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Abstract

Background

The role of neurosurgical hematoma evacuation in patients with spontaneous intrac-
erebral hemorrhage (ICH) is still controversial. Patients on anticoagulant medication
are a particularly contentious group because of their higher initial risk for sponta-
neous ICH as well as their potentially increased risk for postoperative hematoma
enlargement with subsequent adverse clinical outcome. We investigated whether
prior oral anticoagulation had an impact on the surgical result, overall mortality, and
functional neurological outcome of the patients. Furthermore, we were interested in

how surgical performance influenced patients’ outcome.

Methods

We conducted a retrospective cohort study of all patients neurosurgically treated
at our University Hospital for the diagnosis of spontaneous ICH from January 2008
to December 2018, as identified systematically from the clinical information system
by ICD and OPS codes. History of prior oral anticoagulation, mortality, pre- and
postoperative functional neurological status as well as relevant laboratory results
were obtained. Preoperative and postoperative CT scans were analyzed regarding

hematoma localization and hematoma evacuation efficacy.

Results

We identified 296 patients with pertinent diagnoses and procedures with a median age
of 69 years and a slight preponderance of male sex (56%). The ratio of supratentorial

to infratentorial hematoma localization was 207 / 81 with no information available
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in 8 patients. Perioperative hemostatic management was clinically effective as the
patients with prior anticoagulant therapy, who presented with a significantly higher
median preoperative hematoma volume, showed similar hematoma evacuation efficacy
to patients without anticoagulation in both supra- and infratentorial hemorrhage.
Reduction of hematoma volume to <15 ml or <30% of preoperative size was achieved in
129 / 176 patients with supratentorial hematoma >30 ml preoperatively, and associated
with a lower in-hospital- as well as one-year mortality, both of which were also
inversely correlated with hematoma evacuation efficacy in infratentorial hematoma.
Low residual hematoma volume was also predictive of functional neurological status

after twelve months in supratentorial hematoma.

Conclusions

Surgical hematoma volume reduction efficacy is associated with improved in-hospital-
and one-year survival in both supratentorial as well as infratentorial spontaneous ICH.
It also positively affects functional neurological outcome in supratentorial ICH. These
results are similar for patients with and without prior oral anticoagulation, and despite
higher initial hematoma volumes in patients with anticoagulation, surgical efficacy
in them was not reduced. According to our results, patients on oral anticoagulants
eligible for neurosurgical hematoma evacuation should not be denied a potentially
lifesaving surgical intervention as perioperative hemostaseological management is

effective in ensuring a safe surgical procedure.
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Abstrakt

Hintergrund

Der Stellenwert neurochirurgischer Himatomausraumung im Rahmen der Therapie
spontaner intrazerebraler Blutungen (IZB) ist nicht abschlielend geklart. Patienten
mit oraler Antikoagulation sind eine Risikogruppe, da sie sowohl ein héheres Risiko
fir das Auftreten einer spontanen IZB als auch ein moglicherweise erhdhtes postop-
eratives Nachblutungsrisiko haben. Wir untersuchten den Einfluss einer bestehenden
Gerinnungshemmung auf chirurgisches Ergebnis, Gesamtmortalitit und funktionelles
neurologisches Ergebnis der Patienten. Weiterhin stellten wir uns die Frage der

Auswirkung des chirurgischen Ergebnisses auf den klinischen Verlauf.

Methoden

Im Rahmen einer retrospektiven Kohortenstudie identifizierten wir anhand der ICD
und OPS Codes alle an unserem Universitatsklinikum neurochirurgisch behandel-
ten Patienten mit spontaner IZB von Januar 2008 bis Dezember 2018, erhoben die
entsprechenden klinischen Daten, insbesondere bestehende orale Antikoagulation,
Mortalitat sowie pra- und postoperativen funktionellen neurologischen Status. Ha-
matomlokalisation und chirurgische Hamatomreduktion wurden mittels pra- und

postoperativer CT-Untersuchungen ausgewertet.

Ergebnisse

Wir identifizierten 296 Patienten mit einem medianen Alter von 69 Jahren und leicht
iiberwiegendem mannlichem Anteil (56%). Das Verhaltnis von supra- zu infratento-

rieller Himatomlokalisation war 207 / 81 , bei 8 Patienten fehlte diese Information.
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Das perioperative Gerinnungsmanagement war klinisch effektiv, da eine bestehende
orale Antikoagulation zwar mit einem signifikant héheren medianen préoperativen,
nicht jedoch postoperativem Hamatomvolumen korrelierte. Die Reduktion des pra-
operativen Hamatomvolumens von >30 auf <15 ml oder <30% des praoperativen
Volumens wurde in 129 / 176 Patienten mit supratentorieller spontaner IZB erreicht
und korrelierte mit einer geringeren Krankenhaus- und 12-Monats-Sterblichkeit und
einem besseren funktionellen neurologischen Ergebnis. Bei infratentoriellen Blutun-
gen zeigte sich eine inverse Korrelation zwischen der Effektivitat der chirurgischen

Hamatomausraumung und der Krankenhaus- sowie der Einjahresmortalitat.

Schluf3folgerungen

Das Ausmass der chirurgischen Himatomreduktion geht sowohl bei supratentoriellen
wie infratentoriellen IZB mit einem verbesserten Uberleben wihrend des Kranken-
hausaufenthaltes als auch nach einem Jahr einher. Es hat dariiber hinaus bei supra-
tentoriellen Blutungen einen positiven Einfluss auf das funktionelle neurologische
Ergebnis. Das gilt in gleicher Weise fiir Patienten mit oder ohne bestehende orale
Antikoagulation, deren chirurgische Ergebnisse sich trotz unterschiedlicher praoper-
ativer Himatomvolumina nicht unterschieden. Aufgrund unserer Ergebnisse sollte
Patienten mit oraler Antikoagulation, die fiir eine neurochirurgische Intervention
qualifizieren, ein potentiell lebensrettender chirurgischer Eingriff nicht verwehrt wer-
den, da das perioperative himostaseologische Management eine sichere Operation

gewahrleisten kann.
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1 Introduction

1.1 Epidemiology of Spontaneous Intracerebral Hemorrhage

Hemorrhagic stroke caused by spontaneous intracerebral hemorrhage (ICH) accounts
for 10 - 15% of strokes in developed countries and is the subtype of stroke with the high-

est burden in terms of deaths and disability-adjusted life years (DALYs) worldwide*>.

Brain damage in ICH can be divided conceptually into primary injury, which occurs
rapidly and is mainly the result of a mass effect, and secondary injury, which is
caused by a multifactorial cascade of pathophysiological processes that are related to
hematoma degradation, oxidative stress, and subsequently developing perihematomal
edema. Hematoma and edema lead to an increase in intracranial volume and, due to
the confinement within the skull, to an increase in intracranial pressure (ICP) with the
risk of life-threatening brain herniation. Even if herniation does not occur, increased
ICP can result in a critical reduction of cerebral blood flow (CBF) below the level
required for cellular survival. Consequently, although the volume of the hematoma
was previously identified as one of the most important predictors of survival in ICH37,
secondary brain injury from the toxic effects of blood degradation’, hypermetabolism®,
oxidative stress® and spreading depolarization'®, among others, poses an additional

life-threatening risk that may perhaps be reduced by surgical hematoma evacuation.

1.2 Anticoagulation Management after Spontaneous Intracere-

bral Hemorrhage

Among the main risk factors for ICH are advanced age, male sex, high blood pressure,
drug use, excessive alcohol consumption, as well as dietary and genetic factors. As

these risk factors also predispose for other cardiovascular diseases, a relevant subset



of the patients presenting with ICH have received oral anticoagulant treatment (OAC)
and/ or antiplatelet therapy (APT). In this setting, spontaneous ICH represents a
well-recognized and potentially fatal complication. Although non-vitamin K oral
anticoagulants (NOACs) may have a reduced risk of severe bleeding if compared to
vitamin K antagonists (VKAs)"' '3, once ICH occurs, hematoma characteristics are
similar and ICH remains a life-threatening event. In retrospective analyses, both VKAs
and NOACs have been reported to be associated with a higher risk of hematoma
expansion, higher mortality and worse functional outcome compared to patients
without prior oral anticoagulant medication (nOAC patients)'4*5. Moreover, there

appears to be an additional detrimental effect of APT in patients receiving VKAs'.

As initial hematoma volume and hematoma growth are powerful predictors of clinical
outcome3~¢, prevention of hematoma growth by aggressive blood pressure manage-
ment and quick restoration of normal hemostasis are considered to be main pillars in
the management of ICH patients'#'7. While administration of prothrombin complex
concentrate (PCC) in patients with VKA intake and administration of idarucizumab for
dabigatran-associated hemorrhage are recommended*®"?, the appropriate hemostatic
management of activated factor X (FXa)-inhibitors is still under discussion, as the
use of PCC in these patients is gradually being replaced by andexanet alfa, which
has been approved for apixaban and rivaroxaban reversal by the European Medicines
Agency (EMA) as of April 2019. Given the decades of difference in clinical experience
between VKA and NOAC treatment, there is an urgent need to collect further data on
the clinical management and safety profile of NOAC-related ICH, particularly in the

context of surgical hematoma evacuation and perioperative hemostatic management.



1.3 The Role of Surgery for Evacuation of Spontaneous Intrac-

erebral Hemorrhage

Despite a number of randomized controlled trials (RCTs), the general role of surgical
intervention for ICH still remains controversial. Largely, this is due to the fact that
the randomized STICH trials*>** failed to show a benefit of early surgical intervention
but, on the other hand, a large meta-analysis that also included data from STICH I
suggested a significant benefit for surgery over medical management for patients who
had early surgery, hematoma volumes between 20 and 50 ml, a Glasgow coma scale
(GCS) score between 9 and 12 and were aged between 50 and 69 years®*. One possible
explanation for this discrepancy compared to the RCT results from STICH I and STICH
IT could be the relevant crossover of patients from conservative treatment to delayed
surgery, e.g. 21% in the STICH II trial*’. On the other hand, the results from the meta-
analysis*? indicate that patient selection in previous RCTs might not have been ideal,
and they show that it remains a critical factor to reliably identify only those patients
as surgical candidates that have the greatest potential to benefit from the procedure.
Next to the factors mentioned above, this also includes the development and utilization
of less invasive (minimally invasive, MIS) surgical approaches®, which could help
limit the collateral tissue damage when approaching deep but also superficial lesions**

and benefit long-term functional outcome and survival®.

Another important factor that may influence outcome and that is naturally affected by
anticoagulation management seems to be the effectiveness of the surgical hematoma
evacuation, in other words the surgical performance®®. In the context of anticoag-
ulation management, this surgical performance can be negatively affected by an
intraoperative difficulty of hemostasis or by postoperative hematoma (re)enlargement,

which has been reported to occur particularly in patients with OAC-associated ICH?”



and likely contributes to unfavorable clinical outcome?.

1.4 Study Aims
In order to

a) systematically characterize the common practice of perioperative anticoagula-
tion management in patients undergoing surgery for ICH evacuation in a large

university hospital, and

b) determine the effect of perioperative anticoagulation management on surgical

performance and clinical outcome,

we performed a retrospective, single-center cohort study of all ICH patients that

underwent microsurgical hematoma evacuation in our department.



2 Methods

2.1 Study Population and Ethics Approval

This study included all consecutive patients that underwent surgery for evacuation
of spontaneous supra- or infratentorial ICH at the Department of Neurosurgery at
the Charité Universitatsmedizin Berlin in Berlin, Germany, from January 2008 to
December 2018. Patients were admitted through the emergency department (ED) or
by external referral to our neuro-intensive care unit and retrospectively identified
by searching the clinical patient information system for ICD-10 codes 161.0 through
161.9, and 162.9*° and procedure codes OPS 5-010.00 through 5-010.0x , 5-013.40, and
5-013.4x%° in order to identify combinations of diseases and procedures pertinent to

the problem as shown in Table 2.

The study was conducted in accordance with the declaration of Helsinki and approved
by the local Ethics Committee of the Charité-Universitatsmedizin Berlin (approval
number: EA1/156/14). Informed consent was waived due to the retrospective nature
of the study and anonymization of the data at the source before analysis, according to

the requirements determined by the Ethics Committee.

