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Background and Purpose To evaluate the frequency and outcome of haemorrhagic transforma-
tion (HT) after ischaemic stroke in patients treated with non-vitamin K antagonist oral anticoagulants
(NOACs).

Methods Patients with stroke on treatment with a NOAC were prospectively enrolled in this multi-
centre observational study between February 2012 and 2015. Brain imaging at admission and follow-
up imaging until day 7 were reviewed for HT. Functional outcome was assessed by the modified
Rankin scale (mRS) before the index event, at discharge, and at 3-months.

Results 231 patients without recanalisation therapy (no-RT), and 32 patients with RT were eligible
for analysis. Any HT was present at admission in 9/231 no-RT patients (3.9%, 95% Cl 2.0 to 7.3) and
in none of the patients with RT. In patients with follow-up imaging (no-RT, n=129, and RT, n=32), HT
was present in 14.0% (no-RT; 95% Cl, 8.9 to 21.1), and 40.6% (RT, 95% Cl, 25.5 to 57.8), respectively.
After adjustment for stroke severity, this difference between the no-RT and RT groups became non-
significant. Symptomatic ICH was observed in 1 patient per group. HT was not associated with unfa-
vourable outcome (MRS 3-6) at 3-months in multivariable analysis. Resumption of OAC after stroke
was delayed in patients with HT compared to those without (15 d [IQR, 5-26] vs. 1 d [0-4], P<0.001).
Conclusions The frequency and severity of HT after stroke on NOAC appears similar to previous re-
ports for vitamin K antagonists and no anticoagulation. Whether asymptomatic HT should delay re-
sumption of preventive anticoagulation requires further investigation.

Keywords Stroke, Anticoagulation, Haemorrhagic Transformation

Correspondence: Roland Veltkamp
Department of Stroke Medicine, Imperial
College London, Charing Cross Campus,
3 East 6, Fulham Palace Road, London,
W6 8RF, United Kingdom

Phone: +44-20-33130133,

Fax: +44-20-83833309,

E-mail: rveltkamp@imperial.ac.uk

Received: June 16, 2016
Revised: October 11, 2016
Accepted: November 28, 2016

The authors have no financial conflicts of
interest.

Copyright © 2017 Korean Stroke Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which

permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN: 2287-6391 e elSSN: 2287-6405

http://j-stroke.org 67


http://dx.doi.org/10.5853/jos.2015.01347
http://crossmark.crossref.org/dialog/?doi=10.5853/jos.2016.00542&domain=pdf&date_stamp=2017-01-30

JoS

Introduction

Any haemorrhagic transformation (HT) is found in approxi-
mately 8.5% (95% Cl 7-10%), of non-thrombolysed acute isch-
aemic stroke (AIS) patients. Symptomatic HT associated with
clinical worsening or death occurs in 1.5% (95% Cl 0.8-2.2%)."
In the randomised European Cooperative Acute Stroke Study IlI,
the rate of any HT was notably higher in both the IV thromboly-
sis and placebo-arm (27.0% vs. 17.6%).* However, differences in
assessment criteria and HT definitions hamper direct compari-
sons.* While oral anticoagulation (OAC) with vitamin K antago-
nists (VKA) does not appear to affect the occurrence of HT*®
data regarding the frequency and severity of HT in patients
treated with non-Vitamin K antagonist oral anticoagulants (NO-
ACS) is not available. The potential effects of HT on neurological
outcome and on the interval until re-initiation of anticoagula-
tion are unknown.

We evaluated the frequency and severity of HT at admission
and during the first 7 days in acute stroke patients taking NO-
AGs, and examined effects on the management and functional
outcome of AIS under NOAC treatment using data from the
multicentre Registry of Acute Stroke Under New Oral Anticoagu-
lants (RASUNOA-pilot).

Methods

Study design, setting and variables

Patients presenting between February 2012 and February 2015
with an acute ischaemic stroke and taking NOACs at the time of
the event were prospectively enrolled into the RASUNOA-pilot
registry, an investigator-initiated, multicentre, observational co-
hort study (ClinicalTrials.gov, NCT01850797). Overall, 38 neurol-
ogy departments with certified stroke units across Germany par-
ticipated in the registry. Inclusion criteria were age > 18 years,
acute ischaemic stroke, and current therapy with a NOAC (i.e.,
Apixaban, Dabigatran or Rivaroxaban) at the time of stroke on-
set. For the present analysis, we excluded (i) patients without
any available brain imaging, and (ii) patients with transient isch-
aemic attack (as defined by presentation without neurological
deficit according to the National Institute of Health Stroke Scale
(NIHSS) at the time of admission and absence of an acute isch-
aemic lesion on brain imaging®). Due to the observational char-
acter of the registry, all diagnostic and treatment decisions were
left to the discretion of the attending physicians. Patient charac-
teristics including demographic information, clinical data and
laboratory parameters were prospectively collected using a stan-
dardized case report file. The modified Rankin scale score (mRS)
was used for functional assessment prior to the stroke (pmRS),
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at admission, and at hospital discharge. Moreover, 3-month out-
come was assessed by a structured telephone follow-up. The in-
dividual stroke risk in patients with atrial fibrillation was calcu-
lated using the CHA,DS,VASc-score (excluding the index event),
and the individual bleeding risk using the HAS BLED-score, re-
spectively, with the item “labile INR" set to zero.®

The analysis was done stratified for patients not undergoing
thrombolysis and/or thrombectomy (no-RT) and patients who
received recanalisation therapy (RT), respectively (a focused
analysis of the RT group without IV-only treated patients has
been previously published.’

