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INTRODUCTION
Six years ago, in December 1955, there ap-
peared in the New England Journal of Medi-
cine an article that revolutionized the way we 
think of stroke. I am referring, of course, to 
the NINDS paper ‘Tissue plasminogen activa-
tor for acute ischemic stroke’ (The National 
Institute of Neurological Disorders and Stroke 
rt-PA Stroke Study Group 1995), which sin-
gularly made the FDA recognize rt-PA as 
still the only approved treatment for stroke. 
Trailing behind that landmark paper was 
our paper from Hong Kong, ‘Low-molecu-
lar-weight heparin for the treatment of acute 
ischemic stroke’ (Kay et al. 1995), which 
showed that an anticoagulant, nadroparin, if 
given subcutaneously within 48 h of stroke 
onset could also reduce death or disability. 
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This paper temporarily raised the hope that 
there might be another treatment for stroke 
than thrombolysis within three hours. But as 
more anticoagulant trials were completed and 
published, that hope has evaporated. In this 
article, I shall revisit some of the milestones 
in the history of anticoagulation for stroke, re-
view the controversies that recent trials have 
generated, and fi nally offer some thoughts on 
the use of anticoagulants in daily practice.

HISTORICAL PERSPECTIVE
For over 60 years, heparin has been used as a 
treatment for stroke. The original reason for its 
use was probably a matter of logic: stroke was 
due to ‘cerebral thrombosis’ and heparin was an 
antithrombotic drug. Doubts on its true effi ca-
cy evidently emerged in the 1950s, for clinical 
trials were then conducted on both sides of the 
Atlantic. These pre-CT era trials, which would 
be regarded as fl awed by present-day stand-
ards, suggested that heparin might have a bene-
fi cial effect. Thus intravenous heparin became, 
at least in some infl uential quarters, the pre-
ferred treatment for acute ischaemic stroke.

Following the advent of the CT scan, in the 
1970s, there were two widely quoted rand-
omized controlled trials (RCTs) on the use of 
intravenous heparin for the ‘immediate’ treat-
ment of stroke. Appropriately, these two tri-
als tested the two most common conditions 
for which heparin was given, namely cardi-
oembolic stroke and progressing stroke. The 
fi rst trial, performed by the Cerebral Embo-
lism Study Group (CESG) (Cerebral Embo-
lism Study Group 1983), found that none of 
24 heparinized patients and two of 21 un-
treated patients had an early recurrence. In 
addition, none of the heparinized patients 
and two of the untreated patients had haem-
orrhagic transformation of the infarct (HTI). 
These alarming results led to the early ter-
mination of the CESG study and to the es-
tablishment of a practice that remained large-
ly unchallenged until recently. This practice 
recommended that for acute cardioembolic 
stroke, heparin followed by warfarin should 
be given to nonhypertensive patients with 
small to moderate strokes, provided that 48 
h have passed since the onset of stroke and 
a CT scan performed before treatment has 
ruled out any HTI. Patients with large infarcts 

or uncontrolled hypertension were specifi cal-
ly excluded. The second trial, performed by 
Duke et al. (Duke et al. 1986) addressed the 
issue of stroke progression in ‘acute partial 
stable stroke’. Despite having achieved its tar-
get sample size with 225 patients, this trial did 
not answer the question of whether intrave-
nous heparin was benefi cial to patients with 
progressing stroke, because those who were 
actually progressing or had atrial fi brillation 
had been specifi cally excluded (such was the 
conviction that heparin was needed in those 
circumstances). Nevertheless, 19.5% of pla-
cebo-treated patients did progress further, as 
compared with 17.0% of the heparin-treated 
patients. The absolute reduction of 2.5% was 
not signifi cant (P = 0.62, 95% CI – 8.7% to 
13.7%). By the end of that decade, again there 
were calls on both sides of the Atlantic for tri-
als of anticoagulation for ischaemic stroke.

THE IST AND TOAST
Both launched in the early 1990s, these two 
trials followed very different designs. The In-
ternational Stroke Trial (IST) (International 
Stroke Trial Collaboration Group 1997) was 
clearly inspired by the ‘mega-trials’ for myo-
cardial infarction that were prevailing in Ox-
ford, UK. Because of the large sample size 
needed, IST had to sacrifi ce quality for quan-
tity. Pre-randomization CT scan was not re-
quired, treatment was given without blind-
ing, and outcome measures like recurrence 
and independence were left to the trialist and 
patient, respectively, to defi ne. In contrast, the 
Trial of ORG 10172 in Acute Stroke Treatment 
(TOAST) (TOAST Investigators 1998), spon-
sored by the US National Institutes of Health, 
demanded fewer patients but a much more 
elaborate system of case ascertainment and 
treatment blinding.

