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Abstract

Background Previous randomised controlled trials could not demonstrate that surgical evacuation of intracerebral haemor-
rhage (ICH) improves functional outcome. Increasing evidence suggests that minimally invasive surgery may be beneficial,
in particular when performed early after symptom onset. The aim of this study was to investigate safety and technical efficacy
of early minimally invasive endoscopy-guided surgery in patients with spontaneous supratentorial ICH.

Methods The Dutch Intracerebral Haemorrhage Surgery Trial pilot study was a prospective intervention study with blinded
outcome assessment in three neurosurgical centres in the Netherlands. We included adult patients with spontaneous supraten-
torial ICH >10mL and National Institute of Health Stroke Scale (NIHSS) score >2 for minimally invasive endoscopy-guided
surgery within 8 h after symptom onset in addition to medical management. Primary safety outcome was death or increase
in NIHSS >4 points at 24 h. Secondary safety outcomes were procedure-related serious adverse events (SAEs) within 7 days
and death within 30 days. Primary technical efficacy outcome was ICH volume reduction (%) at 24 h.

Results We included 40 patients (median age 61 years; IQR 51-67; 28 men). Median baseline NIHSS was 19.5 (IQR
13.3-22.0) and median ICH volume 47.7mL (IQR 29.4-72.0). Six patients had a primary safety outcome, of whom two
already deteriorated before surgery and one died within 24 h. Sixteen other SAEs were reported within 7 days in 11 patients
(of whom two patients that already had a primary safety outcome), none device related. In total, four (10%) patients died
within 30 days. Median ICH volume reduction at 24 h was 78% (IQR 50-89) and median postoperative ICH volume 10.5mL
(IQR 5.1-23.8).

Conclusions Minimally invasive endoscopy-guided surgery within 8 h after symptom onset for supratentorial ICH appears
to be safe and can effectively reduce ICH volume. Randomised controlled trials are needed to determine whether this inter-
vention also improves functional outcome.

Trial registration Clinicaltrials.gov: NCT03608423, August 1st, 2018.
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SAE Serious adverse event

TIA Transient ischemic attack

Acronyms

DIST The Dutch Intracerebral Haemorrhage Surgery
Trial

ICES Intraoperative sterotactic Computed tomog-
raphy-guided Endoscopic Surgery for brain
haemorrhage trial

MISTIE Minimally Invasive Surgery plus rt-PA for
Intracerebral haemorrhage Evacuation trial

STICH  Surgical Treatment for Intracerebral Haemor-
rhage trial

Introduction

Spontaneous intracerebral haemorrhage (ICH) accounts
for 16-19% of all strokes in the Western world and for
28-32% in low- and middle-income countries [12, 24]. ICH
contributes profoundly to stroke-related disability and 30-day
case fatality is around 40% [38, 48]. Survival and functional
outcome after spontaneous ICH are independently predicted
by age, Glasgow Coma Scale (GCS) score, haematoma
volume, the presence of intraventricular haemorrhage
(IVH) [38], and hematoma growth [9, 40]. Around 20%
of patients with ICH show growth of hematoma, mainly
within the first 3 h after symptom onset [3]. Neurotoxicity,
caused by blood degradation products and plasma-derived
components such as thrombin, and inflammation, may lead
to the development of perihematomal oedema (PHO). This
process starts already within 3 to 4 h after symptom onset
[4, 20]. Reduction of the hematoma volume in an early stage
may not only alleviate the direct mass effect of the ICH,
but may also prevent hematoma growth and development
of PHO [35, 51]. Theoretically, this could result in better
functional outcome [2, 35]. Increasing evidence including
recent narrative [8, 14] and systematic reviews [43, 44] of
randomised controlled trials (RCTs) suggests that surgical
hematoma evacuation may reduce mortality and improve
functional outcome [13, 43, 44, 55]. However, large high-
quality RCTs have not established this presumed beneficial
effect of surgery [15, 16, 30, 31, 44]. Besides evacuation
by means of a craniotomy, several minimally invasive
techniques are available to remove the hematoma [2, 17, 36,
41, 55]. Recent case series suggest that endoscopy-guided
minimally invasive evacuation by means of aspiration is
promising and safe and effectively reduces haemorrhage
volume, with few complications [1, 11, 19, 23, 27, 41, 45,
46, 53]. The MISTIE III trial recently failed to demonstrate
a beneficial effect on functional outcome of minimally
invasive surgery with local application of alteplase followed
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by hematoma aspiration up to 72 h [16]. The relatively long
median time from symptom onset to surgery in MISTIE III
(59 h) [16] and in the other large, multicentre, high-quality
studies of conventional surgery STICH (30 h) [30] and
STICH-II (26 h) [31] might in part explain the lack of a
treatment effect. An individual patient data meta-analysis of
RCTs found that outcome improved after surgery compared
to standard medical management, if surgery was performed
within 8 h [13]. However, one study showed that ultra-early
surgery (within 4 h) was associated with rebleeding [34],
whilst other studies have shown that ultra-early surgery
(<4-6 h) is safe [25, 26]. In addition, a recent study showed
that for every hour that patients were operated earlier, there
was a 5% increase in the odds of good functional outcome
at 6 months [22].