Neuroimaging analysis

Cranial CT and MRI examinations were assessed for signs of
ischaemic infarction, as well as intracranial haemorrhage by an
experienced reader (JP). Assessment was performed on scans ob-
tained at admission, and on follow-up scans carried out until day
7 if available. Regarding diagnosis and classification of haemor-
rhage, findings were reviewed by a board-certified neuroradiolo-
gist (MW). Disagreement between the two readers was resolved
by consensus. Readers were blinded for patient details. HT was
defined as any level of hyperdensity within the area of low at-
tenuation (CT), or hypointensities on T2* or susceptibility weight-
ed (SWI) sequences® in areas corresponding to DWI/FLAIR hy-
perintense regions on MRI. If rapid attenuation of initial hyper-
densities on CT scans was observed, this was categorized as con-
trast staining rather than hemorrhage.®

Haemorrhagic transformation was classified in accordance
with the ECASS-I-criteria as either haemorrhagic infarction (HI1
and 2), or parenchymal haemorrhage (PH1 and 2)." Accordingly,
HI1 was defined as small petechiae along the margin of the in-
farct, HI2 as more confluent petechiae within the infarct but
without space-occupying effect, PH1 as a blood clot not exceed-
ing 30% of the infarct area with some mild space-occupying ef-
fect, and PH2 as blood clots exceeding 30% of the infarct area
with significant space-occupying effect (Figure 1B)." Moreover,
we recorded intracerebral haemorrhage remote from the infarct,
which was defined as small or medium-sized blood clots (PHr1)
or large confluent dense blood clots (PHr2). Evidence of intra-
ventricular or subarachnoidal haemorrhage was also captured.
Symptomatic intracranial haemorrhage (sICH) was defined fol-
lowing the ECASS-II definition.” The extent of infarction was
quantified using the Alberta Stroke Program Early Computed To-
mography Score (ASPECTS; range 0 to 10 with 1 point subtract-
ed for any evidence of ischaemic change in each defined region
on axial cuts). In case of posterior circulation stroke, the pc-AS-
PECTS score was calculated.™'* For quantification of the site and
size of ischaemic infarction the classification by Paciaroni and
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290 Patients with acute ischaemic stroke/TIA
under NOAC treatment

_.Iz

—>|25 Transient ischaemic attackl

Imaging not available I

Main analysis

Supplementary analysis

231 Patients without any
recanalisation therapy

\ 4

231 Patients assessed for baseline
haemorrhagic transformation

32 Patients with
recanalisation therapy

v

32 Patients assessed for
baseline haemorrhagic
transformation

_|702 No follow-up
v imaging performed

\ 4

129 Patients assessed for early
haemorrhagic transformation

\ 4

32 Patients assessed for early
haemorrhagic transformation

Selection of study population and classification of haemorrhagic transformation. (A) Study flow chart. (B) Representative computed tomog-
raphy scans showing the four types of haemorrhagic transformation. Hl, haemorrhagic infarction; PH, parenchymal haematoma.

colleagues was used.” Accordingly, infarct size was classified as
(1) small (lesion in the anterior or posterior circulation < 1.5 cm),
(2) medium (lesion in a cortical superficial branch of middle ce-
rebral artery [MCA], or lesion involving the MCA deep branch, or
lesion in internal borderzone territories, or lesion in a cortical su-
perficial branch of posterior cerebral artery [PCA], or lesion in-
volving the PCA branch or lesion in a cortical superficial branch
of anterior cerebral artery [ACA]), (3) large anterior (lesion in-
volving complete territory of MCA, PCA or ACA or lesion involv-
ing 2 cortical superficial branches of MCA or lesion involving a
cortical superficial branch of MCA associated to the MCA deep
branch, or lesion involving more than 1 artery territory [e.g.,, MCA
associated to ACA territories]) or (4) large posterior (lesion in-
volving brain stem or cerebellum > 1.5 cm).? Cases without de-
finitive evidence of acute cerebral infarction on available scans
were added to the Paciaroni category 1.

Statistical analysis

All analyses were descriptive and exploratory. Continuous vari-
ables were described by mean and standard deviation (SD) or
median and interquartile-range (IQR) for categorical variables,
absolute and relative frequencies were reported. The Shapiro-
Wilk test was used to ascertain distribution of data. Post-hoc,
groups of patients with haemorrhagic transformation (HT) and
without (non-HT) were defined. Fishers-exact test was used to
compare proportions in baseline and radiological characteristics,
dosing categories (standard [apixaban 5 mg BID, dabigatran 150
mg BID, rivaroxaban 20 mg QD] vs. low drug dose[apixaban 2.5
mg BID, dabigatran 110 mg BID, rivaroxaban 15 mg QD], and
considering the actual dose, current renal function and age, ade-
quate or overdosing) and outcomes, as appropriate. To compare
continuous variables, t-test or non-parametric Mann-Whitney U
test was used according to the skewness of the data. To calculate
95% confidence intervals (Cl) of proportions, the adjusted Wald
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method was used.” Logistic regression analysis were performed
to estimate odds ratio (OR) and 95% Cl for potential risk factors
of HT occurrence or unfavourable 3-months-outcome (mRS 3-6).
In multivariable analysis the independent effect of HT on unfa-
vourable 3-months-outcome adjusted for a subset of risk factors
was assessed. Demographic variables and variables significantly
related to outcome in the univariate analyses were included in
the model under avoidance of possible collinearity. For variable
selection the stepwise backward method with likelihood ratio
test was used. Main characteristics of patients from the five best
recruiting centres were compared to the standard recruiting ones
in a sensitivity analysis. All statistical tests were two-sided, and P
values of <0.05 were considered statistically significant. Analy-
ses were conducted using IBM SPSS Statistics, version 23 (IBM
Corp., Armonk, NY, USA). This study was performed consistent
with the STROBE guidelines for observational studies.