2.2 Diagnostics and Indication for Surgery

All patients received non contrast computerized tomography (CT) and CT angiography
(CTA) at the time point of admission. In cases of external referrals, the initial CT
and occasionally the CTA were performed at the referring institution and additional
imaging was obtained upon arrival in our department as needed. In patients under
the age of 60 and/ or with atypical hematoma localization (i.e., lobar or primarily

intraventricular), a digital subtraction angiography (DSA) was performed to rule out a



Table 2: ICD and OPS codes used for identification of patients

ICD codes
I61.0
I61.1
161.2
161.3
161.4
161.5
161.6
161.8
I61.9
162.9

OPS codes

5-010
5-010.00
5-010.01
5-010.02
5-010.03
5-010.04
5-010.0X

5-013.4
5-013.40
5-013.4X

Intrazerebrale Blutung in die Gro3hirnhemisphire, subkortikal
Intrazerebrale Blutung in die Grof3hirnhemisphare, kortikal

Intrazerebrale Blutung in die Gro3hirnhemisphére, nicht ndher bezeichnet
Intrazerebrale Blutung in den Hirnstamm

Intrazerebrale Blutung in das Kleinhirn

Intrazerebrale intraventrikulare Blutung

Intrazerebrale Blutung an mehreren Lokalisationen

Sonstige intrazerebrale Blutung

Intrazerebrale Blutung, nicht naher bezeichnet

Intrakranielle Blutung (nichttraumatisch), nicht nédher bezeichnet

Schéadelerdffnung iiber die Kalotte

Kraniotomie, Kalotte

Kraniotomie, Kalotte tiber die Mittellinie

Kraniotomie, bifrontal

Kraniotomie, temporal

Kraniotomie, subokzipital

Kraniotomie, sonstige

Entleerung eines intrazerebralen Haimatoms

Entleerung eines intrazerebralen Hamatoms, offen chirurgisch
Entleerung eines intrazerebralen Hamatoms, sonstige




structural vascular pathology (i.e., aneurysm, arteriovenous malformation or dural

arterial-venous fistula) as the cause of hemorrhage.

As outlined in 1.3, the indication for surgery and general patient management was
based on institutional and international guidelines that were pertinent during the
period when the patients of the study were treated3'733. Briefly, supratentorial micro-
surgical hematoma evacuation was considered if patients had a premorbid modified
Rankin scale (mRS) grade <1, a GCS score between 5 and 14, a hematoma volume
between 20 and 9o ml, a superficial (lobar) hematoma localization and if possible,
surgery within 72 hours of the hemorrhage. For infratentorial ICH, the indication
for surgery was based on a GCS score below 15 or a subsequent reduction of >2
points of the GCS score in addition to the presence of a space-occupying hematoma
in the posterior fossa with compression of the fourth ventricle and/ or brainstem
with or without hydrocephalus. Patients with mesencephalic, thalamic, brainstem or
mainly intraventricular hemorrhages (IVHs) were generally not considered suitable
for microsurgical hematoma evacuation. Importantly, the use of OAC or APT did not
affect the indication for surgery. All treatment decisions were made within a multidis-
ciplinary context that involved the treating physicians (neurosurgeons, neurologists,
neuro-interventionalists and neuro-intensivists) as well as the patient and next of kin

or caregiver.

2.3 Data Acquisition
2.3.1 Sources of Demographic and Clinical Data

Information on diagnostic ICD and OPS codes were obtained from the clinical infor-
mation system (i.s.h.med/IS-H, Cerner Corporation, North Kansas City, USA; SAP

AG, Walldorf, Germany). Data on demographics, medical history, admission status,



indication for oral anticoagulation, type of oral anticoagulation as well as periopera-
tive hemostatic management and laboratory results were obtained from the clinical
records and patient data management systems (COPRA, COPRA System GmbH, Berlin,

Germany, and MedVision, MedVision AG, Unna, Germany).

2.3.2 Prior Anticoagulant Medication and Hemostatic Therapy

We studied patient records for information on medication with VKAs or NOACs, the
latter being further specified as being either a direct thrombin-inhibitor (dabigatran)
or a FXa-inhibitor (FXa-i, i.e., apixaban, edoxaban, and rivaroxaban), and we deter-
mined the underlying medical condition [deep venous thrombosis (DVT), pulmonary
artery embolism (PAE), atrial fibrillation (AF)] requiring OAC. Furthermore, data were
collected regarding APT with acetylsalicylic acid (ASS) and/ or clopidogrel as well as
the indication for APT [coronary artery disease (CAD) or peripheral arterial occlusive

disease (PAOD)].

Data on hemostatic management were extracted from ED and anesthesiological proto-
cols and included administration of prothrombin complex concentrate (PCC), fresh
frozen plasma (FFP), tranexamic acid (TXA), vitamin K, fibrinogen, platelet concen-
trates, and desmopressin. The effectiveness of hemostatic treatment was evaluated
using prothrombin time (PT/ INR) and activated partial thromboplastin time (aPTT)
recorded at the time point of admission compared to PT/ INR and aPTT at the closest
time point documented before the neurosurgical intervention. If needed and logisti-
cally available, anti-FXa activity was determined and platelet function was additionally
quantified by the in vitro bleeding time (determined by PFA-100), multiple electrode

aggregometry (MEA), and/ or rotational thrombelastometry (ROTEM).

To assess the risk of prolonged drug activity due to impaired renal function, the



glomerular filtration rate (GFR, Cockroft-Gold formula) was determined in all patients.

2.3.3 Imaging Analysis

Non-contrast-enhanced CT scans obtained before surgery and within 24 hours after
surgical intervention were retrospectively analyzed regarding the hematoma volume,
localization, the degree of midline shift (MLS), the presence of intraventricular hem-
orrhage, and involvement of the basal cisterns. In the case of postoperative clinical

deterioration or a refractory increase in ICP, CT imaging was performed immediately.

As shown in Figure 1, volumetric analysis was performed by manual, 3-dimensional
(3D) hematoma segmentation according to the visually identifiable, hyperdense
hematoma in the transverse, sagittal, and coronal CT imaging planes using the
SmartBrush Tool of iPlan cranial image guidance software (iPlan cranial, Version 3.0,

Brainlab AG, Munich, Germany).

Using the same image guidance software, MLS was measured in the transverse plane
as the maximal perpendicular distance (in mm) between the septum pellucidum at the
level of the foramen of Monro and a line drawn along the fronto-occipital midline of

the skull.

2.4 Outcome Parameters

Primary outcome was defined as mortality during the initial period of hospitalization
and functional clinical outcome (including mortality) after one year, as determined by
the mRS grade3. In studies on cerebral stroke, the mRS is a widely applied, validated
tool to evaluate functional independence in activities of daily life, categorizing impair-
ment from no (mRS grade o) to severe disability in bedridden patients with constant

need of nursing case (mRS grade 5) on an ordinal scale. The cutoff between an mRS
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Figure 1: CT scan of the preoperative segmentation of a supratentorial hematoma in
the right frontal and parietal lobes in the transverse (upper right), sagittal (lower left),
and coronal (lower right) planes for 3D reconstruction and automatic calculation of
the hematoma volume using iPlan cranial image guidance software.
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grade <3 and >3 distinguishes patients that are able to ambulate independently (mRS
<3) from those that require assistance for ambulation (mRS >3). The cutoff between
an mRS grade <2 and >2 is typically considered as a threshold to distinguish between
favorable (<2) and unfavorable (>2) outcome. Mortality is defined as an mRS grade
6. In a meta-analysis the mRS grade was found to have a good interobserver and
test-retest reliability, rendering it a suitable instrument to compare pre- and post-
stroke conditions®. In the present study, the mRS grade was determined by telephone

interview with the patient or caregiver according to our institutional practice.

2.5 Preparation of Data and Statistical Analysis

Although not completely applicable to our retrospective design, we adapted the
CONSORT-guidelines3® to include a graphical representation describing patient inclu-

sion (Fig. 2).

All data were assumed to be non-normally distributed and described as median, in-
terquartile range (IQR) and number of subjects for whom information was not available
(NA). For direct comparisons between groups regarding continuous variables boot-
strapped 95% confidence intervals (95%-CI) of the median for estimation of significant
differences were calculated?’. In the case of non-overlapping CIs of numerical data,
subsequent statistical testing was done using Student’s t-test after assuring the ho-
mogeneity of variances by Levene’s test, while for ordinal variables the Wilcoxon
signed-rank test was applied. If CIs for differences of proportions did not include
o, they were compared formally using Fisher’s exact test. Correlation between a
continuous and dichotomous variable was calculated using point-biserial correlation.
All statistical tests were performed with an a of 5% as the cutoff value for statistical

significance.
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Statistical analysis was performed using R version 4.2.2 Patched (2022-11-10 183330)®,
with the packages DescTools, dplyr, ggplotz, grid, gridExtra, gtable, kableExtra, lattice,

latticeExtra, magrittr, plyr, rmarkdown, and tidyverse.
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3 Results

3.1 Patient Characteristics

‘ Episodes identified from database (n = 1647) ‘

‘ after exclusion of neonatal ICH (n = 1629) ‘

neonatal ICH
(n=18)

‘ after exclusion of traumatic ICH (n = 1420) ‘

traumatic ICH
(n=209)

‘ after exclusion of subdural hematoma (n = 1393) ‘

subdural hematoma
(n=27)

‘ after exclusion of secondary ICH (n = 536) ‘

secondary ICH due to
aneurysmatic SAH (n = 248)
arteriovenous malformation (n = 176)
coagulation disorders (n = 101)
ischemic stroke (n = 90)
intracerebral neoplasia (n = 232)
infection (n = 10)

‘ after exclusion of repeat episodes (n = 447) ‘

repeat clinical episode
(n=89)

| final cohort (n = 296) |

medical management
(n=151)

Figure 2: CONSORT-diagram of the study

Using the filtering criteria described above and summarized in Table 2 we identified
a total number of 1,647 clinical episodes (observations) between January 2008 and
December 2018. Of these, 227 were excluded due to ICH in neonates with perinatal
intracerebral hemorrhage or due to traumatic ICH etiology. Another 27 episodes were
excluded due to a leading diagnosis of subdural hematoma. Of the remaining 1,393
observations, 857 were secondary hemorrhages due to aneurysmatic subarachnoid
hemorrhage (248), cerebral arteriovenous malformations (176), coagulation disorders
from either preexisting disease, e.g., hematological malignancy, HELLP-syndrome, or

therapeutic intervention, e.g., systemic lysis, extracorporal circulation (101), and preex-
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isting ischemic- (90), neoplastic- (232), or infectious lesions (10). Of the remaining 536
observations, 89 were excluded because they were linked to a prior intervention, such
as cranioplasty after decompressive craniectomy. Of the remaining 447 observations,
151 were excluded due to medical management alone, resulting in a final sample of n

=296 [165 male, 131 female, median age 69 years (IQR 57 — 75), see Fig. 2 and Tab. 3].

3.2 Anticoagulation and Antiplatelet Therapy

Out of 296 patients that underwent microsurgical evacuation of spontaneous ICH,
86 patients (29%) received anticoagulation and 194 (66%) did not. In 16 patients (5%)
information on prior anticoagulation was unavailable. nOAC patients tended to be
younger (median: 66.5 years, IQR 55 — 74) than the patients receiving either VKAs
(median: 71 years, IQR 64.5 — 77) or NOACs (median: 79 years, IQR 75 — 84). As the
main medical co-morbidity requiring OAC, 67% and 94% of patients receiving VKA or

NOAC suffered from AF, respectively.

27 patients (9%) received both OAC and APT, while 58 patients (20%) received only

APT. Further information regarding prior pharmacotherapy is presented in Table 4.