Well-designed RCTs are needed to provide definitive and
guideline changing evidence whether or not early minimally
invasive and endoscopy-guided surgical evacuation would
reduce mortality after sSICH and improves functional
outcome [43]. As a prelude to such a large randomised
clinical trial, the aim of the Dutch ICH Surgery Trial (DIST)
pilot study was to investigate safety and technical efficacy
of minimally invasive endoscopy-guided surgery for the
treatment of spontaneous supratentorial ICH within 8h after
Ssymptom onset.

Methods
Study design

The DIST pilot study was a multicentre, prospective, non-
randomised intervention study in the Netherlands, with
blinded endpoint assessment, investigating the safety and
technical efficacy of minimally invasive endoscopy-guided
surgical evacuation of supratentorial spontaneous ICH
within 8h after symptom onset, in addition to standard
medical management (Clinicaltrials.gov: NCT03608423;
http://dutch-ich.nl). Patients underwent minimally invasive
endoscopy-guided surgery in addition to standard medical
management in three hospitals. In seven other centres,
patients received standard medical management only.

We aimed to include 40 patients in the surgical arm, with
a minimum of 10 patients per centre, to be able to obtain
clinically meaningful data on the safety and technical efficacy
of our intervention, assuming we could show that on average
we would be able to reduce ICH volume with at least 60%.

Here, we report the results of the 40 patients who
underwent surgery. This study was approved by the medical
ethics committee of the Erasmus MC University Medical
Centre Rotterdam (MEC_2018-012).


http://clinicaltrials.gov
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Participants

Patients were eligible if they met the following inclusion
criteria: age >18 years, supratentorial spontaneous (non-
traumatic) ICH >10 mL confirmed by non-contrast
computed tomography (NCCT) scan, National Institutes
of Health Stroke Scale (NIHSS) score >2, and initiation of
surgery possible within 8 h after symptom onset. Written
informed consent was obtained from all patients or their
legal representatives. The diagnosis of spontaneous ICH
was based on the absence of a causative macrovascular
lesion (i.e. aneurysm, arteriovenous malformation, dural
arteriovenous fistula, cerebral venous sinus thrombosis) on
computed tomography angiography (CTA) scan performed
immediately following the NCCT [18, 49].

ICH volumes in the acute setting were calculated using
the ABC/2 method. We verified these volumes if they were
close to the limit of 10mL using volume measurements in
Brainlab® (AG, Miinchen, Germany). Screening logs were
not kept. Patients were excluded from participation if they
had any other known cause of the ICH (i.e. tumour, caver-
noma), pre-stroke disability that interfered with the assess-
ment of functional outcome (i.e. pre-stroke modified Rankin
Scale (mRS) score >2) [6], untreated coagulation abnormali-
ties, pregnancy, or when a patient was moribund (i.e. con-
ing, dilated unresponsive pupils). Patients who were using
a vitamin K antagonist could be included after reversal of
the anticoagulation effect (INR <1.3). Patients who were
using direct oral anticoagulants were excluded. The use of
antiplatelet therapy, including clopidogrel, was not an exclu-
sion criterion.

At baseline, we collected data on age and sex, medical
history (presence of hypertension, atrial fibrillation,
diabetes mellitus, hypercholesterolemia, previous ischemic
or haemorrhagic stroke, transient ischemic attack, previous
major bleeding, myocardial infarction, premorbid cognitive
dysfunction, premorbid disability on the mRS), and the
use of medication (antiplatelet therapy, antihypertensive
agents, oral anticoagulants, statins). In addition, we collected
systolic and diastolic blood pressure, GCS score, NIHSS
score, and ICH-Grading Scale (ICH-GS, with higher scores
indicating worse prognosis) score [42] at baseline. An
independent neuroradiologist assessed baseline NCCTs for
ICH volume, ICH location, presence of intraventricular,
subdural or subarachnoid extension, PHO volume,
hydrocephalus, and CTA for presence of a spot sign,
blinded to clinical characteristics and to safety and technical
efficacy outcomes. The same independent and blinded
neuroradiologist assessed the NCCT that was performed at
24 h. We calculated time intervals from symptom onset (or
last seen well) to NCCT. All patients underwent assessment

of the NIHSS at 24 h and 7 days or discharge. All SAEs
within 30 days were reported.

