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Abstract

Background: Chronic antiplatelet therapy in the post-acute
phase of non-cardioembolicischemic stroke is limited by the
risk of intracranial hemorrhage (ICH) complications. Meth-
ods: We developed an ICH risk score based on the PERFORM

trial cohort (n =19,100), which included patients with a non-
cardioembolic ischemic stroke or transient ischemic attack,
and externally validated this score in one contemporary trial
of very similar size and inclusion criteria, the PRoOFESS trial
(n = 20,332 patients). Outcome was ICH over 2 years. A Cox
proportional-hazard regression analysis identified risk fac-
tors. Discrimination was quantified with c-statistics and cali-
bration was assessed by comparing predicted and observed
ICH risk in PERFORM and PRoFESS. Results: ICH occurred
within 2 years in 263 (1.4%) patients in PERFORM trial and in
246 (1.2%) patients in PROFESS trial. A 13-point score based
on 9 items (Intracranial-B,LEED3S score — low body mass in-
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dex, blood pressure, lacune, elderly, Asian ethnicity, coronary
artery or cerebrovascular disease history, dual antithrombot-
icagent or oral anticoagulant, gender) was derived from the
PERFORM trial. In PERFORM, the observed 2-year ICH risk var-
ied from 0.75% in low-risk (score <2) to 2.44% in high-risk
patients (score >=5) with an acceptable calibration but a low
discrimination both in PERFORM (c-statistic 0.64, 95% ClI
0.61-0.68) and on external validation in PRoOFESS (0.58, 95%
Cl 0.55-0.62). Conclusion: The Intracranial-B,LEEDsS score
helps identify patients who are at a high risk of bleeding.
However, other variables need to be identified to improve
the score (e.g., microbleeds) (Clinical Trial Registration Infor-
mation ISRCTN66157730). URL: http://www.isrctn.com/ISRC
TN661577307totalResults=5&pageSize=10&page=1&searc
hType=basic-search&offset=3&qg=_&filters=conditionCatego
ry%3ACirculatory+System%2CrecruitmentCountry%3ATai
wan%?2CrecruitmentCountry%3AAustria&sort=.

© 2017 S. Karger AG, Basel

Introduction

Chronic antiplatelet therapy in the post-acute phase of
non-cardioembolic ischemic stroke is limited by the
risk of intracranial hemorrhage (ICH) complications, as
shown by clinical trials of antiplatelet agents. In patients
with ischemic stroke or transient ischemic attack (TTA)
randomized in the placebo group of the Swedish Aspirin
Low dose Trial (SALT) [1], the 2-year risk of ICH was
0.34%. On aspirin, the 2-year ICH risk ranged from 0.52%
in the Clopidogrel Aspirin in Prevention of Recurrent
Ischemic Event (CAPRIE) trial to 1.14% in SALT [1, 2].
It was 0.37% on clopidogrel in CAPRIE. Dual antiplatelet
therapy (clopidogrel plus aspirin) compared to single
therapy of clopidogrel showed a doubling in the 2-year
risk of ICH (1.41 vs. 0.6%, respectively) [3].

Acute coronary syndrome (ACS) patients with a his-
tory of ischemic stroke or TIA carry a higher risk of ICH
than other ACS patients [4-7]. Consequently, consider-
able caution exists to develop new antiplatelet agents in
ischemic stroke patients, regardless of whether or not they
have a history of ACS. However, the residual risk of further
ischemic vascular event after a stroke under best medical
therapy is very high and needs to be addressed as much as
in patients with coronary artery disease (CAD). The popu-
lation with ischemic stroke or TIA represents more than
10 millions patients per year worldwide and strongly needs
new potent antiplatelet treatment, more effective than
those currently recommended by guidelines that reduce
the risk of ischemic stroke by only less than 20%.
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It is therefore of utmost importance to develop a risk
score that would allow the detection of ischemic stroke
patients at the highest risk of ICH complication under an
antiplatelet regimen in order to exclude them from future
clinical trials evaluating new antithrombotic agents.