3.3 ICH Characteristics

The hematoma localization was supratentorial in 207 patients (70%) and infratentorial
in 81 patients (27%). In 8 patients (3%), no imaging was available. The median preop-
erative hematoma volume in patients with supratentorial hematoma localization was
62.1 ml (IQR 43.2 — 81.0) and did not differ between male and female patients (male:
median 63.2 ml, 95%-CI 52.1 — 69.2; female: median 58.9 ml, 95%-CI 50.6 — 66.2, see
Fig. 3). Higher preoperative supratentorial hematoma volumes were noted in patients

who received OAC (OAC: median 77.1 ml, 95%-CI 70.0 — 89.7; nOAC: median 58.8 ml,
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Table 3: Demographic and baseline characteristics of patients

Age
years (median, range) 69
Sex
male 165
female 131
Preexisting medical conditions
hypertension 192
coronary artery disease 37
atrial fibrillation 64
DVT 11
PAD 14
Premorbid mRS grade
mRS o 17
mRS 1 128
mRS 2 24
mRS 3 14
mRS 4 24
mRS 5 5
mRS not done 84
GCS score at admission
GCS 3-8 83
GCSg-12 74
GCS 13- 15 105
GCS not done 34
Hematoma
Basal ganglia 83
Basal ganglia and hemispheres 111
Hemispheres 13
Cerebellum 78
Cerebellum and brain stem 2
Brain stem 1
No imaging available 8

Sys. BP at admission
mmHg (median, range) 176

(2-87)

(56%)
(44%)

(60-290, NA = 133)
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Table 4: Medication of patients

Antihypertensive drugs
RAAS-inhibitor mono
beta-blocker mono
calcium channel blocker mono
diuretic mono
combination therapy
no antihypertensive drugs
no available information

Lipid-lowering therapy
lipid-lowering drugs
no lipid-lowering drugs
no available information

Anticoagulation
Coumarin

median INR (IQR, range)
NOAC

Rivaroxaban

Apixaban

Edoxaban
Heparin
No anticoagulation
Anticoagulation unknown

Platelet inhibition
ASS mono
P2Y12 receptor antagonists mono
Dual inhibition
No inhibition
Platelet inhibition unknown

27
10

83
106
61

50
206

40

60

2.4
16

10

194
16

75

194
16
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95%-CI 54.2 — 63.7, p = 0.006). There was no apparent difference in supratentorial
hematoma volume between VKA and NOAC patients (VKA: median 76.1 ml, 95%-CI
68.4 — 91.5; NOAC: median 81.2 ml, 95%-CI 47.6 — 122.4). Similarly, APT additional to
OAC did not lead to an increased hematoma volume in supratentorial ICH (OAC and
APT: median 80.1 ml, 95%-CI 68.1 — 108.6; OAC without APT: median 63.2 ml, 95%-CI
45.9 — 72.4, p = 0.2, formal statistical testing performed as an exception because of
the seemingly large difference between medians and only a small overlap of 95%-ClIs).
Comparison of nOAC patients with or without APT also did not reveal any apparent
differences in supratentorial hematoma volume (APT: median 63.2 ml, 95%-CI 45.9
- 72.4; no APT: median 56.0 ml, 95%-CI 48.9 — 60.1). Despite differences in overall
hematoma volume, no difference was noted in the degree of preoperative midline
shift beween OAC and nOAC groups (OAC: median 7.4 mm, 95%-CI 6.5 — 9.7; nOAC:
median 6.1 mm, 95%-CI 5.3 — 6.6), see Figure 3. Also, no difference in hematoma
volume was noted between OAC and nOAC groups in patients with infratentorial
hematoma localization (OAC: median 19.7 ml, 95%-CI 15.4 — 23.6; nOAC: median 19.4
ml, 95%-CI 16.5 — 24.0). The same was true for the comparison between OAC with
or without additional APT (OAC and APT: median 16.9 ml, 95%-CI -8.3 — 18.9; OAC
without APT: median 20.0 ml, 95%-CI 16.9 — 28.2) as well as the comparison of nOAC
patients with or without APT (APT: median 20.0 ml, 95%-CI 16.9 — 28.2; no APT:

median 19.1 ml, 95%-CI 15.9 — 23.5).

3.4 Treatment
3.4.1 Preoperative Reversal of Anticoagulation

Patients on VKAs received PCC (PCC, 32 / 60, 53%), FFPs (FFP, 2 / 60, 3%), or both

(15 / 60, 25%). In patients with VKAs that did not receive preoperative hemostatic
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Figure 3: Dependence of supratentorial hematoma volume and midline shift on OAC
and sex. As detailed in 3.3, higher preoperative hematoma volume is associated with
oral anticoagulation but not with patient sex whereas midline shift is independent of
either. Boxplots show median (dot), IQR (boxes) and extremes (whiskers) of preop-
erative supratentorial hematoma volume (upper row) and midline shift (lower row).
Differences in subject numbers are due to missing information in single cases.

treatment (11 / 60, 18%) a maximum INR on admission of 1.3 (median: 1.1, IQR: 1.1 -
1.2) was noted. Overall, hemostatic treatment resulted in a drop in median INR from
2.4 (IQR 1.5 - 3.1, NA = 33) on admission to 1.2 (IQR 1.1 — 1.6, NA = 16) preoperatively.
In 6 patients, neither admission nor preoperative INR was recorded. In patients with
NOACS, hemostatic treatment was attempted in 15 / 16 (94%) patients, either with

PCC alone (12 / 16, 75%), or in combination with FFPs (3 / 16, 19%).

3.4.2 Hematoma Evacuation Efficacy

Examples of supratentorial hematoma evacuation efficacy are shown in Figures 4 and
5 for homogenous and diffuse ICH, respectively.
Compared to the preoperative hematoma volumes described in 3.3, the median post-

operative hematoma volume in patients with supratentorial ICH was 6.8 ml (IQR 2.9 —
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Figure 4: Efficacy of neurosurgical hematoma evacuation shown by comparison of
preoperative (A) to postoperative (B) images in a case of homogenous ICH distribution.
From left to right, the images depict transverse, coronal and sagittal CT images through
the main axis of the hematoma. Hematoma segmentation, as described in the methods
section (2.3.3), is illustrated by the area outlined and shaded in red. In the postoperative
images, near complete removal can be noted.
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19.8) and 2.5 ml (IQR 1.2 — 7.3) in patients with infratentorial ICH, corresponding to
relative reductions of 87% (IQR 68 — 94) and 85% (IQR 68 — 93) from pre- to postop-
eratively in supra- and infratentorial ICH, respectively. There was no difference in
postoperative hematoma volume between OAC and nOAC patients in either supraten-
torial (OAC: median 10.3 ml, 95%-CI -0.5 — 14.7, nOAC: median 6.4 ml, 95%-CI 3.7 —
7.8) or infratentorial ICH (OAC: median 2.8 ml, 95%-CI -2.4 — 4.2, nOAC: median 2.2
ml, 95%-CI 0.7 — 3.1) or between patients receiving VKA or NOACs (supratentorial
VKA: median 7.8 ml, 95%-CI -2.0 - 10.6, supratentorial NOAC: median 19.1 ml, 95%-CI
-11.1 — 32.9), see also Table 5; (infratentorial VKA: median 7.8 ml, 95%-CI -2.0 — 6.7,
infratentorial NOAC: median 1.9 ml, 95%-CI -36.1 — 2.6) .

A

Figure 5: Efficacy of neurosurgical hematoma evacuation shown by comparison of
preoperative (A) to postoperative (B) images in a case of diffuse ICH distribution. From
left to right, the images depict transverse, coronal, and sagittal CT images through the
main axis of the hematoma. Hematoma segmentation, as described in the methods
section (2.3.3), is illustrated by the area outlined and shaded in red.
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Table 5: Treatment results in patients with supratentorial hematoma

no anticoagulation
preoperative hematoma volume (median, IQR) 58.8 ml (42.9 — 77.1)
postoperative hematoma volume (median, IQR) 6.4ml (2.9 - 17.6)
relative reduction of hematoma volume (median, IQR) 87.6%  (69.6 — 94.0)

VKAs
preoperative hematoma volume (median, IQR) 76.1ml  (44.5 — 92.1)
postoperative hematoma volume (median, IQR) 7.8ml (2.3 - 26.6)
relative reduction of hematoma volume (median, IQR) 89.4%  (63.1 — 95.2)

NOAC:s
preoperative hematoma volume (median, IQR) 81.2ml (40.1 - 92.0)
postoperative hematoma volume (median, IQR) 19.1ml (5.3 — 47.0)
relative reduction of hematoma volume (median, IQR) 70.9%  (52.0 — 90.9)

3.4.3 Hematoma Evacuation Efficacy in the Context of MISTIE III

For an additional perspective, in a next step we retrospectively applied the inclusion
criterion of the minimally invasive surgery with thrombolysis in intracerebral haem-
orrhage evacuation (MISTIE IIl) trial regarding the required preoperative hematoma
volume of >30 ml to our cohort and identified 176 / 207 patients (85%) with supra-
tentorial ICH that matched the criterion. The aim of the original protocol to reduce
hematoma volume to <15 ml** was reached in 111 / 176 (63%) patients. The revised
surgical performance criterion (reduction of hematoma volume to <15 ml or <30%
of preoperative size)*® was achieved in 129 / 176 (73%) of patients. Regarding prior
anticoagulation, there was no difference in the proportions of patients in whom the
revised surgical performance criteria were reached (OAC: 33 / 50, 66%; non-OAC: 110

/ 143, 77%, 95%-CI -0.13 — 0.07).
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3.5 Clinical Outcome
3.5.1 Overall Mortality

During the initial hospitalization period, 70 / 294 patients (24%) died. In 2 patients, no
information on initial mortality was available. During the following 12 months, the
death of an additional 28 patients was noted. In 79 patients, information on clinical
outcome was not available. Thus, the overall mortality at one year was determined

with 98 / 217 patients (45%).

Mortality rates according to hematoma localization were 51/ 206 (25%, NA = 1) initially
and 70 / 156 (45%, NA = 51) after one year for supratentorial ICH, and 18 / 81 (22%,

NA = o) initially and 28 / 57 (49%, NA = 24) after one year for infratentorial ICH.

Mortality rates according to the use of OAC were 25 / 76 (33%, NA = 2) initially and
35/ 59 (59%, NA = 17) after one year for OAC-related ICH, and 37 / 192 (19%, NA = o,
95%-Cl 0.01 - 0.30, p = 0.02) initially and 54 / 141 (38%, NA = 53, 95%-CI 0.04 — 0.31, p

= 0.008) after one year for non-OAC-related ICH.

In patients with supratentorial hematoma localization, mortality during the initial
hospitalization was significantly lower if the hematoma volume was successfully
reduced to <15 ml or < 30% of the preoperative volume [low residual volume: 22 / 128
(17%); high residual volume: 24 / 47 (51%), NA = 31, 95%-CI -0.52 - -0.17, p < 0.0001)].
This beneficial performance-related effect on mortality remained notable at one year
[low residual volume: 36 / 97 (37%); high residual volume: 28 / 37 (76%, NA = 22, 95%-CI
-0.47 — -0.15, p < 0.0001)]. In contrast to surgical performance, the use of OAC did not
affect survival: In patients with supratentorial hematoma localization, initial mortality
rates were 17 / 50 for OAC-related ICH (34%) and 30 / 142 for non-OAC-related ICH

(21%, NA = o, 95%-CI -0.03 — 0.30). After one year, mortality rates were 23 / 39 for
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Figure 6: Death during initial hospitalization as a function of percentage of hematoma
volume reduction (negative percentages indicating increased hematoma volume post-
operatively) and stratified according to ICH localization (supra- vs. infratentorial)
and oral anticoagulation (OAC vs. nOAC). Black circles indicate medians, boxes IQRs,
whiskers extremes, and white circles outliers removed more than 1.5 x IQR from
the lower quartile. Infratentorial ICH: OAC patients r,,=-3.13, 95%-CI -0.79 - -0.20,
p = 0.005, nOAC patients r,,=-4.40, 95%-CI -0.77 — -0.34, p < 0.0001; supratentorial
ICH: OAC patients r,,=-2.72, 95%-CI -0.60 — -0.10, p = 0.009, nOAC patients r,,=-4.29,
95%-CI -0.49 — -0.19, p < 0.0001.
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OAC-related ICH (59%) and 42 / 107 for non-OAC-related ICH (39%, NA = 46, 95%-CI

-0.003 — 0.32).