Intervention

Neurosurgeons with experience in endoscopic neurosurgery
for other purposes were trained to perform the surgical
procedures. They followed a prespecified protocol (Online
resource data) and performed surgery under general
anaesthesia. The baseline NCCT was uploaded into
neuronavigational software (Brainlab® AG, Miinchen,
Germany). Neurosurgeons selected a trajectory for
evacuation that allowed safe access to the longest possible
axis of the haemorrhage, in a similar way as in the ICES
study [50], and described earlier as the stereotactic
intracerebral haemorrhage underwater blood aspiration
(SCUBA) and ADAPT technique [21, 41]. The image-
guidance probe was positioned over the candidate entry
point to assess whether or not the endoscope sheath would
transgress any critical functional areas. Neurosurgeons
created a burr hole of 1.5-2.0 cm, opened the dura, and
incised and coagulated the cortical surface. A localisation
array was attached to the selected neuro-endoscopic sheath
and registered to the navigation system. The sheath was
stabilised into the target zone, typically at 2/3 of the
length of the long axis, using neuronavigation. The neuro-
endoscope was inserted into the sheath and under direct
visualisation the Artemis™ Neuro Evacuation Device
(Penumbra Inc. Alameda, California, USA) was placed
through the working channel of the endoscope. Intermittent
irrigation through the endoscope and hematoma aspiration
via the Artemis™ device was performed under direct
visualisation until a clear working view was created,
revealing the hematoma cavity. This was repeated until no
further clot could be evacuated at this location. In case of
active bleeding, irrigation was continued until the bleeding
stopped. Once haemostasis was obtained, the endoscope
sheath was retracted to a point approximately 1/3 of the
hematoma cavity. The suctioning and irrigation process
was then repeated at this point. Suctioning was continued
until the surgeon estimated to have removed at least
75-80% of the hematoma volume. Then, the endoscope
was introduced for a final inspection of the cavity to check
for any ongoing bleeding that required additional treatment
through irrigation and occasional bipolar coagulation. The
dura and skin were closed. An NCCT was performed intra-
operatively or immediately after evacuation to confirm
adequate haemorrhage evacuation. Whether or not to opt
for resumption of the surgery to evacuate any residual
haemorrhage was at the surgeons’ discretion. Patients were
admitted to the neuro-intensive care unit or a dedicated
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stroke unit, and were treated according to the Dutch national
stroke guideline [10]. We recorded time from symptom
onset to arrival in the operating room, to first incision and to
skin closure, blood pressure measurements during surgery,
the type of endoscope that was used, the occurrence of
active bleeding or rebleeding during surgery, conversion
to craniotomy, and whether the surgery was performed in a
hybrid operating room.

Outcomes

The primary safety outcome was death within 24 h or
neurological deterioration with an increase of >4 points
on the NIHSS at 24 h. Primary safety outcomes were
adjudicated by an independent committee, consisting of
two neurologists and one neurosurgeon. Secondary safety
outcomes were ICH volume at 24 h, death at 7 and 30 days,
and 7-day procedure-related complications. Additionally,
we recorded all SAEs within 30 days. The primary
technical efficacy outcome was the percentage of volume
reduction comparing the ICH volumes on the NCCT at
baseline and the NCCT at 24 h. All images were centrally
assessed by an independent neuroradiologist, blinded for
baseline characteristics and safety and technical efficacy
outcomes. Secondary technical efficacy outcomes were
the percentage of patients with a clot volume reduction
of >60%, the percentage of patients with a clot volume
reduction >80%, the percentage of patients with a
remaining clot volume <15mL at 24 h, and the number of
patients in whom the minimally invasive procedure was
converted to craniotomy. (Re)bleed was defined as a higher
ICH volume at 24 h than at baseline or postoperatively
(irrespective of change in clinical symptoms). The Data
Safety Monitoring Board (DSMB) would consider to
advise to hold the study when the lower limit of the 95%
CI of the proportion of patients with the occurrence of the
primary safety outcome reached 40%.