To this end, we developed an ICH risk score based on
the PERFORM trial cohort [8], which included 19,100 pa-
tients with a non-cardioembolic ischemic stroke or TIA,
and validated this score externally in one contemporary
trial of very similar size and inclusion criteria, the
PROFESS trial (n = 20,332 patients) [9].

Methods

Study Patients

The derivation dataset included 19,100 patients of PERFORM
trial cohort, which is an international multicenter randomised
controlled trial designed to assess the superiority of terutroban (an
antagonist of thrombin receptor of platelets) compared with aspi-
rin in the prevention of cardiovascular ischemic events in patients
with recent non-cardioembolic stroke. The design, baseline char-
acteristics and main findings have been reported [8, 10, 11]. Pa-
tients aged =55 years with a non-cardioembolic ischemic stroke or
TIA were enrolled between February 2006 and April 2008.

The validation dataset included 20,332 patients of PROFESS
trial cohort with noncardio-embolic ischemic stroke or TIA. They
were randomized to either clopidogrel vs. aspirin plus extended-
released dipyridamole, or telmisartan vs. its placebo in a 2 x 2 fac-
torial design. The design, baseline characteristics and main find-
ings have been reported [9, 12].

Predictor Variables

Predictor variables were considered if they were viewed as
commonly measured and available in randomized trials and with
potential evidence of an association with ICH risk. Candidate vari-
ables included age, gender, ethnic origin, body mass index (BMI),
systolic and diastolic blood pressure at inclusion, medical history
(hypertension, stroke, diabetes, myocardial infarction, hypertri-
glyceridaemia, CAD and smoking), use of dual antiplatelet or an-
ticoagulant therapy, and lacunar stroke etiology. Angina and hy-
pertriglyceridaemia were unavailable in the PRoFESS trial cohort.

Primary Outcome

The primary outcome was ICH occurring within the 2-year fol-
low-up. This end-point was specifically adjudicated in both trials
by an independent endpoint committee.

Statistical Analysis

Main baseline characteristics were described for both derived
and validation datasets. Continuous variables were reported as
means + SDs and categorical variables were expressed as frequen-
cies and percentages. Since information on the potential predictors
in validation dataset was available for 99.4% (n = 19,006) and for
100% of the outcome measure, no imputation procedure was ap-
plied to handle missing data [13]. Predictions of ICH risk were
based on Cox proportional-hazards regression models, treating
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Table 1. Baseline characteristics of patients in development (PERFORM trial) and validation cohort trial (PRoFESS

trial)
Derivation cohort trial Validation cohort trial
(n=19,100) (n=20,332)

Age, years 67+8 66+9

Gender, male 11,950 (62.6) 13,022 (64.0)

Asian 2,244 (11.7) 2,994 (14.7)

BMI, kg/m? 27.144.3 26.8+5.0

Systolic blood pressure, mm Hg 138+17 144+17

Diastolic blood pressure, mm Hg 80+9 84+£10

Medical history
Hypertension
Stroke
Diabetes
Myocardial infarction
CAD
Hypercholesterolemia
Smoking
Lacunar stroke
Dual antiplatelet or anticoagulant

15,964 (83.6) 15,048 (74.0)

2,893 (15.1) 3,708 (18.2)
5,299 (27.7) 5,743 (28.2)
1,475 (7.7) 1,366 (6.7)

4,119 (21.6) 3,304 (16.3)
9,183 (48.1) 9,493 (46.8)
5,074 (26.6) 4,308 (21.2)
3,940 (20.6) 10,578 (52.1)
2,644 (13.8) 10,181 (50.1)

Data are means + SD or number (percentage).

