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Targeted use of heparin, heparinoids, or low-molecular-
weight heparin to improve outcome after acute ischaemic
stroke: an individual patient data meta-analysis of
randomised controlled trials

William N Whiteley, Harold P Adams Jr, Philip M W Bath, Eivind Berge, Per Morten Sandset, Martin Dennis, Gordon D Murray,
Ka-Sing Lawrence Wong, Peter A G Sandercock

Summary

Background Many international guidelines on the prevention of venous thromboembolism recommend targeting
heparin treatment at patients with stroke who have a high risk of venous thrombotic events or a low risk of
haemorrhagic events. We sought to identify reliable methods to target anticoagulant treatment and so improve the
chance of avoiding death or dependence after stroke.

Methods We obtained individual patient data from the five largest randomised controlled trials in acute ischaemic
stroke that compared heparins (unfractionated heparin, heparinoids, or low-molecular-weight heparin) with aspirin
or placebo. We developed and evaluated statistical models for the prediction of thrombotic events (myocardial
infarction, stroke, deep vein thrombosis, or pulmonary embolism) and haemorrhagic events (symptomatic intracranial
or significant extracranial) in the first 14 days after stroke. We calculated the absolute risk difference for the outcome
“dead or dependent” in patients grouped by quartiles of predicted risk of thrombotic and haemorrhagic events with
random effect meta-analysis.

Findings Patients with ischaemic stroke who were of advanced age, had increased neurological impairment, or had
atrial fibrillation had a high risk of both thrombotic and haemorrhagic events after stroke. Additionally, patients with
CT-visible evidence of recent cerebral ischaemia were at increased risk of thrombotic events. In evaluation datasets,
the area under a receiver operating curve for prediction models for thrombotic events was 0-63 (95% CI 0-59-0-67)
and for haemorrhagic events was 0-60 (0-55-0-64). We found no evidence that the net benefit from heparins
increased with either increasing risk of thrombotic events or decreasing risk of haemorrhagic events.

Interpretation There was no evidence that patients with ischaemic stroke who were at higher risk of thrombotic
events or lower risk of haemorrhagic events benefited from heparins. We were therefore unable to define a targeted
approach to select the patients who would benefit from treatment with early anticoagulant therapy. We recommend
that guidelines for routine or selective use of heparin in stroke should be revised.

Funding MRC.

Introduction

Every year, ischaemic stroke kills 2-9 million people and
leads to 3-4 million years lived with disability
worldwide.’” Short-term stroke recovery is often
complicated by venous thromboembolism (1-5%) and
recurrent stroke (1-20%).** Prevention of the arterial
and venous thromboembolic complications of stroke
could contribute to reduction of the burden of stroke-
related disabilities.

Although heparins (unfractionated heparin, low-
molecular-weight heparin, and heparinoids) can reduce
the risk of recurrent ischaemic stroke, deep vein
thrombosis, and pulmonary embolism, they also
increase the risk of symptomatic intracranial and
extracranial haemorrhage.’ In stroke, the benefits are
exactly offset by the harms, and hence in systematic
reviews of grouped data from randomised controlled
trials of subcutaneous heparins, there was no net

observable effect of anticoagulants on death or disability
measured several months after stroke (even in selected
subtypes).**

However, some clinicians still use heparin or low-
molecular-weight heparin to prevent early recurrent
stroke in patients who are felt to be at particularly high
risk.”® In the third International Stroke Trial (IST-3),*
24% of patients were treated with low-dose heparin and
8% were fully anticoagulated with high-dose heparin or
warfarin in the first week after stroke, consistent with
recent registry data from the USA, Germany, France,
and Australia.”** Additionally, regimens of low-dose
unfractionated heparin and low-molecular-weight
heparin are commonly prescribed for the prevention of
deep vein thrombosis and pulmonary embolism in
patients with stroke.” National UK and other country
guidelines recommend prophylactic doses of heparins
for patients with stroke who are deemed at high risk of
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venous thromboembolism® or those at low risk of
bleeding,” although this stratified approach had not
previously been studied.

We aimed to test the hypothesis that a policy of using
clinical data to target heparins in patients with ischaemic
stroke who have a high risk of venous or arterial
thromboembolism, and avoiding heparins in patients
with a high risk of bleeding, leads to overall better
outcomes. Such a hypothesis might also be of relevance
to the use of thromboprophylaxis in other groups of
medical patients. We therefore undertook a meta-analysis
of individual patient data from the five largest randomised
trials of unfractionated heparin, heparinoids, and low-
molecular-weight heparin in acute ischaemic stroke.”

Methods
Procedures
We obtained individual patient data from the five largest
randomised controlled trials of heparins versus either
aspirin or placebo in acute ischaemic stroke that
measured post-stroke dependence: IST;** the Trial of
ORG 10172 in Acute Stroke Treatment (TOAST);* the
Tinzaparin in Acute Ischaemic Stroke Trial (TAIST);* the
Heparin in Acute Embolic Stroke Trial (HAEST);” and
Fraxiparin in Stroke Study for the treatment of ischemic
stroke (FISS-tris).”® We included only those patients from
IST for whom the baseline diagnosis was probable or
definite ischaemic stroke. We identified the trials by use
of the latest Cochrane review of anticoagulants in acute
stroke.® We did not obtain individual patient data from
22 other trials of heparins because they were small (fewer
than 100 patients), they were not clearly randomised, or
their data were not readily available.