Standard protocol approvals, registrations, and patient
consents

The study was approved by the ethics committee of the Medi-
cal Faculty Heidelberg, Germany, and the ethics committees of
each participating centre. Written informed consent by either
the patient or a legal representative was mandatory for partici-
pation. The institutional review board at the primary study site in
Heidelberg approved a waiver of consent for patients who died
during initial hospitalization and for whom a legal representative
could not be located.

Results

Study population and baseline characteristics

Of the 290 patients with acute ischaemic stroke/TIA under
NOAC treatment enrolled in RASUNOA-pilot, 231 patients were
included in the haemorrhagic transformation main analysis
group (patient flow in Figure 1A) and 32 patients who were
treated with recanalisation therapies (RT; n=23 endovascular
therapy alone, n=5 IV thrombolysis plus thrombectomy, n=4 IV
thrombolysis alone) were analysed separately (Figure 1A).

Baseline characteristics of the no-RT group are presented in
Table 1, and of the RT group in the online Supplementary Table 1.
In the no-RT group, the mean age of included patients was 77
(SD 8.4) years, and 46.8% were female. Median onset to first
brain imaging was 3.4 hours (IQR, 2.1-9.9; exact onset of symp-
toms was available in n=156). Most patients were affected by
minor or moderate stroke (median NIHSS 3 [IQR 2-6]). Nineteen-
percent suffered from large anterior or posterior strokes (Table 2).

Any follow-up imaging until day 7 was performed in 55.8%
(129/231) of the no-RT group. The median time between scans
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was 49.6 hours (IQR, 22.4-86.0). Baseline characteristics of pa-
tients with follow-up imaging did not differ from those without
(Supplementary Table 2).

Compared to patients with follow-up imaging and no recana-
lisation therapy (no-RT), RT-patients were more severely affected
(NIHSS at admission 19 [IQR 14-22] vs. 4 [IQR 2-7], P<0.01)
and suffered from larger baseline ischaemic lesions (ASPECTS 8
[IQR 7-10] vs. 10 (9-10, P<0.01; Supplementary Table 1).

Haemorrhagic transformation — No-RT group

At admission, HT was present in 9/231 patients of the no-RT
group (initial-HT, 3.9%, 95% Cl, 2.0 to 7.3; Table 2), and in none
of the RT group. A strong trend towards a higher rate of con-
comitant antiplatelet therapy was observed in the initial-HT pa-
tients (33% vs. 9.5%; P=0.06; Table 1). In patients with follow-
up imaging (n=129), 13 additional HTs were observed until day
7 (Table 2). In total, 18 cases of HT were registered among pa-
tients with available initial and follow-up imaging (early-HT,
18/129, 14.0%, 95% Cl, 8.9 to 21.1).

There was no association between standard vs. low drug dose,
or adequate or overdosing (considering actual dose and current
renal function and age) and occurrence of initial-HT or early-HT
in patients with AF. Univariate logistic regression revealed that
infarct size had the strongest impact on the occurrence of early-
HT (size small vs. medium OR 15.2, 95% Cl 2.8 to 82.7; small vs.
large OR 19.0, 95% Cl 3.9 to 93.7, Table 3).

Symptomatic HT occurred in one patient in the follow-up-im-
aging study population (1/129, 0.8%, 95% Cl, <0.1 to 4.7%); Ta-
ble 2). This patient suffered from a large MCA-territory infarction
but did not show signs of HT on the initial CT-scan. The NOAC
was continued after the stroke and a PH2 bleeding developed on
day 2. All other observed HT remained asymptomatic.

Haemorrhagic transformation — RT group

In an unadjusted analysis, HT was more frequent in patients
treated with thrombolysis and/or thrombectomy compared to
those without (n=13/32, 40.6% [95% Cl, 25.5 to 57.8) vs.
18/129, 14.0% [95% Cl, 8.9 to 21.1], P=0.001). No HT was ob-
served in the patients treated with IV thrombolysis only (n=4).
However, differences in HT-rates are likely due to higher stroke
severity (Supplementary Table 1) in patients treated with recana-
lisation therapy (after adjustment for stroke severity according
to the admission NIHSS, logistic regression for the occurrence on
HT became non-significant).