death from non-ICH cause as censoring event. All potential predic-
tors were considered for the inclusion in the multivariable Cox re-
gression model and the full model was simplified with a backward
selection procedure by using a removal criterion of 0.05. In terms
of the weight of evidence in the literature as regards the impact of
dual antiplatelet or oral anticoagulant treatment on ICH risk [3],
dual antiplatelet or oral anticoagulant was forced into the model.
The proportional hazards assumption for each predictor, and for
the prognostic index derived from the final model, was assessed by
plotting the Schoenfeld residuals against the rank of survival time
[14]. The log-linearity assumption of continuous predictors (age,
BM], systolic and diastolic blood pressure) was assessed, first using
Martingale residual plots and second using restricted cubic spline
functions [15]. Prognosis models derived from multivariable re-
gression analysis are known to overestimate regression coefficients,
which results in overestimated predictions when applied in future
patients. Therefore, we performed an internal validation by using
bootstrap resampling with 200 repetitions to estimate shrinkage
factors and the c-statistic corrected for over-optimism. We exam-
ined the performance of the final model by determining its calibra-
tion and discrimination. Discrimination was evaluated using the
Harrell’s C-index of agreement [16]. It indicates to what extent the
model distinguished between patients who had ICH from those
who had no ICH. This c-statistic has a typical range of 0.60-0.85
for survival data [16]. Calibration is the agreement between the
predicted and observed ICH risk, and was evaluated by comparing
the predicted mean event curves to the Kaplan-Meier event curves
in 4 risk groups [16], divided by quartiles of prognostic index (low
risk, moderate risk, high risk and very high risk).

In order to present a risk score, each continuous predictor in
the final model was divided into clinically meaningful categories
(age <75 vs. 275 years; BMI <25 vs. 225 kg/m?) and then included

ICH and Antiplatelet Agents

as categorical predictors in the final model. Based on the regression
coefficients of this last model, each predictor was assigned 0-2
points, given a total score ranged from 0 to 13 points. One point
was attributed for dual antiplatelet or oral anticoagulant therapy.
Patients were then divided into 4 risk groups. A Cox’s regression
model was fitted with the total point score as a single continuous
predictor. The predictive accuracy of this point-score model was
assessed by the same measures of discrimination and calibration
used for the primary analysis.

Finally, we performed an external validation of the point-score
risk system as a single continuous predictor by assessing the point-
score model calibration and discrimination performances in the
validation dataset.

Statistical testing was done at the two-tailed alevel of 0.05. Data
were analyzed using SAS software package, release 9.3 (SAS Insti-
tute, Cary, N.C., USA).

Results

Baseline Characteristics

Table 1 shows baseline characteristics of both data sets.
In PERFORM, patients were predominantly male (63%)
and the mean age was 67 years. Approximately 84% had
hypertension. Fourteen percent of patients were on dual
antiplatelet therapy or oral anticoagulants at randomisa-
tion and 20% had lacunar strokes. The population of
PROFESS was quite similar except for having twice as
many lacunar strokes. Of the 19,100 patients in the
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Fig. 1. Calibration plot for ICH-free survival probability in the der-
ivation dataset (PERFORM trial). The 4 risk groups (Intracranial-
B,LEED;S scores 0-2, 3, 4, and 25) were defined according to
quartiles of prognostic index derived by Cox’s regression model
(continuous model). Black lines: cumulative probability of re-
maining free of recurrent ICH as predicted in the derivation data-
set. Red lines: Kaplan-Meier estimates.

PERFORM data set, 263 (1.4%) patients had an ICH dur-
ing follow-up; in PROFESS, 246 (1.2%) ICH occurred.
The median follow-up time in PERFORM was 2.3 years
(interquartile range (IQR) 2.0-2.8) and 2.4 (IQR 0-4.4)
years in PRoFESS.

Derivation and Validation of Model

The multivariable model of predictors of ICH was ob-
tained using data from 19,006 patients with no missing
covariate values and included all patients that had an
ICH. The backward stepwise selection retained age, gen-
der, BMI, Asian ethnicity, previous hypertension, myo-
cardial infarction and stroke, and lacunar stroke (online
suppl. table I; for all online suppl. material, see www.karg-
er.com/doi/10.1159/000453459). The shrinkage factor of
the model (including dual antiplatelet or anticoagulant
agent) calculated with bootstrapping was 0.87. After
shrinkage of the coefficients, the c-statistic of the final
model was 0.64 (95% CI 0.61-0.68). As shown in figure 1,
the calibration is reasonable, but the risk was overpre-
dicted in the moderate-risk group, and underpredicted in
the high-risk group.