We obtained the following baseline variables from
each trial (using the trial definitions): age, sex, delay

from stroke onset to randomisation, level of
consciousness, facial weakness, arm weakness, leg
weakness, presence of atrial fibrillation at

randomisation, systolic blood pressure at randomisation,
and history of myocardial infarction, stroke, or diabetes

mellitus. We used the National Institutes of Health
stroke scale (NIHSS) as a measure of initial neurological
impairment due to stroke. Where the Scandinavian
stroke scale (SSS) was measured, we converted it to the
NIHSS with a previously developed conversion
algorithm.” IST recorded neither the NIHSS nor the
SSS, so we used an algorithm developed in the IST-3
dataset to convert data for eight simple questions of
neurological deficit into an NIHSS score.” Three trials
recorded the Oxfordshire Community Stroke Project
(OCSP) classification at baseline.”® For the remaining
two trials we converted symptoms recorded in
components of the NIHSS scale into an OCSP
classification with a previously developed algorithm.”

We defined two early outcome events: a composite of
thrombotic events within 14 days (any fatal or non-fatal
pulmonary embolism, deep vein thrombosis, myocardial
infarction, or recurrent ischaemic stroke [not stroke
extension alone] as defined by each trial, up to and
including 14 days after randomisation); and a composite
of haemorrhagic events within 14 days (any recorded fatal
or non-fatal intracranial haemorrhage, or extracranial
haemorrhages that led to death, transfusion, or surgery,
up to and including 14 days post randomisation). We
defined the state of being dead or dependent at final
follow-up as: in FISS-tris and TAIST, a modified Rankin
scale score of 3-6; in IST and HAEST, being either dead
or responding yes to the question “did you need help
from another person to perform everyday activities
within the last 2 weeks?”; or, in TOAST, a Glasgow
outcome scale of 1-3 (dead to severely dependent). Some
studies measured death or dependence at 3 months and
some at 6 months (table 1). We made no specific
allowance for differing follow-up times because we made
within-study comparisons of the proportion of patients
dead or dependent at the end of follow-up.

Predictive models
We searched the medical literature systematically for
validated predictive models of short-term haemorrhagic or

IST TOAST FISS-tris HAEST TAIST
Agent and dose UFH, 12500 IU Heparinoid (danaparoid),  LMWH (nadroparin LMWH (dalteparin), LMWH (tinzaparin), 175 anti-Xa IU/kg
subcutaneously or 5000 U intravenously adjustedto  calcium), 3800 anti-factor 100 IU/kg subcutaneously  or 100 anti-Xa IU/kg subcutaneous
subcutaneously twiceaday  factor Xa activity Xa IU subcutaneously twice a day daily
twice a day
Length of treatment 14 days 7 days 10 days 14 days 10 days
Control Aspirin 300mg or avoid Placebo Aspirin 160 mg Aspirin 160 mg Aspirin 300 mg
aspirin
Randomised 2x2 factorial 11 11 11 11:1
Definition of death or dependence ST scale Glasgow outcome scale Modified Rankin scale IST scale Modified Rankin scale
Time of follow-up for death or 6 months 3 months 6 months 3 months 6 months
dependence
IST=International Stroke Trial. TOAST=Trial of ORG 10172 in Acute Stroke Treatment. FISS-tris=Fraxiparin in Stroke Study for the treatment of ischemic stroke. HAEST=Heparin in Acute Embolic Stroke Trial.
TAIST=Tinzaparin in Acute Ischaemic Stroke Trial. [U=international units. LMWH=low-molecular-weight heparin. UFH=unfractionated heparin.
Table 1: Characteristics of included trials
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all thrombotic events after a stroke of moderate to major
severity, but found none. We therefore developed and
validated predictive models for “all haemorrhagic events”
and “all thrombotic events” with the available data.

We first measured the associations between baseline
clinical variables and either all thrombotic or all
haemorrhagic events in each trial with univariate logistic
regression. We calculated a summary estimate of these
odds ratios and their 95% CI with random effects meta-
analysis, and calculated an I2 statistic as a measure of
heterogeneity between studies. We developed predictive
models in the large IST dataset with variables that were
plausibly and significantly associated with thrombotic or
haemorrhagic events.