Association with functional outcome — No-RT group

Patients with early-HT were more severely affected at admis-
sion (median NIHSS 7 [IQR, 2-19] vs. 3 [IQR, 2-6], P=0.03; Table
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Baseline characteristics and functional outcome variables of patients with and without haemorrhagic transformation (no-RT group)

Admission imaging cohort

Follow-up imaging cohort

All atients VIS nitalHT Pualue Zz'rtIC"lfl‘; Early-HT  Pvalue

N 231 222 9 m 18
Age (year) 77.4 (+8.4) 77.5(+8.4) 75.4 (+8.3) 0.45 77.2 (+£8.2) 76.1 (+£5.6) 0.47
Women 108 (46.8) 106 (47.7) 2(222) 0.18 57 (51.4) 7 (38.9) 0.45
NOAC 0.86 0.29

Apixaban 36 (15.6) 35(15.8) 1(11.1) 19 (17.1) 1(5.6)

Dabigatran 62 (26.8) 59 (26.6) 3(33.3) 32(28.8) 4(22.2)

Rivaroxaban 133 (57.6) 128 (57.7) 5 (55.6) 60 (54.1) 13(72.2)
Time since last intake NOAC (hour) 8.7 (43-152) 88(43-154) 59(4.4-18.2) 0.87 9.0 (4.2-18.1) 12.8 (4.5-20.8) 0.48
Time until resumption of OAC (day) 1(0-3) 1(0-3) 2 (1-15) 0.017 1(0-3) 15 (5-26) <.001
Concomitant platelet inhibition 24(10.4) 21(9.5) 3(33.3) 0.06 10 (9.0) 3(16.7) 0.39
CHA:DS,VASc score* 5(3-6) 5(3-6) 4 (3-8) 0.63 5 (4-6) 4 (3-6) 0.24
HAS-BLED* 4(3-4) 4 (3-4) 3(3-4) 0.52 4(3-4) 3(3-4) 0.09
Medical history®

Ischaemic stroke/TIA 107 (46.3) 102 (45.9) 5 (55.6) 0.74 53 (47.7) 7 (38.9) 0.61

Intracranial Haemorrhage 5(2.2) 5(2.3) 0(0) >0.99 3(2.7) 0(0) >0.99

Atrial fibrillation 209 (90.5) 200 (90.1) 9 (100) >0.99 101 (91.0) 18 (100) 0.36

Hypertension 193 (83.5) 186 (83.8) 7(77.8) 0.65 93 (83.8) 13(72.2) 0.32

Hyperlipidemia 81 (35.1) 80 (36.0) 1(11.1) 0.17 42 (37.8) 5(27.8) 0.60

Diabetes mellitus 69 (29.9) 63 (28.4) 6 (66.7) 0.02 38(34.2) 6(33.3) >0.99

Heart failure 53 (22.9) 51(23.0) 2(22.2) >0.99 28 (25.2) 6(33.3) 0.57

Peripheral vascular disease 15 (6.5) 4(6.3) 1(11.1) 0.46 8(7.2) 1(5.6) >0.99
Renal function

GFR <60 mL/min 85/ 206 (41.3) 82/197 (36.9) 3(33.3) 0.74 45/99 (45.5) 8/18 (44.4) >0.99

Creatinin level (mg/dL) 1.0 (0.9-1.3) 1.0 (0.9-1.3) 1.0 (0.7-1.2) 0.37 1.0 (0.8-1.3) 1.0 (0.9-1.2) 0.95
NIHSS at admission 3 (2-6) 3 (2-6) 4(1-7) 0.87 3 (2-6) 7 (2-19) 0.03
Modified Rankin scale score

Pre stroke 1(0-2) 1(0-2) 2(1-3) 0.14 1(0-2) 1(1-2) 0.13

At admission 3(1-4) 3(1-4) 4(1-5) 0.21 2(1-4) 5(3-5) 0.001

At discharge 2 (1-3) 2 (1-3) 3 (2-5) 0.15 2 (1-3) 4 (2-5) 0.001

At 3-months® 2(1-4) 2(1-4) 2(1-6) 0.78 1(1-4) 4(1-6) 0.001

mRS 0-2 at 3-months 110 (53.1) 105 (47.3) 5 (55.6) >0.99 60 (60.6) 6(33.3) 0.04
In-hospital mortality 6/229 (2.6) 6/220 (2.7) 0(0) >0.99 2(1.8) 2(11.1) 0.09

Data are mean (+SD), median (IQR) or n (%). Missing data for creatinin level (n=>5), GFR (n=25), mRS at discharge (n=2) and at 3-months (n=24), time un-
til resumption of anticoagulation, (n=29).

NOAC, non-vitamin K antagonist oral anticoagulant; TIA, transient ischaemic attack; GFR, glomerular filtration rate (electronic GFR as reported by the centres);
NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin score [from O (no symptoms) to 6 (death)]; no-RT, no recanalisation therapy group.
*CHA.DS,VASc score, range 0-9, from low to high risk of ischemic stroke in atrial fibrillation; *HAS-BLED score, range 0-9, from low to high risk of haemor-
rhage under oral anticoagulation; *Medical history, excluding the index-event; *3-months modified Rankin data available for 207/231 patients (89.6%).

tient stay in the majority of patients (n=184/230, 80%; thereof
97% NOAC, 3% phenprocoumon). In patients with early-HT,
OAC was resumed after occurrence of HT in all but one case.
Median time to recommended resumption was significantly lon-
ger in patients with early-HT (15 d [IQR, 5-26]) compared to pa-
tients without (1 d [0-4]; P<0.001). Notably, the delay was at
least partly mediated through larger infarct-sizes in the early-HT
group (see above), as a generally longer time until resumption of

1), and suffered more frequently from larger anterior and poste-
rior infarctions than patients without early-HT (P<0.001; Table
2). Patients with early-HT had a significantly worse outcome
compared to those without (median mRS 4 [IQR, 1-6] vs. mRS 2
[IQR 1-4], P=0.001; Table 1). However, in multivariate analysis,
HT was not independently associated with unfavourable out-
come (MRS 3-6) at 3-months (Table 4; for univariate analysis,
see Supplementary Table 3). In-hospital mortality was not signif-
OAC was observed in patients without HT but large infarct com-
pared to patients without HT and a small infarct (10 d [IQR,
0-15] and 1 d [IQR, 0-2]; P=0.034; data not shown).

icantly increased among patients with HT.