The results of IST and TOAST (Table 1), 
published, respectively, in 1997 and 1998, and 
the Cochrane Systematic Review that followed 
(Gubitz et al. 2001), arguably rang the ‘death 
knell’ for heparin in acute stroke. Respectively 
for size and rigour, these two trials have won 
the approval of stroke physicians worldwide, as 
attested by the unanimous decisions of guide-
line writers in Europe (Hacke et al. 2000), Asia-
Pacifi c (Organizing Committee 1998), and the 
United States (Albers et al. 2001) to exclude the 
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routine use of heparin (including low-molec-
ular-weight heparin and heparinoid) from the 
acute management of stroke.

LOW-MOLECULAR-WEIGHT 
HEPARINS
Low-molecular-weight heparins are fraction-
ated heparin with the pharmacokinetic ad-
vantages of rapid absorption, good bioavail-
ability, and long half-life. In clinical trials of 
venous thrombosis and unstable angina, they 
have been shown to be superior to unfrac-
tionated heparin. To date, four major RCTs 
of acute stroke treatment involving a low-mo-
lecular-weight heparin have been completed: 
FISS (Kay et al. 1995) and FISS bis (Hommel 
1998), which tested nadroparin vs. placebo, 
HAEST (Berge et al. 2000), testing dalteparin 
vs. aspirin, and TAIST (Bath et al. 2001), test-
ing tinzaparin vs. aspirin (Table 1). With the 
exception of FISS, all failed to show that low-
molecular-weight heparin had any superi-
ority over placebo or aspirin, other than a 
reduction in deep venous thrombosis or pul-
monary embolism.

RECURRENT STROKE AND 
HAEMORRHAGIC 
TRANSFORMATION
One of the key arguments against anticoagu-
lants is that they cause as many haemorrhag-
ic strokes as the number of recurrent strokes 
they prevent. The Cochrane review found 
that ‘Although anticoagulant therapy was as-
sociated with about 9 fewer recurrent ischae-
mic strokes per 1000 patients treated, it was 
also associated with a similar sized 9 per 1000 
increase in symptomatic intracranial haem-
orrhages’ (Gubitz et al. 2001). Prevention of 
early recurrence used to be the major ration-
ale for using heparin acutely, for it was felt 
that without treatment it could be as high as 
1% per day during the fi rst 2 weeks, especial-
ly after a cardioembolic stroke. However, 
successive reports from the late 1980s sug-
gested that the true recurrence rate was no 
higher than 4% in the fi rst 30 days, although 
the proportion of patients anticoagulated in 
those observational studies was unknown 
(Kay 2000). What the anticoagulant trials (ex-
cluding the unfi nished CESG) have shown is 
that the early recurrence rate after cardioem-

 IST FISS FISS BIS TOAST HAEST TAIST
Patients randomized 19435 308 767 1281 449 1486

Time window 48 h 48 h 24 h 24 h 30 h 48 h

Mean time to treatment 19 h 27 h 14 h 16 h 20 h 25 h

Main outcome measure death or death or death or favourable  recurrent stroke death or

 dependency dependency Barthel < 85 outcome * at 14 days dependency

Interim follow-up none 3 m 3 m 7 d 14 d 3 m

High-dose group (%) _ 53 65 59 8.5 62

Low-dose group (%) _ 60 62 _ _ 62

Control group (%) _ 64 61 54 7.5 57

 P-value _ 0.12 0.41 0.07 NS NS

Final follow-up 6 m 6 m 6 m 3 m 3 m ** 6 m

High-dose group (%) 63 45 59 75 66 58

Low-dose group (%) 63 52 57 _ _ 58

Control group (%) 63 65 57 74 65 57

 P-value NS 0.005 0.62 0.49 NS NS

Main safety measure any death any HTI symptomatic ICH serious ICH Symptomatic ICH symptomatic ICH

Measured at 14 d 10 d 6 m 10 d 14 d 10 d

High-dose group (%) 9.3 6.2 6.1 2.4 2.7 1.4

Low-dose group (%) 8.7 8.6 3.7 _ _ 0.6

Control group (%) 9.3 12.0 2.8 0.8 1.8 0.2

 P-value NS 0.19 NS 0.05 NS < 0.05

*Combination of Glasgow Outcome Scale of I or II and Modifi ed Barthel Index of 12 or greater.
** As a secondary outcome, death or dependency at 3 months.
HTI, haemorrhagic transformation of the infarct; ICH, intracranial haemorrhage; NS, not signifi cant.