As the best test of the external validity of prognostic
models is to test them in different datasets, we used the
TAIST, TOAST, FISS-tris, and HAEST trials (the test
dataset) for evaluation rather than a random split of the
data.” We measured discrimination in the test dataset by
calculating the area under a receiver operating
characteristic curve (AUROCC) and its 95% CI. One
interpretation of the AUROCC is the proportion of
randomly selected pairs of patients with and without an
event, in which the patient with an event has a higher
predicted risk of an event than the patient without an
event. An AUROCC of 0-5 indicates no better
discrimination than chance, and an AUROCC of
1 indicates perfect discrimination. We measured
calibration by plotting the predicted versus observed
risks of events per quintile of predicted risk, and
calculating the Hosmer Lemeshow y2 statistic, where
2P>0-05 is one measure of a well calibrated model.

To measure the effect of missing baseline variables
on the strength of associations in the final multivariate
model, we repeated the analysis with ten imputations
of missing variables, using complete baseline variables
as predictors of missing values with logistic regression
equations.” We also developed a model containing
those available variables that were recommended in
recent UK National Institute of Health and Care

Excellence (NICE) guidelines® to predict venous
thromboembolism in patients admitted to hospital: age
over 60 years, presence of leg weakness, and presence
of comorbidities.

Statistical analysis

To establish whether the predicted risk of thrombotic or
haemorrhagic events was associated with the response
to heparins (measured by the proportion of patients
dead or dependent at final follow-up), we divided the
population of each of the five trials into sixteen groups,
defined by quartiles of predicted risk of thrombotic
events and quartiles of predicted risk of haemorrhagic
events. For each group in each trial, we calculated the
excess risk of death or disability in patients allocated to
heparins compared with patients allocated to aspirin or
placebo in each trial (intention to treat), and then used
random effects meta-analyses to pool the risk differences
from each trial in a summary estimate. This ensures
that treated and untreated patients are compared within
and not between trials, which maintains the balance
achieved by randomisation as far as is possible. We
repeated the analysis comparing low-dose heparins to
placebo or aspirin, and high-dose heparins to placebo or
aspirin. Because dichotomous outcomes are not as
sensitive to small effects as a more statistically efficient
ordinal approach, we also analysed disability and death
on a common four-point disability scale with ordinal
logistic regression.* We tested the statistical significance
of a multiplicative interaction between [(predicted risk
of thrombosis)— (predicted risk of haemorrhage)] and
treatment with heparins. We used Stata 11 for the
analysis.

Role of the funding source

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

IST (N=18836)  TOAST (N=1281)

FISS-trisN=603) HAEST (N=449) TAIST (N=1486) Total (N=22655)

Deep venous thrombosis 21(0-1%) 12 (0:9%)
Pulmonary embolism 126 (0-7%) 6 (0-5%)
Ischaemic stroke 646* (3-4%) 62 (4-8%)
Myocardial infarction 362 (1-9%) 17 (1:3%)
Any thrombotic events 1141 (6-1%) 36 (2:8%)
Significant intracranial haemorrhage 127 (0-7%) 21 (1-6%)
Major extracranial haemorrhage 163 (0-9%) 31(2:4%)
Any haemorrhagic event 285 (1-5%) 43 (3-4%)
Dead or dependentt 11654 (61-9%) 294 (23-0%)

Data are n (%). *Includes patients where recurrent stroke subtype was uncertain. 1143 (<1%) of patients had missing dead or dependent status at final follow-up. Each
number signifies an individual with a haemorrhagic or a thrombotic event. 27 individuals had both a haemorrhagic and a thrombotic event. Events are uniformly counted
from 14 days after randomisation, hence minor differences from trial publication in number of events.

3(0-5%) 5 (1-1%) 16 (1-1%) 57 (0-3%)
0(0-0%) 1(02%) 11(0-7%) 144 (0-6%)
31(5-1%) 36 (8-:0%) 42 (2:8%) 817 (3-6%)
4(0-9%) 383 (1.7%)
16 (2.7%) 45 (10-0%) 4 (4:3%) 1302 (5:7%)
15 (2:5%) 10 (2-2%) 11(0-7%) 184 (0-8%)
2(03%) 3(0-7%) 8 (0-5%) 207 (0-9%)
14 (2:3%) 13(2:9%) 19 (1:3%) 374 (1-7%)
157 (26-0%) 294 (65-5%) 831 (55-9%) 13230 (58:4%)

Table 2: Thrombotic and haemorrhagic events within 14 days and death or dependence at final follow-up
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Results

We obtained data for 22655 patients with ischaemic
stroke who were randomised to either an anticoagulant
regimen (unfractionated heparin, low-molecular-weight
heparin, or heparinoid) or to aspirin or placebo from the
IST, TOAST, FISS-tris, HAEST, and TAIST studies. The
key design features of each trial are summarised in
table 1. The clinical features of patients at baseline in
each study are summarised in the appendix. By 14 days
after randomisation, about 1 in 20 patients had had a
thrombotic event (1302 [5-7%]; table 2), most of which
were recurrent ischaemic strokes (817 [3-6%)]). Significant
haemorrhagic events were recorded about a third as
often as thrombotic events by 14 days after randomisation
(374 [1-7%]; table 2), with similar numbers of extracranial
and intracranial haemorrhages (207 [0-9%] and
184 [0-8%)], respectively). About two-thirds of patients
were dead or dependent at the time of last follow-up
(13230 [58-4%)]), although the proportion was lower in
the TOAST and FISS-tris trials (table 2). Patients