In 61 patients with infratentorial hematoma, localization information on mortality was
available. Here, initial mortality correlated inversely with the percentage of hematoma
volume reduction (r,,= -0.58, 95%-CI -0.73 - -0.39, p < 0.0001, see Fig. 6), indicating a
beneficial, performance-related effect of hematoma evacuation on survival, similar to
patients with supratentorial ICH. Likewise, this performance-related effect remained
notable at one year after ICH (n = 45, r,,= -0.35, 95%-CI -0.58 — -0.06, p = 0.02). In
contrast to surgical performance and also similarly to supratentorial localization,
prior OAC did not relevantly affect survival: In patients with infratentorial hematoma
localization, initial mortality rates were 8 / 25 for OAC-related ICH (32%) and 7 / 45
for non-OAC-related ICH (16%, NA = o, 95%-CI -0.10 — 0.55). After one year, mortality
rates were 12 / 20 for OAC-related ICH (60%) and 12 / 30 for non-OAC-related ICH

(40%, NA = 20, 95%-CI -0.12 — 0.50).

3.5.2 Patient Performance as Assessed by mRS

We were able to obtain an mRS grade at twelve months in 114 patients after supra-
tentorial ICH (NA = 93). Within the subgroup of patients with low and high residual
hematoma volume according to the updated MISTIE III definition?®, no difference
was detected between nOAC and OAC patients [low hematoma volume: nOAC (n
= 60, median mRS: 4, IQR 3 - 5) vs. OAC (n = 19, median mRS: 4, IQR 4 - 6); high
hematoma volume: nOAC (n = 15, median mRS: 6, IQR 4 — 6) vs. OAC (n = 6, median
mRS: 6, IQR 5 - 6), NA for both comparisons = 14, see Fig. 7]. Likewise, no difference
in outcome was detected between nOAC and OAC patients if low and high hematoma
volumes were grouped [nOAC (n = 88, median mRS: 4, IQR 3 - 6) vs. OAC (n = 26,

median mRS: 5, IQR 4 - 6)]. However, a significant difference was noted between
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Figure 7: Functional outcome at 12 months in patients with supratentorial ICH strati-
fied according to the prior use of anticoagulation (OAC) or no anticoagulation (nOAC)
and low (upper panel) or high residual hematoma volume (lower panel) according to
the MISTIE III criteria. The bar length represents the relative frequency of mRS-scores
in each group and the numbers within the bars show the absolute numbers of patients
in each category.



patients with low and high hematoma volume regardless of prior anticoagulation [low
hematoma volume (n = 79, median mRS: 4, IQR 3 - 6) vs. high hematoma volume (n
= 21, median mRS: 6, IQR 4 - 6), NA = 14, p = 0.002)], indicating worse outcome in
patients with high residual hematoma volume compared to those with low residual
volume. While this difference was no longer statistically significant after excluding
deaths [low hematoma volume (n = 59, median mRS: 4, IQR 3 - 4) vs. high hematoma
volume (n = 9, median mRS: 4, IQR 4 - 5), NA = 13, p = 0.1)], the distribution of the
mRS grades of surviving patients at twelve months as shown in Figure 8 suggests that
a sizeable proportion of patients profit from a good surgical result with regard to their

functional outcome.
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Figure 8: Distribution of mRS grade at 12 months in surviving patients with supra-
tentorial ICH stratified according low (left panel) or high residual hematoma volume
(right panel) according to the MISTIE III criteria.

We were able to obtain mRS grades after one year in 45 patients (NA = 36) with
infratentorial hematoma localization. As in supratentorial hematoma, no difference in
outcome was detected between nOAC and OAC patients [nOAC (n = 27, median mRS:

4, IQR 4 — 6) vs. OAC (n = 13, median mRS: 4, IQR 3 — 6), NA = 5]. Due to the small
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number of patients in each group, we binned mRS grades into favourable (o - 2) and
unfavourable (3 - 5) outcomes and performed a biserial correlation with the surgical

efficacy, which was not statistically significant (n = 25, r,,= -0.16, 95%-CI -0.52 - 0.25,

p = 0.4).
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4 Discussion

4.1 Patient Characteristics

The demographic characteristics in the cohort that we identified appeared comparable
to the patient characteristics in previously published RCTs on surgical ICH evacuation:
Regarding sex, the male to female ratio was 1.3:1 in our cohort, similar to STICH
I(1.3:1)*°, STICH II (1.3:1)*", and the OAC-ICH cohort (1.3:1)"*, whereas MISTIE III
reported a higher proportion of men (1.8:1)*%. Regarding age, the median age of our
patients (69 years) was slightly higher than in STICHI (62 years)*°, STICHII (65 years)*’,
and MISTIE III (62 years)*. Consistent with the previous observation of an older age
of patients receiving OACs compared to patients without prior OAC medication's,
patients in our cohort that received either VKAs (71 years) or NOACs (79 years) trended
towards being older than patients without anticoagulation (66.5 years). Furthermore,
the percentage of patients that received OACs in our cohort (29%) was within the range
expected to be encountered in a large academic hospital setting3’, albeit higher than
the reported 7%, 19%, and 10% in the neurosurgically treated arms of STICH I, STICH
I, and MISTIE III, respectively®>*"?4. Possibly, this slightly older median age together
with the higher percentage of patients that received OAC prior to the hemorrhage can
be explained by the fact that the patients in our retrospective analysis did not meet the
strict inclusion and exclusion criteria regarding age and anticoagulation as patients in
the previously mentioned RCTs did. Furthermore, this effect could also be due to the
fact that only patients that underwent surgery and also patients with infratentorial
hemorrhage were included. On the other hand, we believe that our findings represent
the clinical characteristics of the patient population that is considered for microsurgical
ICH evacuation in an unmasked and generalizable fashion, because a detailed patient

selection based on demographics was not performed. The higher median age that we
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noted in NOAC compared to VKA patients may represent a phasing phenomenon
during the still ongoing transition from VKA to NOAC prescription as first-line OAC,
so that comparisons between these two groups have to be interpreted with caution.
In addition to the older age in our cohort, the numerous cardiovascular medical
comorbidities as listed in Table 3 might have resulted in a less favourable risk profile
compared to the STICH*>*' and MISTIE III populations®, as two thirds of our patients
with prior VKAs and almost all patients with NOACs received OAC for prevention
of embolic complications due to AF, and a high prevalence of patients with CAD on
APT was noted. Although the prevalence of CAD is difficult to compare, the fact that
(1) the previous history of CAD in our cohort was twice as high as the percentage
of patients with prior myocardial infarction reported in the RCTs, along with (2) the
lower percentage of patients that received APT in the STICH**?** and MISTIE III*
trials, at least to some degree suggests that our cohort may have suffered a higher

cardiovascular risk before the ICH event.

4.2 Perioperative Anticoagulation Management

As outlined in the discussion on the limitations of the present work (please see 4.4),
the suggested beneficial effect of hemostatic management on postoperative hematoma
(re)expansion in patients receiving VKAs*’ could not be assessed due to lack of a control
group. According to the internal standard operating procedure in our hospital, all ICH
patients with an INR >1.3 were treated with either PCC, FFPs, or both, which appears
to be in line with current recommendations'® and effectively improved the median,
preoperative INR from initially 2.4 to 1.2. Similarly, an attempt was made to antagonize
NOACS according to the guidelines pertinent before the availability of andexanet alfa
in almost all NOAC patients'®. However, information on the effectiveness of NOAC

antagonization in the present study is likely hampered because the number of NOAC
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patients in our cohort is small and routine plasmatic coagulation parameters, such
as INR, are not suited to capture the anticoagulatory effect of NOACs. Furthermore,
data on the last NOAC intake and anti-FXa activity as well as thrombin time on
admission and before surgery were not routinely recorded. For dabigatran especially,
elimination occurs predominantly by renal excretion (80%), and the risk of severe
bleeding increases with impaired renal function, as anticoagulant activity is linearly
correlated to its plasma concentration?. Therefore, upcoming studies with more
sizeable groups of NOAC patients beside routinely assessing quantitative information
on patients’ renal function should focus more on a wider spectrum of coagulation
parameters such as calibrated anti-FXa-activity for FXa-i or thrombin time for direct
thrombin (factor II) inhibitors. The appropriate hemostaseological management of
NOAC patients regarding diagnostics and therapy is currently under constant change

and the revision of guidelines is often outpaced by new developments?*'.

4.3 Hematoma Characteristics
4.3.1 Supratentorial Hematoma Characteristics

The preoperative supratentorial hematoma volumes in patients selected for surgery
in the present study (62 ml, IQR 43 — 81) appeared larger than those reported in the
neurosurgically treated groups of STICH I (40 ml, IQR 24 - 63)*°, STICH II (38 ml, IQR
24 — 54)**, and MISTIE III (43 ml, IQR 30 - 55)*%. This appears to be in line with recent
findings suggesting that the benefits of surgery compared to medical management
may be more pronounced at or above a hematoma volume of 30 — 40 ml#*. Although
no clear recommendations for an upper hematoma volume limit exists, currently, most
would consider 8o — 9o ml to be reasonable, given that above such a volume, patients

most likely present with a severely reduced GCS score below 8, which is reported to

31



be an indicator for medical instead of surgical management**4>43.

Consistent with the literature, patients with supratentorial ICH receiving either VKAs**
or NOACs% had significantly larger preoperative hematoma volumes, whereas there
was no difference noted in preoperative hematoma volumes between the two types of
OAC. As mentioned above, the latter needs to be interpreted with caution because
the number of patients in our NOAC cohort was very low compared to the number
of patients receiving VKAs. Interestingly, however, preoperative OAC in patients
undergoing surgery for ICH evacuation did not translate into worse outcome as
suggested by a previous study on medical management of spontaneous ICH*. This
represents a main finding of our study and suggests that anticoagulation should not be
regarded as an exclusion criterion for surgical ICH evacuation per se if perioperative

management and correction of impaired anticoagulation is readily available.

4.3.2 Supratentorial Hematoma Evacuation Efficacy and Minimally Invasive

Approach

While there is still much to be explored concerning the pathophysiology of brain injury
due to ICH, the main rationales for neurosurgical hematoma evacuation are to reduce
the primary mass effect of the hematoma and limit the risk of secondary neurological
injury in the wake of hematoma degradation, such as inflammation, microthrombosis,
excitotoxicity, spreading depolarization and perihematomal edema, among others. In
addition, injury of the vulnerable perihematomal tissue by surgical intervention needs
to be considered as a potential source of secondary damage that may negatively affect
the outcome. Consequently, an increased interest has recently occurred regarding the
development of less or minimally invasive approaches, as conventional early as well

20,21,46

as delayed interventions have failed to improve outcomes . For this reason, we

compared the results of our cohort with those of the recently published RCT on mini-
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mally invasive supratentorial hematoma evacuation, MISTIE III*7. Although the main
findings of this trial were negative, a subgroup analysis of patients with successful
hematoma reduction below <15 ml or <30% of the initial volume showed that in these
cases, surgery did in fact lead to an improved outcome?®. Most importantly, the fact
that only 60% of all patients included in the surgical arm of MISTIE III achieved this
threshold, together with the fact that patients in the present study similarly experi-
enced less favorable outcome in cases of high residual hematoma volume, highlights
the relevance of achieving high evacuation rates when performing any type of surgery
for supratentorial ICH evacuation. It is most likely that the low surgical evacuation
performance in more than a third of the surgical MISTIE III cohort was one of the
main reasons for the negative outcome of this well-designed RCT and consequently,

other minimally invasive techniques still remain under investigation**~5'.

4.3.3 Infratentorial Hematoma Characteristics

In 27% of our patients the hematoma localization was infratentorial, which is higher
than the reported 4.6% for the combined cohorts of INTERACT 1 and 25, the 13.6%
that were the result of a meta-analysis of four trials>?, or the 13% that were reported
in a recent observational study>*. Again, a direct comparison to our study needs
to be performed with caution, since our cohort only included patients that were
treated surgically. Given the relative scarcity of patients being treated surgically in
comprehensive stroke centers®>, our cohort was likely oversampled regarding patients
with infratentorial ICH compared to cohorts that include both surgically and medically
treated patients. Nevertheless, the small percentage (4%) of patients with brainstem
as opposed to cerebellar hemorrhage in our study also mirrors the reluctancy to
surgically evacuate an infratentorial ICH with primary brainstem involvement>*54.