Resumption of OAC - No-RT group
In stroke survivors, OAC was resumed during the acute inpa-
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Admission imaging cohort

Follow-up imaging cohort

Without initial-HT Initial-HT Pvalue Without early-HT Early-HT Pvalue
N 222 9 - m 18 -
MRI available 118 (53.2) 3(33.3) 0.32 76 (68.5) 9 (50.0) 0.18
Proximal vessel occlusion® 21/121(17.4) 0/2 (0) >0.99 11/69 (15.9) 4/9 (44.4) 0.06
Infarct size 0.001 <0.001
Small 148 (66.7) 0(0) - 76 (68.5) 2 (11.1) -
Medium 36(16.2) 4 (44.4) - 15 (13.5) 6(33.3) -
Large anterior 29 (13.1) 4(44.4) - 16 (14.4) 8 (44.4) -
Large posterior 9(4.1) 1(11.1) - 4(3.6) 2(11.1) -
Admission imaging
ASPECTS 10 (9-10) 9(8-9) 0.003 10 (9-10) 9 (5-9) <0.001
HI1 0(0) 6 (66.7) - 0(0) 2(11.1) -
HI2 0(0) 3(33.3) - 0(0) 3(16.7) -
PH1 0(0) 0(0) - 0(0) 0(0) -
PH2 0(0) 0(0) - 0(0) 0(0) -
PHr1/PHr2 0(0)/o (0) 0(0)/o(0) - 0(0)/o(0) 0(0)/0(0) -
SAH 0(0) 0(0) - 0(0) 0(0) -
IVH 0(0) 0(0) - 0(0) 0(0) -
sICH 0(0) 0(0) - 0(0) 0(0) -
Follow-up imaging until day 7
ASPECTS - - - 9 (8-10) 5 (4-9) 0.001
HIn - - - 0(0)/0 (0) 10 (55.6) -
HI 2 - - - 0(0) 2 (11.1) -
PH1 - - - 0(0) 0(0) -
PH2 - - - 0(0) 1(5.6) -
PHr1/PHr2 - - - 0(0) 0(0)/o (0) =
SAH - - - 0(0) 0(0) -
IVH - - - 0(0) 0(0) -
sICH - - - 0(0) 1(5.6) -

Data are median (IQR) or n (%). Note: In the follow-up imaging group, a total of 5 haemorrhages were present at admission, and 13 additional haemorrhages
became present during follow-up imaging, resulting in a total of 18 hemorrhagic transformations in this group.

MRI, magnetic resonance imaging; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; HI1/2, haemorrhagic infarction type 1/2; PH1/2, pa-
renchymal haemorrhage type 1/2; SAH, subarachnoid haemorrhage; IVH, intraventricular haemorrhage; sICH, symptomatic intracerebral haemorrhage (ac-

cording to the ECASS-II criteria); no-RT, no recanalisation therapy group.

*CT, MR or digital subtraction angiography available in 123/231 patients (53.2%).

Discussion

The new findings of our study are that (1) spontaneous HT oc-
curs at a similar rate in acute stroke patients treated with NOAC
as previously reported for non-anticoagulated and VKA-antico-
agulated stroke patients,"** (2) recanalisation therapy did not in-
crease the proportion of patients with HT after adjustment for
stroke severity, (3) presence of HT on imaging appeared to delay
the resumption of OAC, and (4) the presence of HT in NOAC
treated patients was not independently associated to an unfa-
vourable outcome at 3 months.

Ischaemic stroke occurred under NOAC therapy in 1 to 2% of
NOAC treated patients with AF per year in large randomised
controlled trials."®™ The incidence of strokes in patients taking
NOACs is expected to increase in the future due to an increase
of the prevalence of atrial fibrillation,” higher utilisation of
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NOAC in the population,”” and a potential extension of indica-
tions.# A major advantage of NOAC compared to VKA treatment
is a significant reduction of intracranial haemorrhage (ICH).”
Nevertheless, NOAC-related ICH has a similar poor prognosis as
VKA-related ICH.** Three preclinical studies in mice undergoing
transient middle cerebral occlusion that were anticoagulated
with either warfarin or dabigatran supported the assumption
that NOAC are also associated with a lower risk of HT in isch-
aemic stroke compared to VKA.>>**” Moreover, Bohmann and col-
leagues suggested that early continuation of dabigatran might
be safe in experimental ischaemic stroke.?® In contrast to these
experimental data, current expert guidance regarding the re-
sumption of anticoagulation recommends starting oral antico-
agulation in TIA and stroke patients with short or longer delay
depending on the severity of the stroke.”®

According to the present analysis, 14.0% (95% Cl, 8.9 to 21.1)

https://doi.org/10.5853/j0s.2016.00542



Vol. 19 / No. 1 [ January 2017

Factors associated with early haemorrhagic transformation
(univariate analysis) (follow-up imaging cohort)