Variable n/N OR (95% Cl) 2P P

Age (per decade) 1302/22655 124(117-131)  <0-001 0%
Male sex 1302/22655 0-91(0-75-1-10) 0-29 14%
History of myocardial infarction 160/3780 0-87 (0-48-1-59) 0-65 44%
History of stroke 159/3787 0-91(0:56-1-48) 070 18%
History of diabetes mellitus 97/2319 0-69 (0-40-119) 018 0%
Prior antiplatelet agents 1301/22625 1-11(0-98-1-20) 011 0%
Atrial fibrillation 1248/20453 = 150 (1:30-173) <0001 0%
NIHSS (per point) 1229/21740 1.04(1:02-106) 0001  27%
Weight (per kg) 156/3737 099(098-1:01) 052  59%
Randomisation blood pressure (per mm Hg) 1301/22654 1.00 (1-00-1-01) 0-39 69%
Stroke to randomisation delay (per hour) 1300/22613 1-00 (0-99-1-01) 057 15%
Presence of CT visible acute infarct 1301/22565 126 (112-1-42)  <0-001 0%
Total anterior stroke syndrome (vs others) ~ 1300/22594 : 3 1.52 (1.06-2-19) 0-02 57%

01 1.0 10-0
Odds ratio

Figure 1: Association of baseline variables with thrombotic events—myocardial infarction, recurrent
ischaemic stroke, deep vein thrombosis, and pulmonary embolism

Each square represents the point estimate from a random effects meta-analysis across trials, and the horizontal
line the 95% Cl. N=number of patients. n=number of events in each meta-analysis. NIHSS=National Institutes of

Health stroke scale.

0dds ratio (95% Cl) p
Prediction model for all thrombotic events
Age (per year) 1.02 (1-02-1-03) <0-0001
Presence of atrial fibrillation 124 (1.02-1-51) 0-007
Presence of CT evidence of recent cerebral ischaemia 1-18 (1.03-1:35) 0-014
NIHSS (per point) 1.04 (1-02-1-05) <0-0001
Prediction model for all haemorrhagic events
Age (per year) 1.01(1-00-1-02) 0-04
Presence of atrial fibrillation 1-09 (0-78-1-50) 0-60
NIHSS (per point) 1-06 (1-04-1-09) <0-0001

NIHSS=National Institutes of Health stroke scale.

Table 3: Prediction models for thrombotic and haemorrhagic events developed in the IST dataset

randomly assigned to a heparin regimen had a 1-6%
absolute increase in the risk of haemorrhagic events and
a 1-4% reduction in the risk of thrombotic events
compared with those assigned to aspirin or placebo. For
low-dose heparin versus aspirin or placebo, the
proportions were a 0-5% increase and a 1-4% decrease.
Patients who had a haemorrhagic or thrombotic event
within 2 weeks of stroke had a high risk of death or
dependence: 82% of patients who had a haemorrhagic
event and 88% of patients who had a thrombotic event
were dead or dependent at final follow-up.

In univariate analysis, four factors were significantly
and consistently associated across trials with the risk of
thrombotic events after stroke: increasing age, presence
of atrial fibrillation, a CT-visible infarction, and an
increasing NIHSS score (figure 1). A prediction model
constructed with these four variables (table 3) using
data from the IST dataset discriminated moderately well
between those patients who did have a thrombotic event
by 14 days post-stroke and those who did not, both in
the development dataset (AUROCC 0-60, 95% CI
0-58-0-62) and in the test dataset (0-63, 0-59-0-67).
There was no improvement in model fit with non-linear
transformations of the NIHSS score, age, delay from
stroke, or systolic blood pressure. Multiple imputation
of missing variables made little difference to the
magnitude or directions of the association seen in the
model created in the development dataset. In the test
dataset, there was a positive gradient of thrombotic
events by quintiles of predicted risk of thrombotic
events (table 4), from a 2-0% risk in the lowest quintile
to 7-0% in the highest quintile.

Models to predict symptomatic venous thrombo-
embolism alone discriminated moderately well between
patients who developed venous thromboembolism and
those who did not in the test dataset when based on
variables that predicted all thrombotic events (AUROCC
0-66, 95% CI 0-59-0-73), but not when based on
available variables suggested in the NICE guidelines: age
older than 60 years, presence of leg weakness, and
presence of comorbidities (0-49, 0-46-0-52).

Increasing age, increasing NIHSS score, and the
presence of atrial fibrillation were associated with an
increased risk of any haemorrhagic event (figure 2). A
prediction model constructed from these three variables
(table 3) discriminated only moderately between those
patients who developed a haemorrhagic event within
14 days in the IST development dataset (AUROCC 0-61,
95% CI 0-58-0-64) with a similar performance in the
test dataset (0-60, 0-55-0-64). In the test dataset, there
was a moderate gradient of increased absolute risk of
haemorrhagic events by quintiles of predicted risk of
haemorrhage from the lowest (1-6%) to the highest
(4-6%) quintile (table 4).