Regarding the hematoma volume, the median infratentorial hematoma volume that
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we noted (20.0 ml) was considerably larger than the median infratentorial hematoma
volume reported in the medically managed INTERACT trials (5.1 ml for cerebellar
ICH localization and 1.6 ml for brain stem hemorrhage)>*. This is likely explained
by the fact that INTERACT only recruited patients that did not require surgical
intervention, in which case hematoma volumes would be expected to be smaller than
in a surgically treated cohort with infratentorial ICH, such as ours. Confirmation for
this assumption was delivered by a recent meta-analysis showing that in cerebellar
ICH, the median hematoma volume was 30 ml in the surgically treated patients vs. 4.7
ml in the medically treated patients>3. As 96% of our patients with infratentorial ICH
had a cerebellar localization of hemorrhage, these data seem pertinent to our patient
cohort. On the other hand, the percentage of patients with an infratentorial hematoma
volume above 30 ml in our study (17%) was comparable to the percentage (20%) that
was recently reported for the subgroup of cerebellar ICH in a prospective observational
study of patients presenting with spontaneous ICH regardless of ensuing treatment>*

and to a certain degree this suggests a generalizability of our findings.

Since the evacuation rate of the hematoma volume in our cohort of infratentorial ICH
patients was predictive of in-hospital- as well as one-year survival, whereas prior OAC
was not and prospective data on the outcome of surgery for spontaneous infratentorial
ICH is still lacking, future studies could focus on investigating the effect of surgery in
the form of prospectively organized registries or cluster-based randomised trials, with
comprehensive stroke centers randomized as clusters in order to limit contamination
effects seen in RCTs due to biased inclusion through varying standard operating
procedures and department policies on the management of this limited and complex

patient cohort.
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4.4 Limitations

The main limitation of the present study is the retrospective design with a lack of
control groups regarding patients that did not receive hemostatic treatment (see 4.2)
as well as patients that received non-surgical treatment. However, since surgical
versus non-surgical management of ICH has already been reported in a number of
RCTs, in the present study we deliberately focused on surgical aspects of hematoma
evacuation in the context of OAC because despite the negative results reported in RCTs,
surgery remains an accepted treatment option for carefully selected ICH patients and
so far, information on the clinical course in the context of OAC with appropriate

perioperative hemostatic management is still lacking.

Regarding our study design, comparability among retrospective single-center studies
and to RCTs is naturally hampered by non-standardized patient identification and
selection bias. In the present study, an example for this is that we also included patients
with infratentorial ICH, despite known differences in patient selection criteria com-
pared to supratentorial ICH. However, the decision for surgical versus non-surgical
management also remains a matter of debate in patients with infratentorial sponta-
neous ICH>3, where the risk factors and hemostatic management considerations are the
same as in supratentorial ICH. In order to increase the generilizability of our findings
and minimize selection bias, we therefore systematically identified all patients with
supra- and infratentorial spontaneous ICH according to the pertinent diagnostic ICD
and therapeutic OPS codes recorded in the hospital information system. The reliability
of such administrative datasets tends to be high and finalized administrative datasets
most closely represent the existing clinical practice within an institution; however,
their clinical validity regarding individual cases or particular subgroups is less clear*,

despite the fact that they represent the oldest form of systematic quality control in
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the medical profession®’. Thus, the inhomogeneous distribution of confounders in
single-center cohort studies is one of the main reasons why RCTs are considered the

gold standard of study designs.

In addition to anticoagulation, one of the most highly relevant factors of ICH manage-
ment is perioperative blood pressure management. The fact that this was not assessed
in our analysis remains a clear limitation. On the other hand, blood pressure man-
agement in spontaneous ICH was also beyond the scope and purpose of our present
study and remains a separate matter of debate, considering that recent meta-analyses
showed no benefit regarding clinical outcome, despite modest beneficial effects on
hematoma expansion after intensive blood pressure management in non-surgically

treated patients5®¢°.

Another limitation is the variability of the mRS grade as the selected outcome param-
eter, because although the clinical outcome of “death” is unequivocal, the mRS grades
o — 5 remain prone to a certain degree of subjectivity, albeit with good interobserver
and test-retest reliability?>. Also, by design the mRS grade does not capture a detailed
neurological status and is unable to represent neuropsychological outcome, quality
of life, or limitations in daily living and activities, which are becoming increasingly
important considering the often severe neuropsychological deficits and socioeconomic
limitations that patients suffer after ischemic or hemorrhagic stroke. Post-stroke
depression is present in up to a third of patients®, and anxiety in 22% according to a
recent controlled prospective cohort study, often combined with posttraumatic stress
disorder®?. Other common neurological sequelae are apathy® and fatigue®. While
being important research fields with probably large impacts for the affected patients,
all of these require elaborate clinical instruments to differentiate post-stroke from

idiopathic psychiatric illness, whereas the mRS score is practical, simple and well estab-
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lished by now, and also permits a dichotomous categorization of favorable (mRS grade
o — 2) versus unfavorable (mRS grade 3 - 5) outcome. Of course, the answer to the
question of what constitutes a favorable outcome differs between individual patients,
caregivers and treating physicians. Most importantly, this requires a continuing debate
and individual consideration in order to best counsel patients, particularly during the
decision-making process towards the option of performing a potentially lifesaving

procedure that will likely result in at least some degree of moderate disability.

While some studies suggest an additional detrimental effect of having APT in addition
to OAC, we found no indication for this in our cohort when looking at hematoma
volume in both supra- and infratentorial ICH (see 3.3), possibly due to the small number
of patients receiving both OAC and APT (n = 27), and therefore did not analyze these
patients as a separate subgroup but included them in the OAC group. The same was
true for the comparison of nOAC patients with or without APT, that were analyzed as

one group, accordingly.

Lastly, we performed a post-hoc exclusion of a small, inhomogeneous subgroup of
patients (n = 10) with severe cardiovascular risk factors and continuous heparin
monotherapy due to congenital cardiac malformations and cardiac assist devices for
prevention of acute heart failure, because this group was considered too small for any

reasonable analysis (see Tab. 4).

4.5 Conclusion

The present study mirrors the everyday experience of microsurgical ICH evacua-
tion performed in one of the largest university hospitals in Europe. By analyzing
an observation period of eleven years, the following key findings were identified:

First, hematoma evacuation performance seems to affect early and late survival for
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spontaneous ICH, which falls in line with the central findings of the recently published
MISTIE III trial regarding a beneficial effect on mortality and functional outcome in
cases of high surgical hematoma volume evacuation. Second, the use of anticoagu-
lation did not relevantly affect the evacuation efficacy in our cohort, which appears
to be at least partially due to hemostatic countermeasures initiated before surgery.
Importantly, this underlines that the implementation of preoperative hemostasio-
logic management strategies can help to ensure effective microsurgical hematoma
evacuation. Furthermore, the use of NOACs did not appear to negatively affect ICH
evacuation efficacy, which is relevant because antidotes against NOACs were not
readily available and the subgroup of patients receiving NOACs as OAC is expected
to increase due to the aging demographic development, which will likely result in a

higher number of patients with comorbidities requiring routine anticoagulation.

38



References

1. Sacco S, Marini C, Toni D, Olivieri L, Carolei A. Incidence and 10-year sur-
vival of intracerebral hemorrhage in a population-based registry. Stroke.

2009;40(2):394-399. doi:10.1161/STROKEAHA.108.523209

2. Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, Connor M, Bennett
DA, Moran AE, Sacco RL, Anderson LM, Truelsen T, O’'Donnell M, Venketa-
subramanian N, Barker-Collo S, Lawes CMM, Wang W, Shinohara Y, Witt E,
Ezzati M, Naghavi M, Murray C, Global Burden of Diseases, Injuries, Risk Fac-
tors Study 2010 (GBD 2010), GBD Stroke Experts Group. Global and regional
burden of first-ever ischaemic and haemorrhagic stroke during 1990-2010:
findings from the Global Burden of Disease Study 2010. Lancet Glob Health.
2013;1(5):€259-281. d0i:10.1016/S2214-109X(13)70089-5

3. Tuhrim S, Dambrosia JM, Price TR, Mohr JP, Wolf PA, Hier DB, Kase CS. Intrac-
erebral hemorrhage: external validation and extension of a model for prediction
of 30-day survival. Ann Neurol. 1991;29(6):658-663. doi:10.1002/ana.410290614

4. Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster G. Volume of intracere-
bral hemorrhage. A powerful and easy-to-use predictor of 30-day mortality.
Stroke. 1993;24(7):987-993. doi:10.1161/01.5tr.24.7.987

5. Brott T, Broderick J, Kothari R, Barsan W, Tomsick T, Sauerbeck L, Spilker J,
Duldner J, Khoury J. Early Hemorrhage Growth in Patients With Intracerebral

Hemorrhage. Stroke. 1997;28(1):1-5. doi:10.1161/01.STR.28.1.1

39


https://doi.org/10.1161/STROKEAHA.108.523209
https://doi.org/10.1016/S2214-109X(13)70089-5
https://doi.org/10.1002/ana.410290614
https://doi.org/10.1161/01.str.24.7.987
https://doi.org/10.1161/01.STR.28.1.1

10.

Davis SM, Broderick J, Hennerici M, Brun NC, Diringer MN, Mayer SA, Begtrup
K, Steiner T, Recombinant Activated Factor VII Intracerebral Hemorrhage
Trial Investigators. Hematoma growth is a determinant of mortality and poor
outcome after intracerebral hemorrhage. Neurology. 2006;66(8):1175-1181.

doi:10.1212/01.wnl.0000208408.98482.99

Wagner KR, Sharp FR, Ardizzone TD, Lu A, Clark JF. Heme and iron metabolism:
role in cerebral hemorrhage. J Cereb Blood Flow Metab. 2003;23(6):629-652.

doi:10.1097/01.WCB.0000073905.87928.6D

Ardizzone TD, Lu A, Wagner KR, Tang Y, Ran R, Sharp FR. Glutamate Receptor
Blockade Attenuates Glucose Hypermetabolism in Perihematomal Brain After
Experimental Intracerebral Hemorrhage in Rat. Stroke. 2004;35(11):2587-2591.

d0i:10.1161/01.STR.0000143451.14228.ff

Gong C, Hoff JT, Keep RF. Acute inflammatory reaction following exper-
imental intracerebral hemorrhage in rat. Brain Res. 2000;871(1):57-65.

do0i:10.1016/50006-8993(00)02427-6

Helbok R, Schiefecker AJ, Friberg C, Beer R, Kofler M, Rhomberg P, Unterberger
I, Gizewski E, Hauerberg ], Moller K, Lackner P, Broessner G, Pfausler B,
Ortler M, Thome C, Schmutzhard E, Fabricius M. Spreading depolarizations
in patients with spontaneous intracerebral hemorrhage: Association with
perihematomal edema progression. J Cereb Blood Flow Metab. 2017;37(5):1871-

1882. d0i:10.1177/0271678X16651269

40


https://doi.org/10.1212/01.wnl.0000208408.98482.99
https://doi.org/10.1097/01.WCB.0000073905.87928.6D
https://doi.org/10.1161/01.STR.0000143451.14228.ff
https://doi.org/10.1016/s0006-8993(00)02427-6
https://doi.org/10.1177/0271678X16651269

11.

12.

13.

14.

Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz
MD, Camm AJ, Weitz JI, Lewis BS, Parkhomenko A, Yamashita T, Antman EM.
Comparison of the efficacy and safety of new oral anticoagulants with warfarin
in patients with atrial fibrillation: a meta-analysis of randomised trials. Lancet.
2014;383(9921):955-962. d0i:10.1016/S0140-6736(13)62343-0

van der Hulle T, Kooiman J, den Exter PL, Dekkers OM, Klok FA, Huisman MV.
Effectiveness and safety of novel oral anticoagulants as compared with vitamin
K antagonists in the treatment of acute symptomatic venous thromboembolism:
a systematic review and meta-analysis. J Thromb Haemost. 2014;12(3):320-328.

doi:10.1111/jth.12485

Inohara T, Xian Y, Liang L, Matsouaka RA, Saver JL, Smith EE, Schwamm LH,
Reeves MJ, Hernandez AF, Bhatt DL, Peterson ED, Fonarow GC. Association of
Intracerebral Hemorrhage Among Patients Taking Non-Vitamin K Antagonist
vs Vitamin K Antagonist Oral Anticoagulants With In-Hospital Mortality.