Data analyses

Baseline characteristics are displayed as number of patients
with corresponding percentages, mean with standard
deviation (SD), or median with 25% and 75% interquartile
range (IQR) as appropriate. ICH volume at baseline and
24 h NCCT, and IVH volume and PHO volume at baseline
NCCT, were measured via manual segmentation using ITK-
SNAP 3.8 (http://www.itksnap.org) [54] and volumes were
calculated using MATLAB 2018a, based on the number
of voxels and voxel size in three directions. For safety
outcomes, we calculated absolute numbers and percentages
with 95% confidence intervals (Cls). An independent
DSMB monitored the study with the aim to advise to stop

@ Springer

the study if the lower limit of the 95% CI of the percentage
of patients with a primary safety outcome would reach 40%.
Reduction of hematoma volume was expressed as median
(IQR) percentage volume reduction. To obtain insight into
the effect of a potential learning curve on technical efficacy,
we assessed the first and second half of patients separately
as an exploratory analysis. We split the group by the first
half and second half within each centre. In case of unequal
numbers, the second group would be the largest.

Results

Forty patients were included between March 2019 and
January 2021. We experienced delays at the start due to
limited availability of the surgical devices, and during the
study because of the COVID-19 pandemic with temporary
halting of clinical research activities and limited availability
of operation room capacity and ICU beds. Demographics
and baseline characteristics are summarised in Table 1.
Median ICH volume at baseline was 47.7mL (IQR
29.4-72.0mL; 2 patients had a baseline ICH volume
<15mL). Median time from symptom onset to the start
of the surgery (first incision) was 6 h and 43 min (IQR 5
h 26 min—7 h 56 min). Median duration of the procedure
(first incision to skin closure) was 68 min (IQR 55-106
min). Median ICH volume after 24 h was 10.5mL (IQR
5.1-23.8mL). Further details of the surgical procedures are
summarised in Table 2. Online resource table 2 shows the
baseline characteristics and technical outcome parameters
according to baseline ICH volume subgroups (<30mL and
>30mL). An illustrative case is shown in Fig. 1. Twelve
patients had a CTA spot sign, of whom five had active
bleeding during surgery. Of a total of 19 patients with active
bleeding during surgery (Table 2), 14 did not have a spot
sign at baseline.

Primary safety outcomes

Of the 40 included patients, six (15%; 95% CI 5.7-29.9%)
had a primary safety outcome. One patient died within 24 h
(2.5%; 95% CI: 0.1-13.2%) and five patients (12.5%; 95%
CI: 4.2-26.8%) experienced an increase in NIHSS score
of >4 points at 24 h, compared to baseline. Two of these
five patients deteriorated in the emergency room before
surgery had commenced. Two other patients of these five
patients remained intubated at 24 h (but not at baseline),
which increased their NIHSS scores. The fifth patient had
disorientation in time and an increase in the severity of a
left-sided paresis at 24 h, which partly recovered over time.
Further clinical details of the primary outcomes are outlined
in Online resource Table 3.


http://www.itksnap.org
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Table 1 Patient characteristics

