entry
point was chosen by identifying the cen-
ter of the burr-hole in the 3D FDCT scan
(Fig2D). The target point was chosen by
selecting a point within the hemorrhage
and 1 cm away from the posterior
boundary of the hemorrhage (Fig 2A—
C). The needle guidance software then
automatically calculates the puncture
depth and corresponding C-arm work-
ing angles in bull’s eye view (Fig 3A, -B)
and 2 progression views (Fig 3C, -D). Af-
ter manual confirmation of the punc-
ture path, we started the image-guided
puncture by overlaying the planned path
onto the real-time fluoroscopic images.
After the puncture and the initial drain-
age, a postprocedural FDCT was per-
formed immediately to confirm the lo-
cation of the drainage tube.

is generated before the presurgery FDCT, hence we could directly place the entry point at the

center of the burr-hole (small green cross in D).

the ventricle. The time spans from the onset of the hemorrhage to
surgery ranged from 12 hours to 7 days, with an average of 3.5 *
1.5 days.

Anesthesia

Fifteen patients were under local anesthesia with certain degrees
of sedation, the other 6 patients who were too dysphoric to be
cooperative were under general anesthesia.

Needle Planning and Path Guidance

All procedures were performed in an angiographic suite that con-
formed to ISO 7 (Class of 10,000) standards with average of air
flow velocity of 10-15 feet/minute. During the procedure, all pa-
tients lay on the angiographic table in supine position. The punc-
ture was generally performed at the location of 3 cm superior to
the supraorbital ridge and 2.5 cm lateral to midline using a man-
ual twist drill (Fig 1). After the establishment of a burr-hole, 1
FDCT acquisition was performed on a C-arm angiographic sys-
tem (Artis zee Biplane, Siemens) with the following parameters:
20-second acquisition protocol, 0.4° increment, 512 X 512 ma-
trix, 200° total angle, and 496 projections. The cross-sectional
images were then reconstructed on a commercially available
workstation (syngo X-Workplace; Siemens) with section thick-
ness of 5 mm. After identification of the hemorrhage in the
reconstructed image, the integrated puncture planning and
guidance system (syngo iGuide needle guidance) was initiated.
The syngo iGuide enabled preprocedural needle path planning,
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Postprocedural Patient Care

The liquefied hematoma was partially
drained out immediately after the successful placement of the
drainage tube. The disposable drainage system (Gred; ShanDong
Gredmedic, Dalian, China) used in the procedure has a built-in
U-shape tube that could prevent reversed flow of hematoma from
drainage bag back to patient (as shown in Fig 1C). For 5 patients
with large hematoma volume, a 20-mL syringe with 1 to 2 mL
negative pressure was used for gentle suction. Starting from the
second day after the surgery, all patients received diluted saline
urokinase (2 million units in 2 mL) treatment 1 time per day.
Dehydration was performed according to the results of intracra-
nial pressure monitor.

Surgery Evaluation

The feasibility and safety of this image-guided hematoma drain-
age was evaluated based on the surgery efficiency and accuracy,
and the treatment outcome. The efficiency of the surgery was
represented by the total surgery time excluding anesthesia time,
and the number of puncture attempts per surgery. The accuracy
of the surgery was represented by the deviation between the
planned and actual location of the needle tip. This distance was
manually measured on the postprocedural FDCT as it has an au-
tomatic overlay of the planned puncture path.

The immediate treatment outcome was evaluated based on the
hematoma drainage volume and the GCS score at the time of
admission and discharge. The short-term outcome was evaluated
based on the GOSE score at the time of the discharge and 6-month



Progress View 1

C D

FIG 3. The catheter placement is guided by real-time fluoroscopic images with overlaid planned
needle path (white dotted line in A—D). Under the bull’s eye view (A and B), the surgeon adjusts the
direction of the catheter until the catheter is in-line with the beam angle, and its tip overlaps with
the planned entry point (white circle) (C and D). The surgeon then slowly advances the catheter
while watching the real-time fluoroscopy acquired perpendicular to the planned needle path.

follow-up. The volumes of the hematoma were measured based
on presurgery and postsurgery CT scan using the Tada formula.