JAMA. 2018;319(5):463-473. doi:10.1001/jama.2017.21917

Kuramatsu JB, Gerner ST, Schellinger PD, Glahn J, Endres M, Sobesky J, Flech-
senhar J, Neugebauer H, Jiittler E, Grau A, Palm F, Rother J, Michels P, Hamann
GF, Huwel ], Hagemann G, Barber B, Terborg C, Trostdorf F, Bazner H, Roth
A, Wohrle ], Keller M, Schwarz M, Reimann G, Volkmann J, Millges W, Kraft
P, Classen J, Hobohm C, Horn M, Milewski A, Reichmann H, Schneider H,
Schimmel E, Fink GR, Dohmen C, Stetefeld H, Witte O, Guinther A, Neumann-
Haefelin T, Racs AE, Nueckel M, Erbguth F, Kloska SP, Dorfler A, Kéhrmann M,
Schwab S, Huttner HB. Anticoagulant reversal, blood pressure levels, and anti-
coagulant resumption in patients with anticoagulation-related intracerebral

hemorrhage. JAMA. 2015;313(8):824-836. doi:10.1001/jama.2015.0846

41


https://doi.org/10.1016/S0140-6736(13)62343-0
https://doi.org/10.1111/jth.12485
https://doi.org/10.1001/jama.2017.21917
https://doi.org/10.1001/jama.2015.0846

15.

16.

17.

Kuramatsu JB, Sembill JA, Gerner ST, Spriigel MI, Hagen M, Roeder SS, Endres
M, Haeusler KG, Sobesky J, Schurig J, Zweynert S, Bauer M, Vajkoczy P, Ringleb
PA, Purrucker J, Rizos T, Volkmann ], Miillges W, Kraft P, Schubert AL, Erbguth
F, Nueckel M, Schellinger PD, Glahn ], Knappe U], Fink GR, Dohmen C, Stetefeld
H, Fisse AL, Minnerup J, Hagemann G, Rakers F, Reichmann H, Schneider H,
Wopking S, Ludolph AC, Stosser S, Neugebauer H, Rother J, Michels P, Schwarz
M, Reimann G, Bazner H, Schwert H, Claflen ], Michalski D, Grau A, Palm F,
Urbanek C, Wohrle JC, Alshammari F, Horn M, Bahner D, Witte OW, Gunther
A, Hamann GF, Licking H, Dorfler A, Achenbach S, Schwab S, Huttner HB.
Management of therapeutic anticoagulation in patients with intracerebral
haemorrhage and mechanical heart valves. Eur Heart J. 2018;39(19):1709-1723.

doi:10.1093/eurheartj/ehyos6

Spriiggel MI, Kuramatsu JB, Gerner ST, Sembill JA, Beuscher VD, Hagen
M, Roeder SS, Licking H, Struffert T, Dorfler A, Schwab S, Huttner HB.
Antiplatelet Therapy in Primary Spontaneous and Oral Anticoagulation-

Associated Intracerebral Hemorrhage.  Stroke.  2018;49(11):2621-2629.
doi:10.1161/STROKEAHA.118.021614

Anderson CS, Heeley E, Huang Y, Wang J, Stapf C, Delcourt C, Lindley R, Robin-
son T, Lavados P, Neal B, Hata J, Arima H, Parsons M, Li Y, Wang J, Heritier S,
Li Q, Woodward M, Simes RJ, Davis SM, Chalmers J, INTERACT2 Investigators.
Rapid blood-pressure lowering in patients with acute intracerebral hemorrhage.

N Engl J Med. 2013;368(25):2355-2365. doi:10.1056/NEJMoa1214609

42


https://doi.org/10.1093/eurheartj/ehy056
https://doi.org/10.1161/STROKEAHA.118.021614
https://doi.org/10.1056/NEJMoa1214609

18.

19.

20.

21.

Frontera JA, Lewin JJ, Rabinstein AA, Aisiku IP, Alexandrov AW, Cook AM,
Del Zoppo GJ, Kumar M, Peerschke EIB, Stiefel MF, Teitelbaum ]S, Wartenberg
KE, Zerfoss CL. Guideline for Reversal of Antithrombotics in Intracranial
Hemorrhage: Executive Summary. A Statement for Healthcare Professionals
From the Neurocritical Care Society and the Society of Critical Care Medicine.

Crit Care Med. 2016;44(12):2251-2257. d0i:10.1097/CCM.0000000000002057

Pollack CV, Reilly PA, van Ryn ], Eikelboom JW, Glund S, Bernstein RA, Dubiel
R, Huisman MV, Hylek EM, Kam CW, Kamphuisen PW, Kreuzer ], Levy JH,
Royle G, Sellke FW, Stangier ], Steiner T, Verhamme P, Wang B, Young L, Weitz
JI. Idarucizumab for Dabigatran Reversal - Full Cohort Analysis. N Engl 7 Med.

2017;377(5):431-441. doi:10.1056/NEJMoa1707278

Mendelow AD, Gregson BA, Fernandes HM, Murray GD, Teasdale GM, Hope
DT, Karimi A, Shaw MDM, Barer DH, STICH investigators. Early surgery versus
initial conservative treatment in patients with spontaneous supratentorial
intracerebral haematomas in the International Surgical Trial in Intracerebral
Haemorrhage (STICH): a randomised trial. Lancet. 2005;365(9457):387-397.
doi:10.1016/S0140-6736(05)17826-X

Mendelow AD, Gregson BA, Rowan EN, Murray GD, Gholkar A, Mitchell
PM, STICH II Investigators. Early surgery versus initial conservative
treatment in patients with spontaneous supratentorial lobar intracerebral
haematomas (STICH II): a randomised trial. Lancet. 2013;382(9890):397-408.

doi:10.1016/S0140-6736(13)60986-1

43


https://doi.org/10.1097/CCM.0000000000002057
https://doi.org/10.1056/NEJMoa1707278
https://doi.org/10.1016/S0140-6736(05)17826-X
https://doi.org/10.1016/S0140-6736(13)60986-1

22.

23.

24.

25.

Gregson BA, Broderick JP, Auer LM, Batjer H, Chen XC, Juvela S, Morgen-
stern LB, Pantazis GC, Teernstra OPM, Wang WZ, Zuccarello M, Mendelow
AD. Individual patient data subgroup meta-analysis of surgery for sponta-

neous supratentorial intracerebral hemorrhage. Stroke. 2012;43(6):1496-1504.

doi:10.1161/STROKEAHA.111.640284

Hecht N, Czabanka M, Kendlbacher P, Raff JH, Bohner G, Vajkoczy P. Intraoper-
ative CT and cone-beam CT imaging for minimally invasive evacuation of spon-
taneous intracerebral hemorrhage. Acta Neurochir (Wien). 2020;162(12):3167-
3177. d0i:10.1007/500701-020-04284-y

Hanley DF, Thompson RE, Rosenblum M, Yenokyan G, Lane K, McBee N, Mayo
SW, Bistran-Hall AJ, Gandhi D, Mould WA, Ullman N, Ali H, Carhuapoma
JR, Kase CS, Lees KR, Dawson ], Wilson A, Betz JF, Sugar EA, Hao Y, Avad-
hani R, Caron JL, Harrigan MR, Carlson AP, Bulters D, LeDoux D, Huang
J, Cobb C, Gupta G, Kitagawa R, Chicoine MR, Patel H, Dodd R, Camarata
PJ, Wolfe S, Stadnik A, Money PL, Mitchell P, Sarabia R, Harnof S, Barzo P,
Unterberg A, Teitelbaum JS, Wang W, Anderson CS, Mendelow AD, Gregson
B, Janis S, Vespa P, Ziai W, Zuccarello M, Awad IA, MISTIE III Investigators.
Efficacy and safety of minimally invasive surgery with thrombolysis in in-
tracerebral haemorrhage evacuation (MISTIE III): a randomised, controlled,
open-label, blinded endpoint phase 3 trial. Lancet. 2019;393(10175):1021-1032.

doi:10.1016/S0140-6736(19)30195-3

Scaggiante J, Zhang X, Mocco J, Kellner CP. Minimally Invasive
Surgery for Intracerebral Hemorrhage. Stroke. 2018;49(11):2612-2620.

d0i:10.1161/STROKEAHA.118.020688

44


https://doi.org/10.1161/STROKEAHA.111.640284
https://doi.org/10.1007/s00701-020-04284-y
https://doi.org/10.1016/S0140-6736(19)30195-3
https://doi.org/10.1161/STROKEAHA.118.020688

26.

27.

28.

29.

Awad IA, Polster SP, Carriéon-Penagos J, Thompson RE, Cao Y, Stadnik A, Money
PL, Fam MD, Koskimaki J, Girard R, Lane K, McBee N, Ziai W, Hao Y, Dodd R,
Carlson AP, Camarata PJ, Caron JL, Harrigan MR, Gregson BA, Mendelow AD,
Zuccarello M, Hanley DF, MISTIE III Trial Investigators. Surgical Performance
Determines Functional Outcome Benefit in the Minimally Invasive Surgery
Plus Recombinant Tissue Plasminogen Activator for Intracerebral Hemor-
rhage Evacuation (MISTIE) Procedure. Neurosurgery. 2019;84(6):1157-1168.

doi:10.1093/neuros/nyzo77

Flibotte JJ, Hagan N, O’Donnell ], Greenberg SM, Rosand ]J. Warfarin,
hematoma expansion, and outcome of intracerebral hemorrhage. Neurology.

2004;63(6):1059-1064. doi:10.1212/01.wnl.0000138428.40673.83

Hanger HC, Fletcher V], Wilkinson TJ, Brown AJ, Frampton CM, Sainsbury R.
Effect of aspirin and warfarin on early survival after intracerebral haemorrhage.

F Neurol. 2008;255(3):347-352. d0i:10.1007/500415-008-0650-Z

Deutsches Institut fiir Medizinische Dokumentation und Information (DIMDI)
im Auftrag des Bundesministeriums fiir Gesundheit (BMG) in Koopera-
tion mit der Kassenirztlichen Bundesvereinigung (KVB). ICD-10-GM Version
2019, Systematisches Verzeichnis, Internationale Statistische Klassifikation Der
Krankheiten Und Verwandter Gesundheitsprobleme, 10. Revision, Stand: 5. Okto-
ber 2018.; 2018. Accessed March 28, 2021. https://www.dimdi.de/static/de/klass

ifikationen/icd/icd-10-gm/kode-suche/htmlgm2o19/

45


https://doi.org/10.1093/neuros/nyz077
https://doi.org/10.1212/01.wnl.0000138428.40673.83
https://doi.org/10.1007/s00415-008-0650-z
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2019/
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2019/

30.

31.

32.

Deutsches Institut fiir Medizinische Dokumentation und Information (DIMDI)
im Auftrag des Bundesministeriums fiir Gesundheit (BMG) unter Beteili-
gung der Arbeitsgruppe OPS des Kuratoriums fir Fragen der Klassifika-
tion im Gesundheitswesen (KKG). Operationen- Und Prozedurenschliissel Ver-
sion 2019 Mit Aktualisierungen Bis Zum 3. Dezember 2018.; 2018. https:

//www.dimdi.de/static/de/klassifikationen/ops/kode-suche/opshtml2o019/

Broderick J, Connolly S, Feldmann E, Hanley D, Kase C, Krieger D, May-
berg M, Morgenstern L, Ogilvy CS, Vespa P, Zuccarello M, American Heart
Association, American Stroke Association Stroke Council, High Blood Pres-
sure Research Council, Quality of Care and Outcomes in Research Interdis-
ciplinary Working Group. Guidelines for the management of spontaneous
intracerebral hemorrhage in adults: 2007 update: a guideline from the Amer-
ican Heart Association/American Stroke Association Stroke Council, High
Blood Pressure Research Council, and the Quality of Care and Outcomes
in Research Interdisciplinary Working Group. Stroke. 2007;38(6):2001-2023.

doi:10.1161/STROKEAHA.107.183689

Morgenstern LB, Hemphill JC, Anderson C, Becker K, Broderick JP, Connolly
ES, Greenberg SM, Huang JN, MacDonald RL, Messé SR, Mitchell PH, Selim
M, Tamargo R], American Heart Association Stroke Council and Council on
Cardiovascular Nursing. Guidelines for the management of spontaneous intrac-
erebral hemorrhage: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke. 2010;41(9):2108-2129.

doi:10.1161/STR.obo13e3181ec611b

46


https://www.dimdi.de/static/de/klassifikationen/ops/kode-suche/opshtml2019/
https://www.dimdi.de/static/de/klassifikationen/ops/kode-suche/opshtml2019/
https://doi.org/10.1161/STROKEAHA.107.183689
https://doi.org/10.1161/STR.0b013e3181ec611b

33.