Patients in each trial were divided into sixteen groups,
defined by quartiles of risk of all haemorrhagic events
and quartiles of risks of all thrombotic events (table 5).
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N Number of events (%)

Quintile of predicted risk of thrombotic event*

1 749 15 (2-0%)
2 744 23 (3-1%)
3 745 29 (3-9%)
4 746 41(5:5%)
5 745 52 (7-0%)
Total 3729 160 (4-3%)
Quintile of predicted risk of haemorrhagic eventt

1 763 12 (1-6%)
2 763 13 (17%)
3 764 18 (2:4%)
4 762 11 (1-4%)
5 763 35(4-6%)
Total 3815 89 (2:3%)

N=number of patients. *Hosmer Lemeshow y?=3-2, p=0-35. fHosmer Lemeshow
X2=4-2,p=023.

Table 4: Number of thrombotic and haemorrhagic events by quintiles of
predicted risk of event in evaluation datasets (TAIST, TOAST, FISS-tris,
HAEST)

We found that no group had a statistically significant
benefit of heparins over aspirin or placebo for the
prevention of death or disability at the time of last follow-
up. In none of the 16 groups was there evidence of
significant heterogeneity between the risk differences
from the different trials. There was no visible pattern or
trend of increasing benefit or harm across the groups.

The results were similar when examining patients
from IST alone; when examining patients from the
HAEST, TAIST, TOAST, and FISS-tris trials together;
when comparing patients randomly assigned to low-dose
heparins with those randomised to aspirin or placebo;
when comparing patients randomised to high-dose
heparins with those randomised to aspirin or placebo; or
where death at final follow-up was the outcome of
interest. The term [(predicted thrombosis—predicted risk
of haemorrhage) xheparin] was not significant in an
ordinal logistic regression model (p=0-43).

Discussion
We have not been able to define a strategy that can reliably
select the patients with ischaemic stroke who are most
likely to benefit and least likely to be harmed by early
heparin therapy. This stratified analysis of individual
patient data from the five largest trials of heparins in acute
stroke therefore provides no support for targeting the use
of heparin, heparinoids, or low-molecular-weight heparin
after stroke for the prevention of thrombotic events to
reduce post-stroke death or disability using risk models
based on simple clinical variables (including those
proposed by NICE).

Higher age, greater stroke severity, and the presence of
atrial fibrillation were associated with an increased risk
of both thrombotic and haemorrhagic events. Therefore,

Variable n/N OR(95% Cl) 2P P

Age (per decade) 374/22655 116 (1-05-1-27) 0-003 0%
Male sex 374/22 655 0-95(0-78-1-17) 0-65 0%
History of myocardial infarction 88/3692 115 (0-70-1-91) 0-57 0%
History of stroke 87/3787 1-21(0-64-2-29) 055 18%
History of diabetes mellitus 69/2319 0-67 (0-26-1.70) 0-40 45%
Prior antiplatelet agents 374/22625 0-84 (0-65-1-08) 017 0%
Atrial fibrillation 358/21701 = 134 (1-03-1.76) 0-03 0%
NIHSS (per point) 354/21740 109 (1.04-114)  <0-001 66%
Weight (per kg) 89/3737 1.00(0-98-1:02) 083  50%
Randomisation blood pressure (per mm Hg) ~ 374/22645 1.00 (1-00-1-01) 044  36%
Stroke to randomisation delay (per hour) 372/22613 100 (0-98-1-01) 061 30%
Presence of CT visible acute infarct 373/22565 120 (0-79-1-82) 0-29 24%
Total anterior stroke syndrome (vs others) 374/22220 E 3 1:90 (1-27-2-85) 0002 41%

01 1.0 10-0
Odds ratio

Figure 2: Association of baseline variables with haemorrhagic events (intracranial or extracranial

haemorrhage)

Each square represents the point estimate from a random effects meta-analysis across trials, and the horizontal

line the 95% CI. N=number of patients, n=number of events in each meta-analysis.

patients at a higher predicted risk of thrombotic events
were also at a higher risk of haemorrhagic events, and no
single variable discriminated reliably between the risk of
thrombosis and haemorrhage.