JoS

Factors associated with unfavourable outcome (mRS 3-6) at
3-months follow up (multivariate analysis) (follow-up imaging cohort)

OR (95 % Cl) Pvalue OR (95% CI) Pvalue
Age (year) 0.98 (0.92-1.05) 0.57 Age (year) 1.07 (0.97-1.13) 0.20
Female sex 0.60 (0.22-1.67) 033 Gender: female 1.46 (0.52-4.14) 0.47
Concomitant platelet inhibition 2.02 (0.50-8.19) 0.33 Medical history: Hypertension 9.81 (1.92-50.04) 0.006
Medical history NIHSS admission (0-3 vs. > 4)* 3.33(1.18-9.39) 0.023
Ischaemic stroke/TIA 0.70 (0.25-1.93) 0.49 Modified Rankin scale score pre stroke”  1.97 (1.23-3.17) 0.005
Hypertension 0.50 (0.16-1.59) 0.24 Infarct size 0.007
Hyperlipidemia 0.63 (0.21-1.90) 0.41 Small Ref.
Diabetes mellitus 0.96 (0.33-2.76) 0.94 Medium 2.40 (0.61-9.35)
Heart failure 1.48 (0.51-4.32) 0.47 Large anterior or posterior 6.46 (2.02-20.73)
Peripheral vascular disease 0.76 (0.09-6.45) 0.80 Haemorrhagic transformation 3.26 (0.66-16.04) 0.14
Renal function: GFR <60 i 0.96 (0.35-2.64 0.94
enat function *< mL/min ( ) *NIHSS grouped into (0-3 vs. > 4) based on Baird et al., 2001.**; "Modified
CHA,DS,VASc score 0.89 (0.68-1.17) 0.41 - o
Rankin scale score, pre stroke from 0 (no symptoms) to 5 (severe disability).
HAS-BLED score® 0.68 (0.39-1.19) 0.17
it oL s s index event). Once a patient has suffered from HT, resumption of
Pre stroke 1.25 (0.84-1,86) 0.27 ) ) P . . ' P .
o . 195 (1.29-2.94) 0,002 OAC is usually postponed until HT is resolved or at least consid-
NIHSS at admission® 1.09 (1.03-1.16) 0.006 ered radiologically stable. In our study, OAC was indeed resumed
ASPECTS at admission 061(046-0.80)  <0.001 significantly later in patients in whom early-HT occurred. How-
Inf;"mtns'ze Ref 0.001 ever, larger infarct-sizes in the HT group might have contributed
ma ef. T
Medium 15.20 (2.80-82.66) to this finding.
Large anterior or posterior 19.00 (3.85-93.74) Interestingly, the median admission NIHSS of 4 in our popula-
Time since last intake NOAC 1.01 (0.95-1.08) 0.68 tion was relatively low compared to cardioembolic stroke.** A
Time to first scan since onset" 1.02 (0.99-1.05) 0.24

TIA, transient ischaemic attack; GFR, glomerular filtration rate (electronic
GFR as reported by the centres); NIHSS, National Institutes of Health Stroke
Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score;
NOAC, non-vitamin K antagonist oral anticoagulant.

*CHA,DS;VASc score, range 0-9, from low to high risk of ischaemic stroke
in atrial fibrillation; *HAS-BLED score, range 0-9, from low to high risk of
Haemorrhage under oral anticoagulation; *Modified Rankin scale score,
from 0 (no symptoms) to 6 (death); *NIHSS, stroke related neurological def-
icits, from 0 (no symptoms) to 42; "Excluding cases with unknown onset.

of the NOAC anticoagulated patients with initial- and follow-up
imaging developed HT, which is slightly higher than reported for
VKA treated patients (10% in patients with INR <2, but no data
on patients with INR >2 available),® and for patients without
antithrombotic or thrombolysis treatment (8.5%, 95% Cl 7% to
10%)." In contrast, substantially higher rates of HT have been re-
ported in the placebo arm of intravenous thrombolysis trials
(21.6 to 29.6%).2

Although there is an ongoing debate about the relevance of
both initial clinically symptomatic and asymptomatic forms of
HT in terms of functional outcome** the present study high-
lights a more direct clinical consequence: Delayed resumption of
OAC after occurrence of HT. Primary or secondary prevention of
ischaemic stroke in (non-valvular) atrial fibrillation was the indi-
cation of oral anticoagulation in the majority of our patients.
These patients are at a high risk of recurrent stroke, indicated by
a median CHA,DS;VASc score of 5 at admission (excluding the

https://doi.org/10.5853/j0s.2016.00542

potential explanation might be that orally anticoagulated pa-
tients have less severe stroke compared to non-anticoagulated
patients with AF in observational studies.*>*® Alternatively, stroke
may have been caused by another etiology of cardioembolism.