34.

35.

36.

37

38.

39.

Hemphill JC, Greenberg SM, Anderson CS, Becker K, Bendok BR, Cushman M,
Fung GL, Goldstein JN, Macdonald RL, Mitchell PH, Scott PA, Selim MH, Woo
D, American Heart Association Stroke Council, Council on Cardiovascular and
Stroke Nursing, Council on Clinical Cardiology. Guidelines for the Manage-
ment of Spontaneous Intracerebral Hemorrhage: A Guideline for Healthcare
Professionals From the American Heart Association/American Stroke Associa-

tion. Stroke. 2015;46(7):2032-2060. d0i:10.1161/STR.0000000000000069

Kasner SE. Clinical interpretation and use of stroke scales. Lancet Neurol.

2006;5(7):603-612. d0i:10.1016/S1474-4422(06)70495-1

Banks JL, Marotta CA. Outcomes Validity and Reliability of the Modified Rankin
Scale: Implications for Stroke Clinical Trials. Stroke. 2007;38(3):1091-1096.

doi:10.1161/01.STR.0000258355.23810.c6

Moher D, Hopewell S, Schulz KF, Montori V, Getzsche PC, Devereaux P]J,
Elbourne D, Egger M, Altman DG. CONSORT 2010 explanation and elabora-
tion: updated guidelines for reporting parallel group randomised trials. BM7.
2010;340:¢869. doi:10.1136/bmj.c869

Carpenter ], Bithell J. Bootstrap confidence intervals: when, which, what?
A practical guide for medical statisticians. Stat Med. 2000;19(9):1141-1164.
doi:10.1002/(SICI)1097-0258(20000515)19:9<1141::AID-SIM479>3.0.CO;2-F

R Core Team. R: A Language and Environment for Statistical Computing.; 2022.
https://www.R-project.org/

Horstmann S, Rizos T, Lauseker M, Mohlenbruch M, Jenetzky E, Hacke W,
Steiner Th, Veltkamp R. Intracerebral hemorrhage during anticoagulation
with vitamin K antagonists: a consecutive observational study. J Neurol.

2013;260(8):2046-2051. d0i:10.1007/500415-013-6939-6

47


https://doi.org/10.1161/STR.0000000000000069
https://doi.org/10.1016/S1474-4422(06)70495-1
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.1136/bmj.c869
https://doi.org/10.1002/(SICI)1097-0258(20000515)19:9%3C1141::AID-SIM479%3E3.0.CO;2-F
https://www.R-project.org/
https://doi.org/10.1007/s00415-013-6939-6

40.

41.

42.

43.

44.

Stangier ], Feuring M. Using the HEMOCLOT direct thrombin inhibitor assay
to determine plasma concentrations of dabigatran. Blood Coagul Fibrinolysis.

2012;23(2):138-143. doi:10.1097/MBC.obo13e32834f1boc

Hofer S, Schlimp CJ, Casu S, Grouzi E. Management of Coagulopathy in Bleed-

ing Patients. 7 Clin Med. 2021;11(1). doi:10.3390/jcm11010001

Gregson BA, Mitchell P, Mendelow AD. Surgical Decision Making in Brain Hem-

orrhage. Stroke. 2019;50(5):1108-1115. doi:10.1161/STROKEAHA.118.022694

Polster SP, Carrién-Penagos J, Lyne SB, Gregson BA, Cao Y, Thompson RE,
Stadnik A, Girard R, Money PL, Lane K, McBee N, Ziai W, Mould WA, Igbal
A, Metcalfe S, Hao Y, Dodd R, Carlson AP, Camarata PJ, Caron JL, Harri-
gan MR, Zuccarello M, Mendelow AD, Hanley DF, Awad IA, on behalf of
the MISTIE III and STICH I and II investigators. Intracerebral Hemorrhage
Volume Reduction and Timing of Intervention Versus Functional Benefit and
Survival in the MISTIE III and STICH Trials. Neurosurgery. 2021;88(5):961-970.

doi:10.1093/neuros/nyaas72

Steiner T, Poli S, Griebe M, Hiising ], Hajda ], Freiberger A, Bendszus M, Bosel
J, Christensen H, Dohmen C, Hennerici M, Kollmer J, Stetefeld H, Wartenberg
KE, Weimar C, Hacke W, Veltkamp R. Fresh frozen plasma versus prothrombin
complex concentrate in patients with intracranial haemorrhage related to
vitamin K antagonists (INCH): a randomised trial. Lancet Neurol. 2016;15(6):566-

573. d0i:10.1016/S1474-4422(16)00110-1

48


https://doi.org/10.1097/MBC.0b013e32834f1b0c
https://doi.org/10.3390/jcm11010001
https://doi.org/10.1161/STROKEAHA.118.022694
https://doi.org/10.1093/neuros/nyaa572
https://doi.org/10.1016/S1474-4422(16)00110-1

45.

46.

47.

48.

49.

Purrucker JC, Haas K, Rizos T, Khan S, Wolf M, Hennerici MG, Poli S, Klein-
schnitz C, Steiner T, Heuschmann PU, Veltkamp R. Early Clinical and Radi-
ological Course, Management, and Outcome of Intracerebral Hemorrhage
Related to New Oral Anticoagulants. JAMA Neurol. 2016;73(2):169-177.

doi:10.1001/jamaneurol.2015.3682

Morgenstern LB, Demchuk AM, Kim DH, Frankowski RF, Grotta JC. Rebleeding
leads to poor outcome in ultra-early craniotomy for intracerebral hemorrhage.

Neurology. 2001;56(10):1294-1299. doi:10.1212/wnl.56.10.1294

Ziai WC, McBee N, Lane K, Lees KR, Dawson ], Vespa P, Thompson RE, Mende-
low AD, Kase CS, Carhuapoma JR, Thompson CB, Mayo SW, Reilly P, Janis
S, Anderson CS, Harrigan MR, Camarata PJ, Caron JL, Zuccarello M, Awad
IA, Hanley DF, MISTIE III Investigators. A randomized 500-subject open-label
phase 3 clinical trial of minimally invasive surgery plus alteplase in intrac-
erebral hemorrhage evacuation (MISTIE III). Int J Stroke. 2019;14(5):548-554.

doi:10.1177/1747493019839280

Spiotta AM, Fiorella D, Vargas ], Khalessi A, Hoit D, Arthur A, Lena ], Turk AS,
Chaudry MI, Gutman F, Davis R, Chesler DA, Turner RD. Initial multicenter
technical experience with the Apollo device for minimally invasive intracere-
bral hematoma evacuation. Neurosurgery. 2015;11 Suppl 2:243-251; discussion
251. doi:10.1227/NEU.0000000000000698

Vespa P, Hanley D, Betz J, Hoffer A, Engh ], Carter R, Nakaji P, Ogilvy C,
Jallo J, Selman W, Bistran-Hall A, Lane K, McBee N, Saver J, Thompson RE,
Martin N. ICES (Intraoperative Stereotactic Computed Tomography-Guided
Endoscopic Surgery) for Brain Hemorrhage. Stroke. 2016;47(11):2749-2755.

doi:10.1161/STROKEAHA.116.013837

49


https://doi.org/10.1001/jamaneurol.2015.3682
https://doi.org/10.1212/wnl.56.10.1294
https://doi.org/10.1177/1747493019839280
https://doi.org/10.1227/NEU.0000000000000698
https://doi.org/10.1161/STROKEAHA.116.013837

50.

51.

52.

Labib MA, Shah M, Kassam AB, Young R, Zucker L, Maioriello A, Britz G, Agbi
C, Day J, Gallia G, Kerr R, Pradilla G, Rovin R, Kulwin C, Bailes J. The Safety
and Feasibility of Image-Guided BrainPath-Mediated Transsulcul Hematoma
Evacuation: A Multicenter Study. Neurosurgery. 2017;80(4). https://journals.
ww.com/neurosurgery/Fulltext/2017/04000/The_Safety_and_Feasibility_of

Image_Guided.10.aspx

Kellner CP, Song R, Pan ], Nistal DA, Scaggiante J, Chartrain AG, Rumsey ],
Hom D, Dangayach N, Swarup R, Tuhrim S, Ghatan S, Bederson JB, Mocco
J. Long-term functional outcome following minimally invasive endoscopic
intracerebral hemorrhage evacuation. J Neurolntervent Surg. 2020;12(5):489.

doi:10.1136/neurintsurg-2019-015528

Chen R, Wang X, Anderson CS, Robinson T, Lavados PM, Lindley RI, Chalmers
J, Delcourt C, null null. Infratentorial Intracerebral Hemorrhage. Stroke.

2019;50(5):1257-1259. doi:10.1161/STROKEAHA.118.023766

50


https://journals.lww.com/neurosurgery/Fulltext/2017/04000/The_Safety_and_Feasibility_of_Image_Guided.10.aspx
https://journals.lww.com/neurosurgery/Fulltext/2017/04000/The_Safety_and_Feasibility_of_Image_Guided.10.aspx
https://journals.lww.com/neurosurgery/Fulltext/2017/04000/The_Safety_and_Feasibility_of_Image_Guided.10.aspx
https://doi.org/10.1136/neurintsurg-2019-015528
https://doi.org/10.1161/STROKEAHA.118.023766

53.

54.

55-

56.

Kuramatsu JB, Biffi A, Gerner ST, Sembill JA, Spriigel MI, Leasure A, Sans-
ing L, Matouk C, Falcone GJ, Endres M, Haeusler KG, Sobesky ], Schurig J,
Zweynert S, Bauer M, Vajkoczy P, Ringleb PA, Purrucker J, Rizos T, Volkmann
J, Millges W, Kraft P, Schubert AL, Erbguth F, Nueckel M, Schellinger PD,
Glahn J, Knappe U], Fink GR, Dohmen C, Stetefeld H, Fisse AL, Minnerup ]J,
Hagemann G, Rakers F, Reichmann H, Schneider H, Rahmig ], Ludolph AC,
Stosser S, Neugebauer H, Rother J, Michels P, Schwarz M, Reimann G, Bazner
H, Schwert H, Clafien J, Michalski D, Grau A, Palm F, Urbanek C, Wohrle JC,
Alshammari F, Horn M, Bahner D, Witte OW, Giinther A, Hamann GF, Hagen
M, Roeder SS, Licking H, Dorfler A, Testai FD, Woo D, Schwab S, Sheth KN,
Huttner HB. Association of Surgical Hematoma Evacuation vs Conservative
Treatment With Functional Outcome in Patients With Cerebellar Intracerebral

Hemorrhage. JAMA. 2019;322(14):1392-1403. doi:10.1001/jama.2019.13014

Patel VD, Garcia RM, Swor DE, Liotta EM, Maas MB, Naidech A. Natural
History of Infratentorial Intracerebral Hemorrhages: Two Subgroups with
Distinct Presentations and Outcomes. J Stroke Cerebrovasc Dis. 2020;29(8).

doi:10.1016/j.jstrokecerebrovasdis.2020.104920

Patel NM, Tran QK, Capobianco P, Traynor T, Armahizer MJ, Motta M, Parikh
GY, Badjatia N, Chang WT, Morris NA. Triage of Patients with Intracerebral
Hemorrhage to Comprehensive Versus Primary Stroke Centers. J Stroke Cere-

brovasc Dis. 2021;30(5). doi:10.1016/j.jstrokecerebrovasdis.2021.105672

Hanisch E, Weigel TF, Buia A, Bruch H-P. Die Validitat von Routinedaten
zur Qualitatssicherung. Eine qualitative systematische Ubersichtsarbeit [The
validity of routine data on quality assurance: A qualitative systematic review].

Chirurg. 2016;87(1):56-61. d0i:10.1007/500104-015-0012-1

51


https://doi.org/10.1001/jama.2019.13014
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104920
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105672
https://doi.org/10.1007/s00104-015-0012-1

57-

58.

59.

60.

61.

62.