Age and BMI were categorized using cut-off values of
75 years for age and 25 kg/m? for BMI. The C-index of
this model was unchanged (C = 0.64, 95% CI 0.61-0.67)
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Table 2. ICH risk score (Intracranial-B,LEED;S score)

Predictor Points
B, low BMI, kg/m?

<25 1

>25
B, high blood pressure

No 0

Yes 2
L, lacune, small vessel disease

No

Yes 1
E, elderdy, years

<75

>75 1
E, Asian ethenicity

Non-Asian 0

Asian 2
D, cardiovascular disease

No 0

Yes 2
D, cerebrovascular disease

No 0

Yes 2
D, dual antithrombotic treatment or anticoagulant

No

Yes 1
S, sex

Female

Male 1

Total point score is obtained by adding the number of points
associated with each predictor. For example, a 65-year-old Asian
man with a BMI of 26 kg/m?, hypertension, no lacune, no cardio-
vascular disease but cerebrovascular disease and with dual an-
tithrombotic treatment or anticoagulant will have a total score of
0+2+1+0+2+0+0+2+1=38).

in the derivation data set, and was 0.59 (95% CI 055-0.62)
in the validation data set. The final ICH risk score (named
Intracranial-B,LEED;S score) ranged from 0 to 13 points
(table 2). In our dataset, the maximal intracranial-
B,LEED;S score observed was 12. After categorization,
the score into quartiles, the observed 2-year ICH risk was
0.75% for patients with a score <2, 1.05% for patients with
ascore of 3, 1.68% with a score of 4 and 2.44% with a score
of 25. The plot of predicted ICH risk according to the
intracranial-B,LEED;S score is available in figure 2.

As shown in table 3, calibration of the intracranial-
B,LEED;S score was acceptable in both derivation and
validation datasets (table 3). An example of how to calcu-
late the estimated risk for a fictive patient using the Cox
model is presented in the online supplementary data.
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Table 3. Model performance of the Intracranial-B,LEED;S score in the derivation and validation datasets:

observed and predicted probabilities of ICH at 2 years

Risk group Derivation Validation
observed’ predicted’t observed? predicted?
2-Year ICH risk, %
0-2 0.75 0.84 0.46 0.85
3 1.05 1.16 0.73 1.14
4 1.68 1.46 1.03 1.42
=5 2.44 2.33 1.33 2.39

C-index (95% CI)

0.64 (0.61-0.67.5)

0.59 (0.55-0.62)

The risk group was defined using the quartiles of B,LEED;S score from derivation dataset.

 Kaplan-Meier estimate.

t Calculated as the mean predicted probabilities by the Cox regression model (using Intracranial-B,LEED;S

score as continuous predictor).

* Predicted estimates used shrinkage factor based on bootstrap validation in the derivation dataset (see

Methods).

Discussion

In this population where all patients were on antiplate-
let therapy, age, blood pressure, and low BMI were, as
expected, among the strongest predictors of ICH. Asian
ethnicity was also a strong predictor, independently of
low BMI, which has already been found in studies of oral
anticoagulant in atrial fibrillation [17]. History of stroke
or CAD was another strong predictor. Indeed, in ACS tri-
als such as in TRACER and TRA-2P (with vorapaxar) [4,
5], PLATO (with ticagrelor) [6] and TRITON-TIMI38
(with prasugrel) trials [7], there was a doubling in ICH in
patients randomized in the experimental arm compared
to placebo, which was partially driven by patients with a
past history of stroke or TTA. Consequently, in their label,
stroke or TIA is a contra-indication of these agents in
ACS patients. Hence, in an analysis of CAD patients
enrolled in the REACH registry, we found that those with
a past history of stroke, as compared to those without, had
a doubling in the risk of ICH, but in absolute term, their
4-year risk of developing an ischemic stroke (11.6%)
was 20 times higher than the risk of developing an ICH
(0.6%) [18].