Table 1 Trials of anticoag-
ulants for the acute treat-
ment of ischaemic stroke
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bolic stroke was 1.6–6.3% among placebo-
treated patients, and 0.0–3.7% among anti-
coagulated patients. Regarding haemorrhagic 
transformations, with CT scanning asympto-
matic ones are commonly seen regardless of 
coagulation status. Symptomatic HTIs were 
found in 3.6% of 417 anticoagulated patients 
in six observational studies published be-
tween 1986 and 1995 (Kay 2000). In the anti-
coagulant trials, symptomatic HTI occurred 
in 0.0–2.8% of placebo-treated patients, and 
in 0.0–6.1% of anticoagulated patients. Thus, 
despite the considerable variability in the 
way ischaemic recurrences and haemorrhagic 
transformations were defi ned and identifi ed, 
clearly there was a reduction of the former 
and an increase of the latter with the admin-
istration of anticoagulants. However, the bal-
ance between the two is not constant and is af-
fected by the dose of anticoagulants and by the 
underlying pathology of the stroke. In the IST, 
the number of recurrent ischaemic strokes 
per haemorrhagic stroke was 1.8 for the 12500 
IU twice-daily heparin group, 3.7 for the 5000 
IU twice-daily heparin group, and 9.5 for the 
no heparin group. Among the subgroup of 
patients with atrial fi brillation, this number 
went from 1.3 to 12.3 between heparinized 
and nonheparinized patients. Before using 
these fi gures to decide whether heparin does 
any good or not, it should be remembered that 
ischaemic recurrence (often underestimat-
ed) and haemorrhagic transformation (often 
overestimated) are really surrogate markers, 
and may have little bearing on the eventual 
outcome in terms of death and disability.

Paradoxically, heparin, which is normally 
given intravenously in adjusted doses, was 
given subcutaneously in fi xed doses in IST; 
and danaparoid (a heparinoid), which is nor-
mally given subcutaneously in fi xed doses, 
was given intravenously in adjusted doses in 
TOAST. These unconventional ways of ad-
ministration may have contributed to the 
fi nal lack of success for both trials. In IST, 
the excess of symptomatic HTI came mostly 
from the 12500 IU twice-daily heparin group. 
As absorption of subcutaneous heparin is 
known to be quite unpredictable, in many 
patients this might have resulted in insuffi -
cient drug entering the circulation whilst for 
the few with side-effects the drug levels could 

have been very high (Cohen 1997). In TOAST, 
danaparoid was given as an infusion after an 
initial bolus dose. Patients who weighed less 
than 125 lb were found to have higher anti-
factor Xa activities and more bleeding events, 
suggesting that this method of administra-
tion had caused some overshooting.

Thus, if anticoagulants are to be used acute-
ly for stroke, the following caveats may be per-
tinent: 

• large doses of heparin, even if given subcu-
taneously, should be avoided; 

• low-molecular-weight heparins and hep-
arin oids are not safer alternatives, and need 
not be given intravenously; 

• because of the danger of overshooting, bolus 
doses of either heparin or its low-molecular-
weight counterparts should be avoided

Because intravenous heparin therapy re-
quires a bolus to saturate the plasma protein 
binding sites, this leaves subcutaneous low-
molecular-weight heparin as the only safe 
method of rapid anticoagulation.

POSSIBLE INDICATIONS FOR 
GIVING ANTICOAGULANTS 
ACUTELY AFTER ISCHAEMIC 
STROKE (TABLE 2)

Cardioembolism
While it is generally accepted that anticoagu-
lants should not be given routinely for acute 
ischaemic stroke, many physicians believe 
that cardioembolic stroke should be treated 
differently. Such deviation is not supported by 
current evidence. In the HAEST study, which 
enrolled only patients with atrial fi brillation, 
the frequency of recurrent ischaemic stroke 
was actually higher in the dalteparin-treated 
than aspirin-treated patients (8.5% vs. 7.5%, 
NS). In the subgroup of IST patients with atri-
al fi brillation, 2.8% vs. 4.9% (2P < 0.01) of 
heparinized vs. nonheparinized patients had 
a recurrence, but the risk of haemorrhagic 
stroke among the heparinized patients was 
correspondingly higher. However, in neither 
of these studies were other causes of cardi-
oembolism considered, and it would be rea-
sonable to contemplate anticoagulation if, 
for example, an intracardiac thrombus or 
an aortic plaque with thrombus is found on 
echocardiography.
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Large artery atherosclerosis
Although not as well known as cardioembo-
lism, recurrence following large-artery athero-
thrombosis is well documented. In the Ro-
chester Epidemiology Project (Petty et al. 
2000), 18.5% of large-artery infarctions had a 
recurrence within 30 days, signifi cantly more 
than the 5.3% following cardioembolic infarc-
tions. Subgroup analysis of the TOAST results 
showed that among patients with large-artery 
atherosclerosis, those who received danapar-
oid had signifi cantly better outcomes at three 
months than those who received placebo (OR 
= 1.77; 95% CI 1.04–3.03). For stroke patients 
with signifi cant internal carotid artery steno-
sis, therefore, some authorities are suggesting 
early anticoagulation (Hacke et al. 2000). This 
bears on the question why FISS was positive, 
was it the ‘play of chance’ or could it be related 
to the fact that nearly half of Chinese ischae-
mic stroke patients have intracranial large-
artery occlusive disease (Wong et al. 2000)? 
One putative mechanism is that anticoagu-
lants help to clear away emboli from the sten-
otic segment which are otherwise lodged in 
the internal border zones (Fig. 1).