Codman EA(ErnestA. A study in hospital efficiency : as demonstrated by the
case report of the first five years of a private hospital. [Boston : Th. Todd co.];
1918. Accessed December 11, 2018. http://archive.org/details/studyinhospitale
oocodm

Tsivgoulis G, Katsanos AH, Butcher KS, Boviatsis E, Triantafyllou N, Ri-
zos I, Alexandrov AV. Intensive blood pressure reduction in acute intrac-
erebral hemorrhage: a meta-analysis. Neurology. 2014;83(17):1523-1529.

doi:10.1212/WNL.0000000000000917

Boulouis G, Morotti A, Goldstein JN, Charidimou A. Intensive blood pres-
sure lowering in patients with acute intracerebral haemorrhage: clinical out-
comes and haemorrhage expansion. Systematic review and meta-analysis
of randomised trials. J Neurol Neurosurg Psychiatry. 2017;88(4):339-345.
doi:10.1136/jnnp-2016-315346

Gong S, Lin C, Zhang D, Kong X, Chen J, Wang C, Li Z, Chen R, Sheng P, Dong
Y, Hou L. Effects of Intensive Blood Pressure Reduction on Acute Intracerebral
Hemorrhage: A Systematic Review and Meta-analysis. Sci Rep. 2017;7(1):10694.
doi:10.1038/s41598-017-10892-Z

Hackett ML, Pickles K. Part I: Frequency of Depression after Stroke: An Updated
Systematic Review and Meta-Analysis of Observational Studies. International

Journal of Stroke. 2014;9(8):1017-1025. doi:10.1111/ijs.12357

Chun HYY, Whiteley WN, Dennis MS, Mead GE, Carson AJ. Anxiety Af-
ter Stroke: The Importance of Subtyping. Stroke. 2018;49(3):556-564.

doi:10.1161/STROKEAHA.117.020078

52


http://archive.org/details/studyinhospitale00codm
http://archive.org/details/studyinhospitale00codm
https://doi.org/10.1212/WNL.0000000000000917
https://doi.org/10.1136/jnnp-2016-315346
https://doi.org/10.1038/s41598-017-10892-z
https://doi.org/10.1111/ijs.12357
https://doi.org/10.1161/STROKEAHA.117.020078

63.

64.

van Dalen JW, Moll van Charante EP, Nederkoorn PJ, van Gool
WA, Richard E. Poststroke apathy. Stroke. 2013;44(3):851-860.
doi:10.1161/STROKEAHA.112.674614

Brodtmann A, van de Port IGL. Fitness, depression, and poststroke fatigue.

Neurology. 2013;81(18):1566. doi:10.1212/WNL.obo13e3182a9f59b

53


https://doi.org/10.1161/STROKEAHA.112.674614
https://doi.org/10.1212/WNL.0b013e3182a9f59b

54



Eidesstattliche Erklarung

sAch, Julia Helene Raff, versichere an Eides statt durch meine eigenhindige Unter-
schrift, dass ich die vorgelegte Dissertation mit dem Thema: Predictors of outcome
in neurosurgically treated patients with spontaneous intracerebral hemorrhage (Ein-
flussfaktoren auf das klinische Ergebnis von neurochirurgisch behandelten Patienten
mit spontaner intracerebraler Blutung) selbststindig und ohne nicht offengelegte
Hilfe Dritter verfasst und keine anderen als die angegebenen Quellen und Hilfsmittel
genutzt habe.

Alle Stellen, die wortlich oder dem Sinne nach auf Publikationen oder Vortriigen an-
derer Autoren/innen beruhen, sind als solche in korrekter Zitierung kenntlich gemacht.
Die Abschnitte zu Methodik (insbesondere praktische Arbeiten, Laborbestimmungen,
statistische Aufarbeitung) und Resultaten (insbesondere Abbildungen, Graphiken und
Tabellen) werden von mir verantwortet.

Ich versichere ferner, dass ich die in Zusammenarbeit mit anderen Personen gener-
ierten Daten, Datenauswertungen und Schlussfolgerungen korrekt gekennzeichnet
und meinen eigenen Beitrag sowie die Beitrige anderer Personen korrekt kenntlich
gemacht habe (siche Anteilserklirung). Texte oder Textteile, die gemeinsam mit
anderen erstellt oder verwendet wurden, habe ich korrekt kenntlich gemacht.

Meine Anteile an etwaigen Publikationen zu dieser Dissertation entsprechen de-
nen, die in der untenstehenden gemeinsamen Erklarung mit dem/der Erstbetreuer/in,
angegeben sind. Fiir saimtliche im Rahmen der Dissertation entstandenen Publika-
tionen wurden die Richtlinien des ICMJE (International Committee of Medical Jour-
nal Editors; www.icmje.og) zur Autorenschaft eingehalten. Ich erklire ferner, dass
ich mich zur Einhaltung der Satzung der Charité — Universitatsmedizin Berlin zur
Sicherung Guter Wissenschaftlicher Praxis verpflichte.

Weiterhin versichere ich, dass ich diese Dissertation weder in gleicher noch in dhnlicher
Form bereits an einer anderen Fakultit eingereicht habe.

Die Bedeutung dieser eidesstattlichen Versicherung und die strafrechtlichen Folgen
einer unwahren eidesstattlichen Versicherung (§§ 156, 161 des Strafgesetzbuches) sind
mir bekannt und bewusst.”

0% 0Y Jo) 3

Datum Unterschrift

55



Julia Helene Raff hatte folgenden Anteil an den folgenden Publikationen:

Publikation 1: Hecht N, Czabanka M, Kendlbacher P, Raff JH, Bohner G, Vajkoczy
P. Intraoperative CT and cone-beam CT imaging for minimally invasive
evacuation of spontaneous intracerebral hemorrhage. Acta Neurochir (Wien).

2020;162(12):3167-3177. doi:10.1007/500701-020-04284-y

Beitrag im Einzelnen: Der von der Doktorandin erstellte und aufbereiteten
Datensatz war Grundlage der Publikation dahingehend,

« dass die in der Publikation beschriebenen Patienten von der Dok-
torandin in der im Kapitel Methoden beschriebenen Weise identifiziert
wurden,

« die klinischen Daten der Patienten (unter anderem Tabelle 1 der Pub-
likation) von der Doktorandin erhoben wurden und

« die Auswertungen der pra- und postoperativen CTs der Kohorte durch
die Doktorandin in derselben Weise erfolgt wie fiir die in dieser Dis-
sertation beschriebenen Kohorte (Erge@uam;i@ne unter anderem

Tabelle 2 der Publikation). U UVERSITATSMEDIZIN BERLIN
“linik for Neurochirurgie
FD Dr. med. Nils Hecht
Stellv. Klinikdirektor
“ampus Benjamiln Franklin
H thurgdamm 30| D-12203 Berlin
L 420 i i +£%10430 450 - 560 752

. eaefae +49:0130 450,-560 940 .
Unterschrift, Datum und Stempel des erstbetreuenden Hochstiv @rs/in

04. 04. Jol3
Unterschrift des Doktoranden/der Doktorandin

56



Lebenslauf

Mein Lebenslauf wird aus datenschutzrechtlichen Griunden in der elektronischen

Version meiner Arbeit nicht veroffentlicht.

57



58



Danksagung

Mein aufrichtiger Dank gilt zundchst dem Erstbetreuer der vorliegenden Dissertation,
Herrn Privatdozent Dr. Nils Hecht, fiir die lehrreiche, konstruktive und geduldige

Zusammenarbeit wahrend der Erstellung der Arbeit.

Herrn Professor Dr. Peter Vajkoczy danke ich fiir die Gelegenheit, die an seiner Klinik

erhobenen Daten fiir meine Dissertation auszuwerten.

Dariiber hinaus danke ich meinen Eltern, Frau Dr. Katrin Raff fiir die Unterstiitzung
abseits der Arbeit, die Motivation und das stets offene Ohr, und Herrn Dr. Thorsten
Raff fiir die fachliche Unterstiitzung bei der statistischen Auswertung der Daten, das

kritische Lesen der Arbeit und die angeregten Diskussionen.

Herrn Professor Dr. Peter Horn danke ich fur das frithe Heranfithren an das Fach der

Neurochirurgie.

Abschlielend gilt mein besonderer Dank Herrn Dr. phil. Danny Schmidt fiir den
schonen, bereichernden gemeinsamen Weg durch das Studium und unsere Promo-

tionsvorhaben.

59



60



CHARITE

CharitéCentrum fir Human- und Gesundheitswissenschaften

Charité | Campus Charité Mitte | 10117 Berlin Institut fiir Biometrie und klinische Epidemiologie (iBikE)

Direktor: Prof. Dr. Frank Konietschke

Postantschrift:

Charitéplatz 1 | 10117 Berlin
Besucheranschrift:
Reinhardtstr. 58 | 10117 Berlin

Name, Vorname: Raff, Julia Helene

Emailadresse: julia-helene.raff@charite.de

®

Matrikelnummer: 218919 fTeI.k+i9 (_O)tBOhT(SO@56h21Z1 5 I
. . rank.kKonietschke@cnarite.ae

Promotionsbetreuerin: PD Dr. Nils Hecht https //biometrie.charite.de/

Promotionsinstitution / Klinik: Klinik fiir Neurochirurgie

Bescheinigung

Hiermit bescheinige ich, dass Frau Julia Helene Raff innerhalb der Service Unit Biometrie des Instituts
flir Biometrie und klinische Epidemiologie (iBikE) bei mir eine statistische Beratung zu einem
Promotionsvorhaben wahrgenommen hat. Folgende Beratungstermine wurden wahrgenommen:

e Termin 1: 25.01.2022
Folgende wesentliche Ratschldage hinsichtlich einer sinnvollen Auswertung und Interpretation der
Daten wurden wahrend der Beratung erteilt:

e Darstellung der Daten mit Box- oder Violinplots

e Moglichkeit der Auswertung: Spearman Korrelation

e Andere Moglichkeit: Dichotomisieren der Modified Ranking Scale, auswerten mittels

Logistischer Regression

Diese Bescheinigung garantiert nicht die richtige Umsetzung der in der Beratung gemachten
Vorschlage, die korrekte Durchfiihrung der empfohlenen statistischen Verfahren und die richtige
Darstellung und Interpretation der Ergebnisse. Die Verantwortung hierfiir obliegt allein dem

Promovierenden. Das Institut fir Biometrie und klinische Epidemiologie Gbernimmt hierfiir keine

Haftung.
Datum: Name des Beraters/der Beraterin:
(CHARITE
UNIVERSITATSMEDIZIN BERLIN
Unterschrift Beraterln, Institutsstempel Institut {dr Biometrie und

i § £ "

!

61


Julia Raff


	Contents
	List of Figures
	List of Tables
	Abbreviations
	Abstract
	Background
	Methods
	Results
	Conclusions

	Abstrakt
	Hintergrund
	Methoden
	Ergebnisse
	Schlußfolgerungen

	1 Introduction
	1.1 Epidemiology of Spontaneous Intracerebral Hemorrhage
	1.2 Anticoagulation Management after Spontaneous Intracerebral Hemorrhage
	1.3 The Role of Surgery for Evacuation of Spontaneous Intracerebral Hemorrhage
	1.4 Study Aims

	2 Methods
	2.1 Study Population and Ethics Approval
	2.2 Diagnostics and Indication for Surgery
	2.3 Data Acquisition
	2.3.1 Sources of Demographic and Clinical Data
	2.3.2 Prior Anticoagulant Medication and Hemostatic Therapy
	2.3.3 Imaging Analysis

	2.4 Outcome Parameters
	2.5 Preparation of Data and Statistical Analysis

	3 Results
	3.1 Patient Characteristics
	3.2 Anticoagulation and Antiplatelet Therapy
	3.3 ICH Characteristics
	3.4 Treatment
	3.4.1 Preoperative Reversal of Anticoagulation
	3.4.2 Hematoma Evacuation Efficacy
	3.4.3 Hematoma Evacuation Efficacy in the Context of MISTIE III

	3.5 Clinical Outcome
	3.5.1 Overall Mortality
	3.5.2 Patient Performance as Assessed by mRS


	4 Discussion
	4.1 Patient Characteristics
	4.2 Perioperative Anticoagulation Management
	4.3 Hematoma Characteristics
	4.3.1 Supratentorial Hematoma Characteristics
	4.3.2 Supratentorial Hematoma Evacuation Efficacy and Minimally Invasive Approach
	4.3.3 Infratentorial Hematoma Characteristics

	4.4 Limitations
	4.5 Conclusion

	References
	Eidesstattliche Erklärung
	Lebenslauf
	Danksagung
	Bescheinigung statistische Beratung