This study has several limitations. The models that we
produced were only moderately predictive of recurrent
thrombotic or haemorrhagic events. Many prognostic
models developed in patients with stroke have only poor
to moderate predictive performance: for example,
prediction models of bleeding (AUROCC 0-67),*
recurrent stroke (0-61-0-68),* and deep vein thrombosis
(0-57).2 The accuracy of the models developed in our
analysis was similar. However, unlike observational
cohorts, the assessment of the effect of heparins was
unbiased because they were randomly allocated. Our
predictive models might have been improved if we had
been able to test important and plausible predictive
variables that were missing in this dataset, such as renal
failure, history of a previous venous thrombosis, or
gastrointestinal haemorrhage. However, these events are
fairly infrequent in clinical stroke practice. Because most
thrombotic and haemorrhagic events occur in people
without these risk factors, the addition of these variables
is unlikely to have materially improved the performance
and accuracy of predictive models.*

Variables were defined and obtained in different ways
in different trials, which could have added random error
to each of the variables (particularly measures of stroke
severity). We used data from large randomised trials in
which the primary focus was the collection of data for
death or dependence at end of follow-up, rather than the
collection of data on recurrent events or venous
thromboembolism. Some important events were
probably missed, which might have limited the
discriminative performance of the predictive models.
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Quartiles of predicted risk of haemorrhagic events

1 (lowest) 2 3 4 (highest)
Quartiles of predicted risk of thrombotic events*
1 (low) -0-02 (~0-05 to 0-02); N=3190 -0-02 (-0-08 to 0-04); N=1140 -0-16 (-0-34 to 0-02); N=129 i N=0
2 -0-02 (~0-07 to 0-04); N=1074 0-01 (-0-04 to 0-05); N=2674 0-03 (-0-03t0 0:08); N=1336  -0-08 (-0-27 to 0-10); N=98
3 0-00 (-0-17 to 0-16); N=151 -0-04 (-0-09 to 0-02); N=1168 0-03 (-0-03 to 0-09); N=2783 0-01 (-0-04 to 0-06); N=1074
4 (high) - N=3 -0:02 (-0-18 to 0-15); N=121 0-01 (-0-04 to 0-06); N=1036 0-00 (-0-02 to 0-02); N=4025

*Data are absolute % increase in risk of death or disability with heparins (95% Cl); total number of patients. Each risk difference was calculated with a random effects meta-analysis across trials. Negative numbers
indicate fewer patients dead or dependent after treatment with heparin. N indicates the total number of patients across trials in each cell. In no group was p<0-05 for risk difference; in no group was between-trial

Pheterogenity

<0-2.

Table 5: Absolute risk difference of death or disability at final follow-up between patients treated with heparins and those treated with aspirin or placebo across all five trials, presented
by quartiles of risk of haemorrhagic events and quartiles of risk of thrombotic events (absolute risk difference for whole population 0-00 [-0-01 to 0-01])

Despite this, the proportion of patients with symptomatic
events was within the bounds of those recorded by
contemporaneous studies where the primary focus was
the proportion of patients with short term post stroke
complications.” We identified trials found in a recent
Cochrane systematic review,® rather than updating the
search; however, we believe that we are unlikely to have
missed any large trials of heparins in acute stroke.

This analysis provides no support for the guideline
recommendations and common clinical practice of
individualised risk assessment of haemorrhagic or
thrombotic events in patients with ischaemic stroke when
making a decision whether to prescribe a heparin. To
support such a practice, the analysis would need to show
that prediction of early risk could be validated against the
observed risk of thrombotic and haemorrhagic events,
and that those patients who were at high predicted risk of
further thrombotic events and low risk of haemorrhagic
events were less likely to be dead or dependent after
treatment with a heparin. Because we have analysed most
of the available randomised evidence for patients with
stroke, further large-scale observational data would be
necessary to develop better predictive models, and more
randomised trials of heparins would be needed to test
whether the use of these models improved the effect of a
heparin on death and disability. Most of the prediction
power of statistical models to predict early recurrent
thrombotic and haemorrhagic events would still probably
be determined by age and severity of symptoms, so
additional factors (not correlated with age or symptom
severity) would need to be identified. Candidate variables
for the prediction of haemorrhage with heparin include
brain microbleeds, renal impairment, a history of
haemorrhagic events, or more detailed analysis of brain
imaging findings; for the prediction of thrombotic events,
variables include a history of venous thromboembolism,
an inherited thrombophilia, or cancer.

Guidelines from the American College of Physicians®
and NICE” recommend an individualised assessment of
risk of venous thromboembolism and the risk of
haemorrhage before initiating a heparin in patients with
stroke. Several potential individual risk predictors are

given in both guidelines, although the discriminative
performance of these factors was not stated. Both of these
guidelines gave their recommendations by summing the
benefit of treatment in terms of number of thrombotic
events and the harms in terms of numbers of
haemorrhagic events. Their analysis assumes that equal
weight can be placed on non-fatal thrombotic and
haemorrhagic events, which can be challenged because
non-fatal pulmonary embolism is usually of less clinical
significance than non-fatal intracranial haemorrhage.’ By
using the primary outcome of the stroke studies—a
global measure of dependency—we have not needed to
make any assumption as to the weighting to be placed on
haemorrhagic or thrombotic events. On our dependency
scale, there was no evidence of benefit of heparins after
ischaemic stroke in any risk group.

Heparin, heparinoid, or low-molecular-weight heparin
treatment did not reduce the risk of death or dependency
in patients with ischaemic stroke who have a higher risk
of thrombotic events or a lower risk of haemorrhagic
events, either because there was no difference, or because
our models were only moderately predictive of events. In
view of the lack of evidence for heparin prophylaxis in
reducing mortality in other categories of high-risk
medical patients, and in stroke, these data suggest
current guideline recommendations for routine or
selective use of heparin in stroke (and perhaps other
patients) should be revised.