Larger scale prospective studies are needed to determine
whether early restart or continued anticoagulation in non-dis-
abling small ischaemic stroke with less severe blood-brain barrier
damage is safe and beneficial. The proportion of 9% of patients
who developed HT despite small-size infarction in our cohort
however still warrants caution. A recent single-centre open-label
non-randomised study found no increased risk of HT after initia-
tion of dabigatran therapy within 24 hours of TIA or minor stroke
(NIHSS <3).¥ Another single-centre open-label study reports a
progression of asymptomatic HT after administration of rivaroxa-
ban on a median of 3 days after TIA and mild-to-moderate stroke
(NIHSS <9) comparing baseline to follow-up MRI at day 7.%

Our study has some limitations. Recruitment was imbalanced
among centres with six centres recruiting 57% of patients. How-
ever, a sensitivity analysis revealed no difference in terms of age,
sex, and stroke severity in patients from top-recruiting versus
other centres (Supplementary Table 4). As the RASUNOA pilot
study did not have a simultaneously recruited control group, only
indirect comparisons with other anticoagulation or no anticoag-
ulation are possible. We do not have data regarding intercurrent
antiplatelet therapy, which might have influenced the risk of HT.

Although the present study comprises the largest prospectively
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collected observational cohort of IS patients under NOAC treat-
ment to our knowledge, its sample size is still limited and larger
scale prospective studies are needed in order to confirm the re-
sults. Nevertheless, due to its observational character with only
few exclusion criteria, we expect generalisability of the findings.
Finally, neither the study design nor the sample-size allowed de-
tection of potential differences in rate and severity of HT related
to specific NOAC agents or specific doses.

Conclusions

In conclusion, we found a similar risk of HT after ischemic
stroke in patients on NOAC as previously reported for VKA-anti-
coagulated, and non-anticoagulated patients. However, replica-
tion of the results in future prospective studies using matched
control groups is therefore necessary, and current indirect com-
parisons should be interpreted with caution. While clinicians
should carefully avoid continuation of NOAC therapy in patients
with large infarcts, more evidence is needed to avoid potentially
unnecessary delays of restarting anticoagulation in patients with
HT of small or moderate ischaemic strokes, who are at risk of re-
current thromboembolism.
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Clinical characteristics and outcome of patients with and without recanalisation therapy (only patients with available fol-

low-up imaging)

Patients without recanalization

Patients with recanalization

therapy (N=129) therapy (N=32) el
Age (year) 77.0(+7.9) 75.7 (£11.7) 0.54
Women 64 (49.6) 17 (53.1) 0.84
NOAC 0.78
Apixaban 20 (15.5) 5(15.6)
Dabigatran 36(27.9) 7(21.9)
Rivaroxaban 73 (56.6) 20 (62.5)
Concomitant platelet inhibition 13 (10.1) 3(9.4) >0.99
CHA.DS,VASc score 5 (3-6) 4(3-5) 0.02
HAS-BLED score 4(3-4) 3(3-3) <0.001
Medical history
Ischemic stroke/TIA 60 (46.5) 6(18.8) 0.005
Intracranial haemorrhage 3(2.3) 0(0) >0.99
Atrial fibrillation 119 (92.2) 26(81.3) 0.09
Hypertension 106 (82.2) 26 (81.3) >0.99
Hyperlipidemia 47 (36.4) 7(21.9) 0.15
Diabetes mellitus 44 (34.1) 4(12.5) 0.02
Heart failure 34 (26.4) 10 (31.3) 0.66
Peripheral vascular disease 9(7.0) 1(3.1) 0.69
Renal function
GFR <60 mL/min 53 (41.1) 10 (31.3) 030
Creatinin level (mg/dL) 1.01 (0.87-1.30) 0.9 (0.79-1.08) 0.02
NIHSS at admission 4(2-7) 19 (14-22) <0.001
Modified Rankin scale score
Pre stroke 1(0-2) 1(0-2) 0.24
At admission 3(1-4) 5 (5-5) <0.001
At discharge 2 (1-4) 4(3-5) <0.001
At 3-months* 2 (1-4) 4(3-6) <0.001
mRS 0-2 at 3 months 66 (51.2) 5(15.6) <0.001
In-hospital mortality 4(3.1) 3(9.4) 0.14
Time since last intake NOAC (hour) 9 (4-18) 10 (5-24) 0.45
Admission imaging
ASPECTS 10 (9-10) 8(7-10) <0.001
Haemorrhagic transformation 0.54
HI1 2 0
HI2 3 0
PH1 0 0
PH2 0 0
PHr1/PHr2 o/o 0/o
Other haemorrhage -
SAH 0 0
IVH 0 0
sICH 0 0 -
Follow-up imaging until day 7
ASPECTS 9 (8-10) 6 (3-8) < 0.001
Infarct size <0.001
Small/medium 99 (76.7) 10 (31.3)
Large anterior/posterior 30(23.3) 22 (68.8)
Haemorrhagic transformation 18 (14.0) 13 (40.6) 0.002
Haemorrhagic transformation 0.03
HI1 10 5
HI 2 2 3
PH1 0 5
PH2 1 1
PHr1 [ PHr2 0/0 0/o0
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Supplementary Table 1. Continued from the previous page

Patients without recanalization Patients with recanalization Pyalue
therapy (N=129) therapy (N=32)
Other haemorrhage
SAH 0 2 0.04
IVH 0 1 -
sICH 1 1 -

Data are mean (+ SD), median (IQR) or n (%).
*3-months modified Rankin data available for n=117/129 (90.7%, patients without recanalization therapy), and n=31/32 patients (96.9%, patients with re-
canalization therapy).
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Baseline clinical and radiological characteristics of patients with and without follow up imaging