Statistical Analysis

The results were analyzed with SPSS 13.0 edition (IBM, Armonk,
New York). A f test was performed to compare 1) the change of
hematoma volume pre- and postsurgery, 2) the GCS score at the
time of admission and discharge, and 3) the GOSE score at the
time of discharge and 6-month follow-up.

RESULTS

The image-guided operation time ranged from 25 to 55 minutes,
with mean length of 40 = 7 minutes. All punctures succeeded in 1
attempt. The deviation between planned and actual needle point
location ranged from 2 to 7 mm, with mean deviation of 4 * 1
mm. The average drainage volume was 24 = 7 mL, with average
hematoma volume of 33 = 9 mL at the admission, and 9 = 2 mL
at the discharge. The volume of hematoma was significantly re-
duced (P <.001) and the drainage ratio ranged from 67% to 80%,
and averaged at 72 * 4%. An exemplary patient hematoma
shrinkage after this image-guided surgery was clearly shown on a
series of CT scans in Fig 4. The GCS score was significantly im-
proved from 10 * 1 at the admission to 14 * 1 at the discharge
(P <.001), with the details of the GCS score listed in Table 1. The
GOSE score also significantly improved from 5 = 1 at the dis-
charge to 6 £ 1 at the 6-month follow-up (P < .001), as listed in
Table 2. All patients survived the procedure without major com-

plications; however, 1 patient suffered
from pneumonia due to nosocomial in-
fection. Postoperative hospital stay was
5-8 days. Among 13 cases of aphasia, 3
patients could speak simple words, and 4
could voice. Among 16 cases of hemiple-
gia, 12 patients improved their muscle
strength more than 1 level.

DISCUSSION
The prolonged operation time is one of
the limitations for removing clot using
craniotomy. In our experience with this
FDCT-based puncture planning and
navigation method, we were able to
complete the procedure in around 40
minutes. This procedure time was sig-
nificantly shorter than that of the con-
ventional craniotomy treatment, which
usually takes around 3 hours in our in-
stitute. It was also slightly faster than
other reported image-guided surgery
times, such as 89 minutes using intraop-
erative CT'* and 85 minutes using en-
doscopic navigation.” The shortened
workflow was mainly a benefit from the
convenience of performing intraproce-
dural FDCT within the angiographic
suite. FDCT, in general, has lower reso-
lution than that of volumetric CT, but it
is sufficient for the application of intra-
cranial hematoma evacuation. First, the attenuation difference of
the skull, the hemorrhage, and the normal brain tissue within the
brain is large enough to be easily differentiated in a reconstructed
3D FDCT image (as shown in Fig 2). Second, the respiratory mo-
tion and the cardiac rhythm only minimally affect the brain tissue;
hence its immobility could further enhance the image quality.
The key factor for hemorrhage evacuation through burr-holes
is the precise positioning of the drainage catheter. The maximum
deviation between planned and actual position of the drainage
catheter was found to be less than 7 mm in our study. Moreover,
postprocedural FDCT indicated that the catheter tips arrived at
the center of the hemorrhage in all cases. The accurate placement
of the catheter in our study was mainly due to the real-time guid-
ance of the fluoroscopic image with overlaid planned needle path.
The surgeon could make a slight adjustment to the trajectory path
simultaneously as the catheter advanced to the planned location
while watching the real-time fluoroscopy with overlaid planning
needle path. By doing this, we could avoid the multiple punctures
that tend to have a much higher chance of brain tissue damage
than a single attempt. We also noticed that the small deviation still
existed in some cases, and that could be due to the lack of bilateral
guidance during catheter advancement. This should be taken into
consideration in the future version of the needle guidance tool.
Theoretically, the accurate placement of the evacuation cath-
eter could lead to better treatment outcome. The treatment out-
come evaluation based on our patients’ condition at discharge
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4 days post-surgery
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human head. In this way, the impact of
the twist drill on the scalp and head shift
will be excluded from the puncture
planning; 3) Surgery timing: At least 24
hours after the onset of the hemorrhage.
Although there were extensive reports of
the benefit of ultra-early and early re-
moval of the hematoma in the literature,
the surgery timing is still controversial
due to a lack of evidence-based support.
In our opinion, the hematoma drainage
could be easier and the risk of rebleeding
could be lower when we allow at least 1
day for hematoma to liquefy.