Contributors

WNW, MSD, GDM, and PAGS conceived of the study. The following
were chief investigators of randomised trials of heparins in acute stroke
patients: HPA (TOAST), PMWB (TAIST), EB and PMS (HAEST), K-SLW
(FISS trials), and PAGS (IST). WNW wrote the protocol and all other

authors reviewed it. WNW analysed the data, and drafted the final
manuscript, which was reviewed by all the authors.

Conflicts of interest

WNW is supported by an MRC Clinician Scientist Fellowship G0902303.
HA received support from the National Institute of Neurological
Disorders and Stroke and received support and travel expenses from
Organon as principal investigator of TOAST. He has received travel
expenses and lecture support from Bayer, manufacturer of aspirin.
PMWB received honoraria and travel expenses from LEO Pharma as
Chief Investigator of TAIST, and was a principal investigator in IST.
PMS was the principal investigator in HAEST. K-SLW was the principal

www.thelancet.com/neurology Published online May 2, 2013 http://dx.doi.org/10.1016/51474-4422(13)70079-6



Articles

investigator in FISS-tris. PAGS was the chief investigator for IST, which
was funded by grants from the UK MRC, the UK Stroke Association,
and the EU Biomed-1 program. PAGS received lecture fees (payable to
his department) and travel expenses from Bayer, manufacturer of
aspirin. The other authors declare that they have no conflicts of interest.

References

1 Lozano R, Naghavi M, Foreman K, et al. Global and regional
mortality from 235 causes of death for 20 age groups in 1990 and
2010: a systematic analysis for the Global Burden of Disease Study
2010. Lancet 2012; 380: 2095-128.

2 Vos T, Flaxman AD, Naghavi M, et al. Years lived with disability
(YLDs) for 1160 sequelae of 289 diseases and injuries 1990-2010:

a systematic analysis for the Global Burden of Disease Study 2010.
Lancet 2012; 380: 2163-96.

3 Kumar S, Selim MH, Caplan LR. Medical complications after
stroke. Lancet Neurol 2010; 9: 105-18.

4 BalamiJS, Chen RL, Grunwald IQ, Buchan AM. Neurological
complications of acute ischaemic stroke. Lancet Neurol 2011;

10: 357-71.

5  Geeganage CM, Sprigg N, Bath MW, Bath PMW. Balance of
symptomatic pulmonary embolism and symptomatic intracerebral
hemorrhage with low-dose anticoagulation in recent ischemic
stroke: a systematic review and meta-analysis of randomized
controlled trials. J Stroke Cerebrovas Dis 2013; DOI:10.1016/j.
jstrokecerebrovasdis.2012.03.005.

6  Sandercock PA, Counsell C, Kamal AK. Anticoagulants for acute
ischaemic stroke. Cochrane Database Syst Rev 2008; CD000024.
DOI:10.1002/14651858.CD000024.pub3.

7 Bath PMW, Iddenden R, Bath F]. Low-molecular-weight heparins
and heparinoids in acute ischemic stroke: a meta-analysis of
randomized controlled trials. Stroke 2000; 31: 1770-78.

8  Bath P, Leonardi-Bee |, Bath F. Low molecular weight heparin
versus aspirin for acute ischemic stroke: A systematic review.

J Stroke Cerebrovas Dis 2002; 11: 55-62.

9  Al-Sadat A, Sunbulli M, Chaturvedi S. Use of intravenous heparin
by North American neurologists. Stroke 2002; 33: 1574-77.

10 Caplan LR. Resolved: heparin may be useful in selected patients
with brain ischemia. Stroke 2003; 34: 230-31.

11 Kang K, Dong WK, Park HK, Yoon BW. Optimal dosing of
intravenous unfractionated heparin bolus in transient ischemic
attack or stroke. Clin Appl Thromb Hemost 2010; 16: 126-31.

12 Mokin M, Kass-Hout T, Kass-Hout O, et al. Intravenous heparin for
the treatment of intraluminal thrombus in patients with acute
ischemic stroke: a case series. | NeuroIntervent Surg 2012;
DOI:10.1136/neurintsurg-2011-010134.

13 Schmidt WP, Heuschmann P, Taeger D, Henningsen H,
Buecker-Nott HJ, Berger K. Determinants of IV heparin treatment
in patients with ischemic stroke. Neurology 2004; 63: 2407-09.

14 IST-3 collaborative group. The benefits and harms of intravenous
thrombolysis with recombinant tissue plasminogen activator within
6 h of acute ischaemic stroke (the third international stroke trial
[IST-3]): a randomised controlled trial. Lancet 2012; 379: 2352-63.

15  Cordonnier C, Leys D, Deplanque D, Henon H. Antithrombotic
agents’ use in patients with atrial fibrillation and acute cerebral
ischemia. J Neurol 2006; 253: 1076-82.