Characteristic N=40
Age, mean (SD) 59.5 (13.6)
Men, n (%) 28 (70.0)
Medical history of
Hypertension, n (%) 14 (35.0)
Atrial fibrillation, n (%) 4(10.0)
Diabetes mellitus, n (%) 6 (15.0)
Hypercholesterolemia, n (%) 9 (22.5)
Ischemic stroke, n (%) 1(2.5)
TIA, n (%) 5(12.5)
Previous ICH, n (%) 2(5.0)
Myocardial infarction, n (%) 3(7.5)
Premorbid cognitive dysfunction, n (%) 1(2.5)
Medication at baseline, use of
Antiplatelet therapy, n (%) 11(27.5)
Acetylsalicylic acid 7(17.5)
Clopidogrel 4 (10.0)
Antihypertensive drug(s), n (%) 11 (27.5)
Vitamin K antagonist, n (%) 1(2.5)
Statin, n (%) 13 (32.5)
Pre-ICH mRS score 0, n (%) 33 (82.5)
Pre-ICH mRS score 1, n (%) 5(12.5)
Pre-ICH mRS score 2, n (%) 2(5.0)
Time from symptom onset or last seen well to arrival study centre, median (IQR) 3h 32min (1h 49min—4h 52min)
Glasgow Coma Scale score (on admission), median (IQR) 12 (9-14)
GCS score <9, n (%) 5(12.5)
GCS score 9-12, n (%) 17 (42.5)
GCS score 13-15, n (%) 18 (45)
NIHSS score (on admission), median (IQR) 19 (13-22)
Systolic blood pressure, mmHg (on admission), mean (SD) 174 (31)
Diastolic blood pressure, mmHg (on admission), mean (SD) 102 (28)
Baseline NCCT scan
ICH volume (mL), mean (SD) 50 (23)
Lobar location, n (%) 11 (27.5)
Left hemispheric location, n (%) 21 (52.5)
IVH present, n (%) 19 (47.5)
IVH volume (mL), median (IQR) 0(0-17)
Hydrocephalus, n (%) 11 (27.5)
Perihematomal oedema volume (mL), median (IQR)* 14 (7-29)
Subarachnoid extension of ICH, n (%) 9 (22.5)
Finger like projections, n (%) 9 (22.5)
Time from onset symptoms (or last seen well) to baseline NCCT, median (IQR) 3h 46min (1h 30min—5h 33min)
CT-angiography spot sign present, n (%)° 12 (30)
ICH-GS score at inclusion, n (%)
ICH-GS-score 5 1(2.5)
ICH-GS-score 6 3(7.5)
ICH-GS-score 7 9 (22.5)
ICH-GS-score 8 10 (25.0)
ICH-GS-score 9 11 (27.5)
ICH-GS-score 10 4(10.0)
ICH-GS-score 11 2(5.0)

CT computed tomography scan, GCS Glasgow Coma Scale, ICH intracerebral haemorrhage, /CH-GS intracerebral haemorrhage grading scale,
IQR interquartile range, /VH intraventricular haemorrhage (extension), mRS modified Rankin Scale, NIHSS National Institutes of Health Stroke

Scale, TIA transient ischemic attack

*Two patients had no perihematomal oedema

®No CTA available in 2 patients
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Table 2 Surgical treatment N=40

Time from symptom onset to arrival operating room (hours, min), median (IQR) 5h 53 (4h 15-7h 14)

Interval from symptom onset or last seen well to first cut <4 hours, n (%) 3(7.5)

Interval from symptom onset or last seen well to first cut <6 hours, n (%) 21 (52.5)
Surgery performed on hybrid OR, n (%) 8 (20.0)
Endoscope used, n (%)

Lotta (Storz) 39 (97.5)
Minop (B.Braun) 1(2.5)
Active bleeding during surgery, n (%) 19 (47.5)

Rebleeding or new intracranial bleeding during surgery, n (%) 3(7.5)

Highest systolic blood pressure during surgery (mmHg), median (IQR) 162 (139-189)
117 (97-140)

8(20.0)

Lowest systolic blood pressure during surgery (mmHg), median (IQR)
Re-operation after intra-operative or direct post-operative NCCT, n (%)*

EVD placement, n (%)b

9 (22%)

IQR interquartile range, OR operation room

“In these patients, median duration of surgery (from first cut to skin closure after resumption of operation)

was 2 h and 58 min

PEVD was placed either during the initial surgical procedure, or in a later stadium during admission

Fig.1 A 56-year-old man

with a history of hypertension
presented to the emergency
room with a GCS score of
E3M6V3, an NIHSS score of 21
and ICH-GS score of 9. NCCT
showed a non-lobar haemor-
rhage on the right of 42.9 mL,
with ventricular extension. CTA
showed no spot sign. Surgery
was started 7 h and 40 min after
symptom onset. Postoperatively,
the remaining volume was 3.0
mL, a reduction of 93.1%

Technical efficacy

The median percentage volume reduction on CT at 24 h was
78% (IQR 50-89%) compared to baseline NCCT. Table 3
summarises the secondary safety and technical efficacy
outcomes. In the majority of patients, the ICH volume
was reduced with 60% or more and the remaining volume
<15mL. In one patient (2.5%), the surgical procedure was
converted to a craniotomy because of continuing active
bleeding. Median proportional ICH volume reduction in the
first half of patients was 70.5% (IQR 35.5-86.2) and 82.6%
(IQR 55.4-89.8) in the second half of patients, whilst case
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mix appeared largely comparable (Table 4; Online resource
Fig).