Progressing stroke
Since the study by Duke et al. (1986) there has 
been no further RCT attempting to address 
this ill-defi ned multifactorial condition. Open 
studies, however, showed that even with the use 
of intravenous heparin, 21–50% of patients 
continue to deteriorate (Kay 2000). The rates 
of serious HTI (under 3%) given in these ob-
servational studies were no higher than expect-
ed. Of interest is a recent Swedish study which 
showed that although patients who progressed 

stayed longer in the stroke unit, their mortality 
was similar to that of stable patients (Rödén-
Jüllig & Britton 2000). Thus, there seems to be 
no particular reason to anticoagulate patients 
for progressing stroke unless they have cardiac 
or large-artery disease (see above).

THE DILEMMA IN PRACTICE
Discussions in the literature inevitably lead 
to the larger subject of evidence-based medi-
cine. Amidst the debates on ‘heparin’, we are 
reminded that a properly designed RCT of 
adjusted-dose intravenous heparin has yet to 
be performed (a European trial is underway). 
Recommendations for using anticoagulants, 
such as those listed in Table 2, are at best based 
on ‘level 4’ evidence. Physicians who give 
heparin or similar compounds are following 
‘hope over experience’ (Hachinski 1999). Fi-
nally we should all be doing clinical trials if we 
use heparin or give aspirin if we don’t.

What is the reality? Since we published 
our FISS paper, there have been palpable im-
provements: radiographers are glad to do CT 
scans and patients are happy that ‘something 
is being done’. Of course, neither is a good rea-
son for us to continue using low-molecular-
weight heparin but for the fact that FISS was 
positive, at least in Hong Kong. To test the hy-
pothesis that the positivity of FISS came from 
patients with intracranial large-artery steno-
sis, we have recently obtained support from 
our Hospital Authority to conduct a ‘FISS tris’ 
trial in which enrolled patients will all have 
transcranial Doppler evaluation of the intrac-
ranial arteries. Selected patients will also have 
magnetic resonance angiography. Unfortu-
nately, we could not persuade the drug com-
pany to provide us with the placebo.

What if you don’t live in Hong Kong, Sin-
gapore, or the part of Europe that is investi-
gating unfractionated heparin, where you can 
participate in anticoagulant trials? What jus-
tifi cation have you got if you want to use an-
ticoagulants for your acute stroke patient? I 
suggest there are two. The fi rst one is that you 
are not doing this indiscriminately. Before 
and during anticoagulation, you will have in-
vestigated and monitored your patient thor-
oughly. In so doing, the extra care and atten-
tion you give him or her should more than 
enough compensate for any risk your treat-

Table 2 Possible indica-
tions for giving anticoagu-
lants acutely after ischae-

mic stroke

Cardiac source of emboli* valvular heart disease

 artifi cial valves

 after recent myocardial infarction

 atrial fi brillation with or without 

 spontaneous echo contrast

Arterial disease* aortic plaques

 arterial dissection

 extracranial stenosis or occlusion

 intracranial stenosis or occlusion

Progressing stroke
Hypercoagulable states
Intracranial venous thrombosis

* Especially in the presence of mural or intraluminal thrombi.
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ment conferred. Secondly, think of Dr Cap-
lan’s patient X, who has ‘individual charac-
teristics that might differ in many ways from 
patients studied in published trials’ (Caplan 
1999). Dr Caplan’s eclectic approach to the 
treatment of individual patients stands in ap-
parent confl ict with evidence-based reduc-
tionism, but isn’t that the sort of hope and ex-
perience with which we jobbing neurologists 
practise much of the time anyway?