16  Duffy BK, Phillips PA, Davis SM, Donnan GA, Vedadhaghi ME.
Evidence-based care and outcomes of acute stroke managed in
hospital specialty units. Med ] Aust 2003; 178: 318-23.

17 Eriksson M, Stecksen A, Glader EL, et al. Discarding heparins as
treatment for progressive stroke in Sweden 2001 to 2008. Stroke
2010; 41: 2552-58.

18 Grau A], Eicke M, Biegler MK, et al. Quality monitoring of acute
stroke care in Rhineland-Palatinate, Germany, 2001-2006. Stroke
2010; 41: 1495-500.

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Sett A, Mistri AK. A dramatic impact of CLOTS Studies on clinical
practice in the UK. Int J Stroke 2011; 6: 15.

Scottish Intercollegiate Guideline Network. Management of
patients with stroke or TIA: assessment, investigation, immediate
management and secondary prevention. Edinburgh: Scottish
Intercollegiate Guidelines Network, 2008.

NICE. Venous thromboembolism: reducing the risk. NICE Clinical
Guideline 2010; 92.

Dennis M, Sandercock P, Reid J, et al. Can clinical features
distinguish between immobile patients with stroke at high and low
risk of deep vein thrombosis? Statistical modelling based on the
CLOTS trials cohorts. J Neurol Neurosurg Psychiatry 2011; 82: 1067-73.
International Stroke Trial Collaborative Group. The International
Stroke Trial (IST): a randomised trial of aspirin, subcutaneous
heparin, both, or neither among 19435 patients with acute
ischaemic stroke. International Stroke Trial Collaborative Group.
Lancet 1997; 349: 1569-81.

Sandercock P, Niewada M, Czlonkowska A, the International Stroke
Trial Collaborative Group. The international stroke trial database.
Trials 2011; 12: 101.

The Publications Committee for the Trial of ORG. Low molecular
weight heparinoid, ORG 10172 (Danaparoid), and outcome after
acute ischemic stroke: a randomized controlled trial. JAMA 1998;
279: 1265-72.

Bath PM, Lindenstrom E, Boysen G, et al. Tinzaparin in acute
ischaemic stroke (TAIST): a randomised aspirin-controlled trial.
Lancet 2001; 358: 702-10.

Berge E, Abdelnoor M, Nakstad PH, Sandset PM. Low molecular-
weight heparin versus aspirin in patients with acute ischaemic
stroke and atrial fibrillation: a double-blind randomised study.
Lancet 2000; 355: 1205-10.

Wong KS, Chen C, Ng PW, et al. Low-molecular-weight heparin
compared with aspirin for the treatment of acute ischaemic stroke
in Asian patients with large artery occlusive disease: a randomised
study. Lancet Neurol 2007; 6: 407-13.

Gray L], Ali M, Lyden PD, Bath PMW. Interconversion of the
National Institutes of Health Stroke Scale and Scandinavian Stroke
Scale in Acute Stroke. J Stroke Cerebrovas Dis 2009; 18: 466-68.
Bamford ], Sandercock P, Dennis M, Warlow C, Burn J.
Classification and natural history of clinically identifiable subtypes
of cerebral infarction. Lancet 1991; 337: 1521-6.

Lindley RI. Are very large trials of promising treatments for acute
stroke feasible? [MD thesis] University of Newcastle-upon-Tyne,
UK; 1993.

Altman DG, Royston P. What do we mean by validating a
prognostic model? Statist Med 2000; 19: 453-73.

Rubin DB. Multiple imputation for nonresponse in surveys.

John Wiley & Sons, 1987,

The Optimising Analysis of Stroke Trials (OAST) Collaboration.
Can we improve the statistical analysis of stroke trials? Stroke 2007;
38: 1911-15.

Geraghty OC, Mehta Z, Rothwell PM. Population based study of
predictors of bleeding on aspirin-based antiplatelet treatment:
towards a risk model. Cerebrovasc Dis 2012; 33 (suppl 2): 49.
Wijnhoud AD, Maasland L, Lingsma HF, Steyerberg EW,
Koudstaal PJ, Dippel DW]. Prediction of major vascular events in
patients with transient ischemic attack or ischemic stroke:

a comparison of 7 models. Stroke 2010; 41: 2178-85.

Kumar S, Selim MH, Caplan LR. Medical complications after
stroke. Lancet Neurol 2010; 9: 105-18.

Qaseem A, Chou R, Humphrey LL, Starkey M, Shekelle P. Venous
thromboembolism prophylaxis in hospitalized patients: a clinical
practice guideline from the American College of Physicians.

Ann Intern Med 2011; 155: 625-32.

www.thelancet.com/neurology Published online May 2, 2013 http://dx.doi.org/10.1016/51474-4422(13)70079-6



	Targeted use of heparin, heparinoids, or low-molecular-weight heparin to improve outcome after acute ischaemic stroke: an individual patient data meta-analysis of randomised controlled trials
	Introduction
	Methods
	Procedures
	Predictive models
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	References