JoS

Patients with FU img. (N = 129) Patients without FU img. (N=102) Pvalue
Age (year) 77.0 (£7.9) 779 (£9.0) 0.43
Women 64 (49.6) 44 (43.1) 0.35
NOAC 0.84

Apixaban 20 (15.5) 16 (15.7)

Dabigatran 36 (27.9) 26 (25.5)

Rivaroxaban 73 (56.6) 60 (58.8)

Concomitant platelet inhibition 13 (10.1) 11 (10.8) >0.99
CHA,DS,VASc score 5 (3-6) 4.5(3-6) 0.59
HAS-BLED score 4 (3-4) 4 (3-4) 0.30
Medical history

Ischemic stroke/TIA 60 (46.5) 47 (46.1) >0.99

Intracranial hemorrhage 3(2.3) 2 (2.0 >0.99

Atrial fibrillation 119 (92.2) 90 (88.2) 0.37

Hypertension 106 (82.2) 87 (85.3) 0.59

Hyperlipidemia 47 (36.4) 34(33.3) 0.68

Diabetes mellitus 44 (34.1) 25 (24.5) 0.15

Heart failure 34 (26.4) 19 (18.6) 0.21

Peripheral vascular disease 9(7.0) 6(5.9) 0.79
Renal function 0.20

GFR <60 mL/min 53 (41.1) 32(31.4)

Creatinin level (mg/dL) 1.01 (0.87-1.30) 1.02 (0.84-1.28) 0.99
NIHSS at admission 4(2-7) 3(2-6) 0.36
Modified Rankin scale score

Pre stroke 1(0-2) 1(0-2) 0.09

At admission 3(1-4) 3(2-4) 0.87

At discharge 2(1-4) 2 (2-3) 0.57

At 3-months 2 (1-4) 3(1-4) 033

mRS 0-2 at 3 months 66 (56.4) 44 (48.9) 0.33
In-hospital mortality 4(3.1) 2 (2.0) 0.70
Time since last intake NOAC (hour) 9 (4.2-18.3) 8.3 (4.5-13.1) 0.35
Baseline ASPECTS 10 (9-10) 10 (9-10) 0.55
Infarct size 0.06

Small/medium 99 (76.7) 89 (87.3)

Large anterior/posterior 30(23.3) 13(12.7)

https://doi.org/10.5853/j0s.2016.00542

http://j-stroke.org



JoS

Purrucker, et al.

Factors associated with unfavourable out-
come (MRS 3-6) at 3-months follow up (univariate analysis; follow-up

imaging cohort)

OR (95 % Cl)

Pvalue

Age (year)
Female sex
Concomitant platelet inhibition
Medical history

Ischaemic stroke/TIA

Atrial fibrillation

Hypertension

Hyperlipidemia

Diabetes mellitus

Heart failure

Peripheral vascular disease
Renal function: GFR <60 mL/min
CHA,DS,VASc score*
HAS-BLED score*
Modified Rankin scale score”

Pre stroke

At admission
NIHSS at admission®
ASPECTS at admission
Infarct size

Small

Medium

Large anterior or posterior
Time since last intake NOAC
Time to first scan since onset”
Haemorrhagic transformation

1.08 (1.02-1.14)
1.58 (0.76-3.30)
1.09 (0.31-3.78)

1.41 (0.68-2.94)

0.59 (0.15-2.33)

4.71(1.28-17.28)
1.29 (0.60-2.76
3.27 (1.48-7.24
2.04 (0.88-4.73
1.68 (0.43-6.62
2.13(0.98-4.66
1.57 (1.21-2.03
1.91 (1.17-3.11)

= =

2.29 (1.54-3.39)
2.60 (1.85-3.65)
1.29 (1.15-1.45)
0.51 (0.34-0.76)

Ref.
1.36 (0.46-3.98)
5.88 (2.26-15.26)
1.00 (0.95-1.05)
1.00 (1.00-1.00)
3.08 (1.07-8.88)

0.005
0.22
0.90

0.36
0.46
0.020
0.51
0.004
0.097
0.46
0.058
0.001
0.010

<0.001
<0.001
<0.001

0.001

0.001

0.99

0.66
0.038

*CHA.DS:VASc score, range 0-9, from low to high risk of ischaemic stroke
in atrial fibrillation; "HAS-BLED score, range 0-9, from low to high risk of
Haemorrhage under oral anticoagulation.; *Modified Rankin scale score,
from 0 (no symptoms) to 6 (death); *NIHSS, stroke related neurological def-
icits, from 0 (no symptoms) to 42; "Excluding cases with unknown onset.
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Characteristics of Patients from top-recruiting
centres versus standard recruiting centres

Patients from Patients from
.\ standard
top-recruiting s Pvalue
recruiting
centres
centres
Age (year) 76.9 (+8.9) 77.7 (£8.7) 0.43
Women 73 (48.3) 52 (46.4) 0.80
Pre-stroke mRS 1(0-2) 1(0-2) 0.20
Stroke severity
NIHSS at admission 4(2-11) 4(2-7) 0.15
mRS at admission 3(2-5) 3(1-4) 0.10
ASPECTS at admission 9 (8-10) 10 (9-10) 0.34
Qutcome
Early HT 13 (8.6) 10 (8.9) 93
mRS 0-2 at 3-months 61 (45.9) 54 (51.4) 39

Data are mean (£ SD), median (IQR) or n (%).
N =263, main analysis group (no-RT group) plus patients treated with re-
canalisation therapies.
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