Less significant, but still independent, predictors were
male gender and lacunes. In the SPS-3 trial, that evalu-
ated clopidogrel plus aspirin vs. aspirin only in patients
with symptomatic cerebral small vessel disease, there was
an increased risk in mortality in the dual antiplatelet ther-
apy arm, which was partly driven by ICH increase (2-year
risk: 0.5% on aspirin vs. 0.84% on clopidogrel plus aspi-
rin) [19]. An exploratory analysis of patients enrolled in

ICH and Antiplatelet Agents

Risk score  n 2-year risk of ICH

— 6 <1 1,203 0.71
& 2 265 0.92 .
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> 34 8 333 3.80 R
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Intracranial-B,LEED3S score

Fig. 2. Predicted 2-year risk of ICH according to the Intracranial-
B,LEED;S score. Mean values are represented by little squares.
Score of 0 and 1; and upper or equal to 9 were combined because
of the low number of events.

the PERFORM-MRI substudy (online suppl. table II) in-
dicates that the combination of microbleeds, severe leu-
koaraoisis, and superficial hemorrhagic suffusion have a
4-time higher risk of ICH risk than patients without.
However, only 17 patients had an ICH in this population
and it was not possible to perform a multivariable analy-
sis. It is thus reasonable to think, but yet to be validated,
that in the Intracranial-B,LEED;S score any of the three
variables can be substituted to the ‘lacune’ variable.
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Dual antithrombotic therapy or oral anticoagulant
therapy just missed statistical significance. However, we
forced this variable in the score because of a clear in-
creased risk of ICH with vitamin K antagonist in previous
trials (WARS, WASID, ESPRIT) [20-22], which was as-
sociated with too high INR, and with dual antiplatelet
therapy in trials in ACS [4-6] and in non-cardioembolic
ischemic stroke patients [3]. Excess in ICH risk in the
CAD population of the REACH registry was 5 times high-
er in patients on dual antiplatelet therapy albeit confined
tothefirstyear of treatment [18]. In patients with ischemic
stroke on dual antiplatelet therapy, such as in MATCH
and in the PROFESS trials, there was a significant increase
risk of ICH [3, 9]. Only very early, short-term (21 days),
dual antiplatelet treatment in the CHANCE trial did not
show an increased risk in ICH compared with aspirin
monotherapy (0.3% at 90 days in each arm) [23].

The strength of our analyses was the large, similar
sample size in both derivation and validation cohorts.
Both trials evaluated 2 antiplatelet strategies in non-car-
dioembolic strokes, in multi-ethnic, multicontinental tri-
als, with careful evaluation of safety endpoints. In both
studies, ICHs were adjudicated independently, and inves-
tigators were all experienced in stroke care and diagnosis.

Limitations included the lack of systematic collection
of important MRI data such as severe leuko-araiosis, mul-
tilacunes, and microbleeds; all data have been associated
with an increased risk of ICH [24-26]. It is likely that the
rather low c-statistics that we observed with the Intracra-
nial-B,LEED;S score was due to missing important vari-
ables in our database. Another important limit was exclu-
sion from the randomization of patients deemed to have
a high likelihood of bleeding complications such as pa-
tients who already bled on antithrombotic agents, had
thrombophilia, or had a past history of ICH. Patients with
history of falls or at high risk of it, as well as patients with
cognitive impairment, both conditions that may increase
the risk of ICH due to trauma or misusage of antithrom-
botic agents, were also likely not randomized in either
trial. Patients with large, severe ischemic stroke with re-
sidual handicap measured by a modified Rankin score >3,
who are more prone to bleed than those with minor isch-
emic stroke, were also excluded in both trials. Interaction
with other drugs prescribed during the course of the trial
may also be an important bleeding factor, such as
paracetamol or ibuprofen prescriptions [27]. We found
that these drugs were associated with almost a doubling
in major hemorrhages [27]. It is thus reasonable to think,
but yet to be validated, that in the Intracranial-B,LEED;S
score addition of paracetamol or ibuprofen can be substi-
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tuted by the ‘dual antiplatelet therapy’ variable. One oth-
er limitation was that in both trials patients with a past
history of bleeding were excluded from randomization.
When, in an exploratory analysis, we included in the
model the variable ‘minor and major bleeding (other than
ICH) during the trial’ we found a strong independent as-
sociation with a doubling in the risk of ICH (2.05, 95% CI
1.05-4.00, p = 0.04) and an improvement in the c-statis-
tics to 0.67. However, we built the score on baseline data.
But this exploratory analysis shows that the Intracranial-
B,LEED;S score could be improved by including the his-
tory of minor/major bleeding (again most patients with
such a bleeding event prior randomization were not en-
rolled in either trial). Finally, although potentially help-
ful, the score is also not perfectly calibrated since it over-
estimated the risk in the validation cohort.