Secondary safety outcomes

Case fatality at 30 days was 10% (95% CI 2.5-23.7%, n=4).
Besides the primary safety outcomes, 16 SAEs within the
first 7 days were reported in 11 patients, of whom 2 patients
that also had a primary safety outcome (Table 5). Another 23
SAEs were registered between 8 and 30 days in 13 patients.
Of these 13 patients, 11 patients also had an earlier SAE
reported within 7 days, of whom two also had a primary
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Table 3 Secondary safety and efficacy outcomes

N=40

ICH volume at 24 h (mL), median (IQR)
Secondary safety outcomes, n (%)
Death within 7 days 1(2.5%)
Death within 30 days 4 (10.0%)

Serious adverse events <7 days, excluding 15 (in 11 patients)
primary safety outcomes

10.5 (5.1-23.8)

Serious adverse events between 8 and 30 days 22 (in 13 patients)
Secondary technical efficacy outcomes, n (%)

Patients with clot volume reduction >60% 28 (70.0)
Patients with clot volume reduction >80% 19 (47.5)
Patients with remaining clot volume <15mL 23 (57.5)
Conversion to craniotomy 1(2.5)

ICH intracerebral haemorrhage, /QR interquartile range

safety outcome. No device-related SAEs were reported. One
patient had an intracranial infection within 7 days (at day 4)
with a positive cerebrospinal fluid (CSF) culture. None of
the 9 patients that were treated with an external ventricular
drain (EVD) developed an intracranial infection proven with
positive CSF cultures. Three of these patients (7.5%) were
pragmatically treated for a suspected intracranial infection,
based on clinical symptoms (n=2) or increased leukocyte
count in the CSF without a decreased glucose level (n=1)
in addition to clinical symptoms, but CSF cultures were not
performed or remained negative.

Four patients (10%) had a rebleed within 30 days,
of whom two within 7 days. In two patients, the rebleed
occurred on the first day (3.5 and 3 h after surgery that was
started 4 h 15 min and 8 h 13 min after symptom onset). In
the other two patients (surgery started after 7 h 40 min and
4 h 11 min after symptom onset), a rebleeding occurred at
day 8 and 11. In the latter, therapeutic heparin was started
because of a pulmonary embolism. All four patients with
a rebleed underwent another surgical procedure: in two an
EVD was placed, one underwent a hemicraniectomy with
hematoma evacuation and another patient was treated with
bilateral EVD-placement and craniotomy. In this 63-year-
old patient with a 48-mL lobar hematoma, a diagnosis of
cerebral amyloid angiopathy was suspected. In one of the
patients treated with EVD, uncontrolled postoperative
hypertension may have contributed to the ICH progression.
A full list of SAEs per organ system can be found in Table 5.

Discussion

In the DIST pilot study, minimally invasive endoscopy-
guided surgery within 8 h of symptom onset in patients with
a spontaneous supratentorial ICH appeared safe and could
be performed with good technical results. Technical efficacy
tended to become better in the second half of the study, sug-
gesting a learning curve for the procedure.

Table 4 Baseline characteristics and surgical results in first and second half of surgical patients

Baseline characteristics

First half of surgical patients (n=19) Second half of surgical patients (n=21)

Age (years), median (IQR)
Men, n (%)

ICH volume baseline (mL), median (IQR)

IVH, n (%)

NIHSS baseline, median (IQR)
GCS baseline, median (IQR)
ICH-GS score, median (IQR)

57 (45-63) 63 (57.5-69.5)
13 (68) 15 (71)

49.7 (29.4-73.7) 42.9 (28.9-65.9)
11 (57.9) 8 (38.1)

20 (19-22) 17 (9.5-20.5)

10 (9-13) 13 (10-14.5)

9 (7-9) 8 (7-9)

Outcomes

Time from symptom onset or last seen well to first incision,
median (IQR)

Postoperative remaining volume (mL), median (IQR)

Absolute ICH volume reduction (mL), median (IQR)

ICH volume reduction >80%, n (%) 6 (31.6)
ICH volume reduction >60%, n (%)
Postoperative remaining volume <15mL 9 (47.4)

Duration of the procedure (first incision to skin closure) median 84.0 (52.0-112.0)

min (IQR)

6h 35min (5h 19min—8h 10min)

16.7 (5.0-30.9)
26.6 (15.5-41.6)

12 (63.2)

7h 12min (5h 35min—7h 55min)

8.4 (4.4-23.0)
35.9 (19.3-50.1)
13 (61.9)
16 (76.2)
14 (66.7)
62.0 (55.5-89.5)

GCS Glasgow Coma Scale score, ICH intracerebral haemorrhage, /CH-GS intracerebral haemorrhage grading scale, /QR interquartile range,
IVH intraventricular haemorrhage (extension), NIHSS National Institutes of Health Stroke Scale
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Table 5 Overview of SAEs
(primary safety outcomes