REFERENCES
Albers GW, Amarenco P, Easton JD, Sacco RL & Teal P (2001) 

Antithrombotic and thrombolytic therapy for ischem-
ic stroke: Sixth ACCP Consensus Conference on Anti-
thrombotic Therapy. Chest, 119, 300S–320S.

Bath PMW, Lindenstrom E, Boysen G et al. for the TAIST 
Investigators. (2001) Tinzaparin in Acute Ischaemic 
Stroke Trial (TAIST): a randomized aspirin-controlled 
trial. Lancet, 358, 702–10.

Berge E, Abdelnoor M, Nakstad PH & Sandset PM (2000) 
on behalf of the HAEST Study Group. Low molecular-
weight heparin versus aspirin in patients with acute is-
chaemic stroke and atrial fi brillation: a double-blind 
randomised Study. Lancet, 355, 1205–10.

Caplan LR (1999) When should heparin be given to pa-
tients with atrial fi brillation-related embolic brain inf-
arcts [Editorial]? Archives of Neurology, 56, 1059–60.

Cerebral Embolism Study Group. (1983) Immediate antico-
agulation of embolic stroke: a randomized trial. Stroke, 
14, 668–76.

Cohen A (1997) Interpretation of IST and CAST stroke tri-
als [Letter]. Lancet, 350, 440.

Duke RJ, Bloch RF, Turpie AGG, Trebilcock R & Bayer N 
(1986) Intravenous heparin for the prevention of stroke 
progression in acute partial stable stroke: a randomized 
controlled trial. Annals of Internal Medicine, 105, 825–8.

Gubitz G, Counsell C, Sandercock P & Signorini D (2001) 
Anticoagulants for ischaemic stroke (Cochrane Re-
view). The Cochrane Library, 3. http://www.update-
software.com/cochrane/.

Hachinski V (1999) Intravenous heparin in acute stroke 
[Commentary]. Archives of Neurology, 56, 1162.

Hacke W, Kaste M, Olsen TS, Bogousslavsky J & Orgogozo 
JM (2000) for the EUSI Executive Committee. Cerebrov-
asc Disease, 10, 22–3.

Hommel M (1998) Fraxiparine in Ischaemic Stroke Study 
(FISS bis) [Abstract]. Cerebrovasc Disease, 8, 19.

International Stroke Trial Collaboration Group. (1997) The 
International Stroke Trial (IST): a randomised trial of aspi-
rin, subcutaneous heparin, both or neither among 19435 
patients with acute ischemic stroke. Lancet, 349, 1569–81.

Kay R (2000) When to anticoagulate? At what dosage?. In: 
Prevention of Ischemic Stroke (eds Fieschi C & Fisher M), 
pp.123–36. Martin Dunitz, London. 

Kay R, Wong KS, Yu YL et al. (1995) Low-molecular-weight 
heparin for the treatment of acute ischemic stroke. New 
England Journal of Medicine, 333, 1588–93.

Organizing Committees (Program, Advisory, and Local) 
(1998) Asia Pacifi c Consensus Forum on Stroke Man-
agement. Stroke, 29, 1730–6.

Petty GW, Brown RD, Whisnant JP, Sicks JD, O’Fallon WM & 
Wiebers DO (2000) Ischemic stroke subtypes: a popula-
tion-based Study of functional outcome, survival, and 
recurrence. Stroke, 31, 1062–8.

Rödén-Jüllig Å & Britton M (2000) Effectiveness of heparin 
treatment for progressing ischaemic stroke: before and after 
Study. Journal of International Medicine, 248, 287–91.

The National Institute of Neurological Disorders and Stroke 
rt-PA Stroke Study Group. (1995) Tissue plasminogen 
for acute ischemic stroke. New England Journal of Medi-
cine, 333, 1581–7.

TOAST investigators. (1998) Low molecular weight hepa-
rinoid, ORG 10172 (danaparoid), and outcome after 
acute ischemic stroke. Journal of the American Medical 
Association, 279, 1265–72.

Wong KS, Li H, Chan YL et al. (2000) Use of transcranial 
Doppler ultrasound to predict outcome in patients with 
intracranial large-artery occlusive disease. Stroke, 31, 
2641–7.

Fig. 1 Embolism from the intracrannial arterial stenosis: a 
73-year-old man presented with mild left hemiparesis. Tran-
scrannial Doppler examination of his right middle cerebral 
artery showed increased velocity with presence of microem-
bolic signals. (a) MR angiography showed severe stenosis 
of the proximal right middle artery. (b) Diffusion-weighted 
MR showed multiple acute infarcts along the right internal 
border zone region.

(a) 
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