In conclusion, the Intracranial-B,LEED;S score helps
identify patients at high-risk of bleeding on antiplatelet
monotherapy. Further improvement will identify other
variables in order to capture more patients at risk (e.g.,
microbleeds on magnetic resonance imaging).

Disclosure Statement

P. Amarenco holds research grants from Pfizer (TST trial),
Sanofi and AstraZeneca (TIAregistry.org). He also receives re-
search support from AstraZeneca (SOCRATES), GSK (SUMMIT
adjudication committee), Fibrogen (Roxadustat DSMB), Pfizer
(SPIRE executive committee); and honoraria form Pfizer, Sanofi
and Bayer (speaking activities).

E. Vicaut has an advisory relationship with Abbot, Bristol
Myers Squibb, Celgene, Daiichi Sankyo, Fresenius, LFB, Lilly,
Medtronic, Pfizer and Sorin group (consultancy), Novartis (lec-
tures), European Cardiovascular Research Center (DSMB) and
Boehringer (Grants for Hospital).

K.M. Fox receives honoraria from Servier (lectures) and col-
laborates with Servier as consultant to EMEA and advisory boards.

P.G. Stegholdsresearch grants from Sanofiand Servier (steering
committee chair) and receives honoraria from Astrazeneca, Bayer,
Boehringer-Ingelheim,  Bristol-Myers-Squibb, ~ CSL-Behring,
Daiichi-Sankyo, GSK, Janssen, Lillly, Novartism Pfizer, regenere-
on, Roche, Sanofi, Servier, The Medecines Company and Amarin
(steering committee) and Pfizer (event adjudication committee).

References 1 Swedishaspirin low-dose trial (SALT) of 75 mg
aspirin as secondary prophylaxis after cerebro-
vascular ischaemic events. The SALT collab-
orative group. Lancet 1991;338:1345-1349.

2 CAPRIE Steering Committee: A randomised,
blinded, trial of clopidogrel versus aspirin in
patients at risk of ischaemic events (CAPRIE).
CAPRIE steering committee. Lancet 1996;
348:1329-1339.

Amarenco et al.




Diener HC, Bogousslavsky J, Brass LM, Cim- 10 Bousser MG, Amarenco P, Chamorro A, 18 DucrocqG, Amarenco P, Labreuche], Alberts
miniello C, Csiba L, Kaste M, et al; MATCH Fisher M, Ford I, Fox K, Hennerici MG, Mat- M]J, Mas JL, Ohman EM, Goto S, Lavallée P,
Investigators: Aspirin and clopidogrel com- tle HP, Rothwell PM; PERFORM Study Inves- Bhatt DL, Steg PG: A history of stroke/tran-
pared with clopidogrel alone after recent isch- tigators: Rationale and design of a random- sient ischemic attack indicates high risks of
aemic stroke or transient ischaemic attack in ized, double-blind, parallel-group study of cardiovascular event and hemorrhagic stroke
high-risk patients (MATCH): randomized, terutroban 30 mg/day versus aspirin 100 mg/ in patients with coronary artery disease. Cir-
double-blind, placebo-controlled trial. Lancet day in stroke patients: the prevention of cere- culation 2013;127:730-738.
2004;364:331-337. brovascular and cardiovascular events of isch- 19 SPS3 Investigators, Benavente OR, Hart RG,
Tricoci P, Huang Z, Held C, Moliterno D], emic origin with terutroban in patients with a McClure LA, Szychowski JM, Coffey CS, et al:
Armstrong PW, Van de Werf F, White HD, history of ischemic stroke or transient isch- Effects of clopidogrel added to aspirin in pa-
Aylward PE, Wallentin L, Chen E, Lokhny- emic attack (PERFORM) study. Cerebrovasc tients with recent lacunar stroke. N Engl |
gina Y, Pei ], Leonardi S, Rorick TL, Kilian Dis 2009;27:509-518. Med 2012;367:817-825.