SAE <7 days SAE 8-30 days

excluded) per organ system Gastro-intestinal disorders - 2
Infections and infestations (other than intracranial infection or pneumonia) 1 1
Nervous system disorders

ICH progression (CT confirmed) 1? 2¢
Clinical deterioration; ICH progression suspected but not CT confirmed 2° 1
ICH progression with epidural hematoma - 1€
ICH progression with hydrocephalus - 1
Intracranial infection, with positive CSF culture 1de -
Suspected intracranial infection (without positive CSF culture) - 4de
Postoperative site infection - 14
Other - 1
Psychiatric disorders 3 1
Renal and urinary disorders 1 1
Respiratory, thoracic and mediastinal disorders
Pneumonia 5 3
Pulmonary embolism 0 1
Reintubation 2 2
Other 0 1
Total 16 23

ICH intracerebral haemorrhage

4One patient had ICH progression at the day of surgery with less than four points NIHSS increase

"Two patients deteriorated clinically but no imaging was performed to confirm ICH progression

€All three occurred in the same patient

40ne patient had an intracranial infection within seven days as well as a postoperative site infection fol-
lowed by an intracranial infection between eight and 30 days

®One patient had an intracranial infection on day four, with a positive cerebrospinal fluid (CSF) culture for
Streptococcus mitis. This patient was not treated with an EVD. Of the other three patients that had a sus-
pected intracranial infection after 7 days, all have had an EVD and none of them had positive CSF cultures

Our study differs from previous studies in that all patients
had minimally invasive endoscopy-guided hematoma evacu-
ation within the time window of 8 h after symptom onset.
Previous non-randomised studies of endoscopy-guided
minimally invasive surgery included patients up to 16 days
after symptom onset with a median time to surgery of 19
h to 2.3 days [23, 46, 50]. In these studies, only a minor-
ity of patients was operated on within 8 h after symptom
onset. The optimal timing of surgical evacuation is still a
topic for debate. In a systematic review and meta-regres-
sion analysis, we recently showed that surgery seemed to be
more effective when performed earlier after symptom onset
[44]. Another review of 15 high-quality studies including
2152 patients found no difference in the risk of death or
dependence between minimally invasive surgery performed
within 24 h (OR 0.49, 95% CI 0.38-0.63, five studies) or
within 72 h (OR 0.57,95% CI 0.43-0.76, 12 studies) as com-
pared with medical care or conventional craniotomy [43].
In both reviews, analyses were based on study level data
and not on individual patient data. In addition, only one of
the included studies restricted inclusion to patients in whom

@ Springer

surgery could be started within 8 h after symptom onset
[37]. In an observational study in 59 patients without a spot
sign on CTA, the authors found no difference in rebleeding
rates after stereotactic aspiration within 6 h or after 6 h after
symptom onset [26]. In contrast, a small pilot study that
assessed hematoma evacuation by means of a craniotomy
within 4 h after symptom onset was stopped early because
rebleeding occurred in four of 11 patients within 24 h after
surgery [34]. In our study, a rebleed did not occur in the
three patients in whom surgery was started within 4 h after
symptom onset, and occurred in only one of 21 patients in
whom surgery was started within 6 h. In MISTIE III (median
time between symptom onset and start of surgery 58 h), six
of 255 patients (2%) had a symptomatic bleeding within 72
h, and 81 patients (32%) an asymptomatic bleeding [16]. In
the ICES study [50] (median time between symptom onset
and start of surgery 30 h), three of 14 patients (21%) had an
asymptomatic bleeding within 72 h, defined as an increase
of at least SmL and less than 2 points increase on the GCS
motor score. Although a previous cohort study in 143
patients with spontaneous ICH who underwent endoscopic
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hematoma evacuation found no association between hyper-
tension and postoperative rebleeding [32], we cannot
exclude that elevated blood pressure after surgery may have
contributed to rebleeding in one of the patients in our study.
In practice, we strive for a systolic blood pressure of <160
mmHg. We could not confirm the findings of previous stud-
ies that the CTA spot sign is associated with postoperative
rebleeding [32, 33]. In addition, we found no association
between the presence of a CTA spot sign and intra-operative
active bleeding, in contrast to what has previously been sug-
gested by others [33]. In that study, 23% of patients were
operated within 8 h, and could also have infratentorial ICH,
and more frequently had a coagulopathy [33] than in our
study. Based on our results, we suggest that patients with
a CTA spot sign should not be excluded from future trials.
Our 30-day case fatality of 10% is similar to that of 9-14%
found in MISTIE III [16], as well as in ICES [50] (7%, 95%
CI 1.8-33.9%) and other prospective studies investigating
minimally invasive endoscopy-guided surgery [23, 46], in
which patients were operated on at a median of 30 h to 3.2
days after symptom onset [16, 23, 46, 50].