One of the important benefits of
this demonstrated FDCT/fluoro-assisted
minimally invasive surgery was the low
cost of the procedure, as it can be per-
formed in the traditional angiographic
suite, without adding extra cost to pa-
tients for specialized devices. The short-
ened operation time compared with cra-
niotomy also significantly reduced the
clinical cost of this procedure. This is
especially useful for underdeveloped
countries that experience high patient
volume but have limited medical re-
sources. In this way, more low-income pa-
tients will have the chance to receive
timely treatment. Moreover, given the

low cost and high performance of the

FIG4. Anexemplary patient case that was treated using this image-guided hemorrhage drainage
procedure. The significantly reduced hematoma volume could be observed in a series of pre- and
postsurgery CT scans.

Table 2: The GOSE score of all 21 patients measured at discharge and 6-month check-up
GOSE Score 3 4 5 6 7

Average
46*+09

procedure, this could potentially en-
courage more eligible patients to be re-
cruited into a future prospective study.
One limitation of this study is that only
patients with indications for surgery were
included in this retrospective study.

At discharge (no. of patients)
At 6-month check-up (no. of patients) 0

2(10%) 7(33%) 10(48%)
1(5%)

1(5%)
8(38%) 8(38%) 4(19%) 57+ 06

1(5%)
Although we attempted to compare the

and 6-month follow-up supported this assumption. In our study,
no patient showed recurrent bleeding or technique-related post-
surgery complication, whereas the reported studies have shown
that the complication rate of the stereotactic aspiration treat-
ment was 17.9%—37.3%, and the rebleeding incidence was
5%-13.3%.'5""7

For the FDCT/fluoro-assisted hematoma evacuation in the
angiographic suite, our experiences in 21 hypertensive patients
with ICH were concluded as follows: 1) Puncture site selection:
The frontal approach was preferred over the temporal approach
because of the consideration that there is relatively less neurologic
and vascular traffic in the frontal lobe area. In addition, punctur-
ing and advancing the catheter from the forehead was convenient
for operators because the bull’s eye view and progression views in
the C-arm were nearly vertical and horizontal in direction, with
minimal interference on operations and anesthesia. 2) Operation
procedures: We suggested generating the burr-hole before the
acquisition of planning FDCT for this specific application on a
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treatment outcome with published meta-
analysis results from large-scale clinical trials, the comparison was
not based on the same patient baseline. Retrospectively matching the
surgery group with patients receiving medical treatment only, how-
ever, could bring uncertainties such as different medical treatment
strategies and varied treatment timings into comparison because pa-
tient treatments were originally conducted without clear guidelines.
Hence, though the feasibility of this FDCT/fluoro-guided ICH evac-
uation was demonstrated, one of our immediate future works is to
initiate a multicenter, prospective trial that compares the immediate
and long-term treatment outcome of combined FDCT/fluoro-as-
sisted minimally invasive surgery and urokinase treatment with con-
ventional medical therapy only for patients with ICH.

CONCLUSIONS

We demonstrated the feasibility of performing intracranial hem-
orrhage evacuation in an angiographic suite, with the assistance of
puncture planning and guidance software that uses intraproce-
dural FDCT and fluoroscopy. According to our clinical outcomes,



intraprocedural FDCT and integrated needle guidance software

provided a feasible, convenient, and safe solution for hemorrhage

evacuation. In the future, the benefit of this demonstrated image-

guided ICH evacuation should be further investigated in a large-

scale prospective and randomized trial.

Disclosures: Jiajia Ge is employed by Siemens Healthcare. Siemens Healthcare sup-
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