AM, Jennings LH, Ambrosio G, Bode C, Ce- 11 Bousser MG, Amarenco P, Chamorro A, 20 Mohr JP, Thompson JL, Lazar RM, Levin B,
quier A, Cornel JH, Diaz R, Erkan A, Huber Fisher M, Ford I, Fox K, Hennerici M, Mattle Sacco RL, Furie KL, et al; Warfarin-Aspirin
K, Hudson MP, Jiang L, Jukema JW, Lewis BS, HP, Rothwell PM; PERFORM Study Investi- Recurrent Stroke Study Group: A comparison
Lincoft AM, Montalescot G, Nicolau JC, Oga- gators: The prevention of cerebrovascular and of warfarin and aspirin for the prevention of
wa H, Pfisterer M, Prieto JC, Ruzyllo W, Sin- cardiovascular events of ischemic origin with recurrent ischemic stroke. N Engl ] Med 2001;
naeve PR, Storey RF, Valgimigli M, Whellan terutroban in patients with a history of isch- 345:1444-1451.

DJ, Widimsky P, Strony ], Harrington RA, emic stroke or transient ischemic attack 21 Chimowitz MI, Lynn MJ, Howlett-Smith H,
Mahaffey KW; TRACER Investigators: (PERFORM) study: baseline characteristics of Stern BJ, Hertzberg VS, Frankel MR, et al;
Thrombin-receptor antagonist vorapaxar in the population. Cerebrovasc Dis 2009;27: Warfarin-Aspirin Symptomatic Intracranial
acute coronary syndromes. N Engl ] Med 608-613. Disease Trial Investigators: Comparison of
2012;366:20-33. 12 Diener HC, Sacco R, Yusuf S: Rationale, de- warfarin and aspirin for symptomatic intra-
Morrow DA, Braunwald E, Bonaca MP, Am- sign and baseline data of a randomized, dou- cranial arterial stenosis. N Engl ] Med 2005;
eriso SF, Dalby AJ, Fish MP, Fox KA, Lipka L], ble-blind, controlled trial comparing two an- 352:1305-1316.

Liu X, Nicolau JC, Ophuis AJ, Paolasso E, Scir- tithrombotic regimens (a fixed-dose combi- 22 ESPRIT Study Group, Halkes PH, van Gijn J,
ica BM, Spinar J, Theroux P, Wiviott SD, St- nation of extended-release dipyridamole plus Kappelle L], Koudstaal PJ, Algra A: Aspi-
rony J, Murphy SA; TRA 2P-TIMI 50 Steering ASA with clopidogrel) and telmisartan versus rin plus dipyridamole versus aspirin alone
Committee and Investigators: Vorapaxar in placebo in patients with strokes: the preven- after cerebral ischaemia of arterial origin
the secondary prevention of atherothrombot- tion regimen for effectively avoiding second (ESPRIT): randomised controlled trial. Lan-
ic events. N Engl ] Med 2012;366:1404-1413. strokes trial (PROFESS). Cerebrovasc Dis cet 2006;367:1665-1673.

Wallentin L, Becker RC, Budaj A, Cannon CP, 2007;23:368-380. 23 Wang Y, Wang Y, Zhao X, Liu L, Wang D,
Emanuelsson H, Held C, Horrow J, Husted S, 13 Shafer JL: Multiple imputation: a primer. Stat Wang C, et al; CHANCE Investigators: Clop-
James S, Katus H, Mahaffey KW, Scirica BM, Methods Med Res 1999;8:3-15. idogrel with aspirin in acute minor stroke or
Skene A, Steg PG, Storey RF, Harrington RA; 14 Schoenfeld D: Partial residuals for the pro- transient ischemic attack. N Engl ] Med 2013;
PLATO Investigators, Freij A, Thorsen M: portional hazards regression model. Biome- 369:11-19.