The low percentage of intracranial infection (n=1; 2.5%)
in this study was similar to that in MISTIE I (n=2/255;
1%) [16], ICES (n=0/14) [50], and another prospective study
investigating minimally invasive endoscopy-guided surgery
(n=2/49; 4%) [53].

The technical efficacy in our study was similar to the
54 to 97% postoperative ICH volume reduction reported
in other studies of various minimally invasive techniques
performed at later times after symptom onset (median time
between symptom onset to surgery ranging from 19 h to 2.3
days) [23, 28, 46, 47, 50]. Hence, technical efficacy appears
no reason to defer surgery to later time-points.

Previous studies on endoscopic surgery have shown that
the evacuation rate improves with more experience [5, 28,
50], and that better technical results are associated with
improved functional outcomes [16]. In our study, there
also appeared to be a learning curve, with a suggestion of
slightly better technical results in the second part of the
study (albeit with overlapping 95% confidence intervals).
In MISTIE -III, a threshold of four patients per surgeon
and seven per centre was found, after which no patient had
poor end of treatment volumes [16]. This learning curve
is important to take into account in the design of future
studies. The IDEAL recommendations for the design and
reporting of studies on surgical and interventional therapy
innovations [29] advise to monitor the quality of the
intervention, including pre-operative care, surgery, and
post-operative care. For RCTs these recommendations
additionally advise to evaluate the learning curve, ideally
with Bayesian hierarchical models, and to minimise
potential harms by mentoring and training, and to
demonstrate that the technique can be widely adopted by

surgeons [7, 29]. Because of the small sample size, we
refrained from formal analysis of the learning curve.

Based on the results of this study and those of others, we con-
clude that high-quality RCTs are needed to investigate whether
minimally invasive surgery improves functional outcome in
patients with spontaneous supratentorial ICH. It remains to be
determined whether the timing is indeed a key factor in the suc-
cess of this treatment [44, 52], but ‘time is brain’ may also hold
true for ICH [21, 39]. The existence of a learning curve should
be taken into account in the design of such trials.

Several RCTs comparing minimally invasive endoscopy-
guided surgery with standard medical management in different
time windows are ongoing: MIND (NCT03342664) investigates
minimally invasive surgery with the Artemis™ device within
72 h after symptom onset, ENRICH (NCT02880878) investi-
gates minimally invasive surgery with the Brainpath® device
by NICO Corporation (Indianapolis, Indiana, USA) within
24 h after symptom onset, and EVACUATE (NCT04434807)
is investigating minimally invasive aspiration by the Aurora
Surgiscope® by Rebound Therapeutics® (Irvine, California,
USA) within 8 h after symptom onset. In the Dutch Intracer-
ebral Haemorrhage Surgery Trial (DIST, NCT05460793), we
will investigate whether treatment with minimally invasive
endoscopy-guided surgery within 8 hours after symptom onset
in addition to medical management improves functional outcome
after 6 months in comparison with medical management alone.
DIST has started in October 2022 and is estimated to be com-
pleted in 2027. Strengths of the DIST pilot study are its prospec-
tive, multicentre design and the broad inclusion criteria, without
limitations for age, GCS, or the presence of a CTA spot sign,
following a standardised surgical protocol. In addition, all imag-
ing to determine technical efficacy was centrally assessed by an
independent neuroradiologist, blinded for baseline characteristics
and outcomes. Furthermore, we assessed the difference in tech-
nical efficacy between the first half and second half of patients,
highlighting the importance of training.

Our study also has some limitations. First, the sample size
was small. Second, we were not able to report on the effect
of early minimally invasive endoscopy-guided surgery on
functional outcome. Third, we did not keep screening logs.
Furthermore, results might not be generalisable to other
countries than the Netherlands. In particular, the distance to
a neurosurgical centre in the Netherlands is small in com-
parison with other countries.

Conclusion

This study shows that in patients with supratentorial ICH,
minimally invasive endoscopy-guided surgery within 8 h
after symptom onset appears safe and technically effec-
tive. An RCT is needed to assess whether this intervention
improves functional outcome.

@ Springer
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