Ticagrelor versus clopidogrel in patients with tika 1982;69:239-241. 24 Lovelock CE, Cordonnier C, Naka H, Al-Sha-
acute coronary syndromes. N Engl ] Med 15 Royston P, Moons KG, Altman DG, Vergou- hi Salman R, Sudlow CL, Sorimachi T, et al;
2009;361:1045-1057. we Y: Prognosis and prognostic research: de- Edinburgh Stroke Study Group: Antithrom-
Wiviott SD, Braunwald E, McCabe CH, Mon- veloping a prognostic model. BMJ 2009; botic drug use, cerebral microbleeds, and in-
talescot G, Ruzyllo W, Gottlieb S, Neumann 338:b604. tracerebral hemorrhage: a systematic review
FJ, Ardissino D, De Servi S, Murphy SA, Ries- 16 Royston P, Altman DG: External valida- of published and unpublished studies. Stroke
meyer J, Weerakkody G, Gibson CM, Ant- tion of a Cox prognostic model: principles 2010;41:1222-1228.

man EM; TRITON-TIMI 38 Investigators: and methods. BMC Med Res Methodol 2013; 25 Wang Z, Soo YO, Mok VC: Cerebral micro-
Prasugrel versus clopidogrel in patients with 13:33. bleeds: is antithrombotic therapy safe to ad-
acute coronary syndromes. N Engl ] Med 17 Goto S, Zhu J, Liu L, Oh BH, Wojdyla DM, minister? Stroke 2014;45:2811-2817.
2007;357:2001-2015. Aylward P, Bahit MC, Gersh BJ, Hanna M, 26 Charidimou A, Kakar P, Fox Z, Werring DJ:
Bousser MG, Amarenco P, Chamorro A, Horowitz J, Lopes RD, Wallentin L, Xavier D, Cerebral microbleeds and recurrent stroke risk:
Fisher M, Ford I, Fox KM, Hennerici MG, Alexander JH; ARISTOTLE Investigators: Ef- systematic review and meta-analysis of pro-
Mattle HP, Rothwell PM, de Cordoiie A, ficacy and safety of apixaban compared with spectiveischemic stroke and transient ischemic
Fratacci MD; PERFORM Study Investigators: warfarin for stroke prevention in patients attack cohorts. Stroke 2013;44:995-1001.
Terutroban versus aspirin in patients with ce- with atrial fibrillation from East Asia: a sub- 27 Gonzalez-Valcarcel ], Sissani L, Labreuche J,

rebral ischaemic events (PERFORM): a ran-
domised, double-blind, parallel-group trial.
Lancet 2011;377:2013-2022.

Sacco RL, Diener HC, Yusuf S, Cotton D,
Ounpuu S, Lawton WA, et al; PRoFESS Study
Group: Aspirin and extended-release dipyri-
damole versus clopidogrel for recurrent
stroke. N Engl ] Med 2008;359:1238-1251.

analysis of the apixaban for reduction in
stroke and other thromboembolic events in
atrial fibrillation (ARISTOTLE) trial. Am
Heart ] 2014;168:303-309.

Bousser MG, Chamorro A, Fisher M, Ford
I, Fox KM, Hennerici MG, Mattle HP, Roth-
well PM, Steg PG, Vicaut E, Amarenco P;
PERFORM Investigators: Paracetamol, Ibu-
profen, and recurrent major cardiovascular
and major bleeding events in 19 120 patients
with recent ischemic stroke. Stroke 2016;47:
1045-1052.

Cerebrovasc Dis 2017;43:145-151
DOI: 10.1159/000453459

ICH and Antiplatelet Agents 151

hek Bern

130.92.15.14 - 7/17/2017 3:25:51 PM




