ORIGINAL ARTICLE

Anticoagulation in acute ischemic stroke: A systematic search

Navara L. Froio?, RicHarD MurbocH MontGoMERY?, ELias DaviD-NETo?, Ivan APRAHAMIANY*

Department of Internal Medicine, Faculdade de Medicina de Jundiaf, Jundiai, SR Brazill

Study conducted at Faculdade de
Medicina de Jundiai, Jundiai, SP Brazil

Article received: 4/1/2016
Accepted for publication: 4/21/2016

*Correspondence:
Address: Rua Francisco Telles, 250
Jundiai, SP — Brazil

SUMMARY

Introduction: Stroke is one of the most important diseases worldwide. Several
clinical scenarios demand full dose of anticoagulants primary to stroke etiology
or to the treatment of comorbidity. However, controversy exists over many issues
regarding anticoagulation treatment in stroke such as time for initiation, effi-
cacy according to stroke etiology, the ideal dose of anticoagulants, and whether
novel anticoagulants should be used.

Method: Computerized search for clinical trials and randomized controlled
clinical trials was done to the present date at Medline, Scielo, Embase, PsychIn-
fo, and Cochrane Library using MeSH terms and the keywords stroke, ischemic
stroke, anticoagulation, anticoagulants, heparin, low-molecular-weight heparin,
warfarin, dabigatran, rivaroxaban, apixaban. The PRISMA statement was used
to evaluate clinical trials.

Results: Fourteen clinical trials were selected based on inclusion criteria. No
evidence was found supporting the early use of heparin, heparinoids or low-
-molecular-weight heparin (LMWH) early after stroke. No consistent evidence
for the use of warfarin and the newer oral anticoagulants were found. Argatroban
was the only anticoagulant with significant positive results early after large-artery
ischemic stroke.

Conclusion: The ideal time for initiating anticoagulation remains undefined,
requiring further investigation. Early anticoagulation for ischemic stroke is not
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INTRODUCTION
Stroke is the second most common cause of mortality
and the third cause of disability worldwide. Ischemic
stroke leads to 2.9 million deaths and to disabling se-
quelae in approximately 3.4 million patients globally.'?
Among all types of stroke, ischemic stroke accounts for
68% and hemorrhagic stroke for 32% of the cases, having
a higher incidence in less developed countries.* With regard
to the etiology of stroke, 20% of cases are due to intracra-
nial large-artery atherosclerotic disease, 25% to lacunar
infarctions, 20% to cardioembolism, and 5% to rare eti-
ologies, while 30% are cryptogenic.®

Aspirin, antihypertensives, and statins are the most
commonly prescribed drugs for secondary prevention of
stroke.® Anticoagulation therapy is not routinely indi-
cated for acute stroke management owing to the risks of
intra or extra-cranial bleeding although it can offer some
benefits. Controversy exists over the timing for initiation

recommended, with few exceptions, such as that of argatroban.

Keywords: acute ischemic stroke, anticoagulation, heparin, warfarin.

of anticoagulation, the efficacy of the treatment in rela-
tion to stroke etiology, the ideal dose of anticoagulants,
and the use of novel anticoagulants.’” Even the form in
which the anticoagulant is administered can influence
outcomes. For instance, a study with the administration
of a bolus of intravenous heparin at doses of 5,000 IU or
less did not increase the risk of complications.® However,
randomized trials involving a larger number of patients
to confirm this finding are needed.®

Randomized trials further assessing these issues in
large patient cohorts have been suggested. However, het-
erogeneity among studies and different clinical scenarios
justifying anticoagulation hamper a meta-analysis of all
the clinical studies available.?

The objective of the present review is to critically com-
pile the information on anticoagulation after acute isch-
emic stroke reviewing debatable issues on anticoagulation
treatment. We have searched mainly randomized clinical
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trials, and other relevant published information in the
literature to achieve a higher grade of evidence.

MEeTtHOD

We performed a broad critical review on anticoagulation in
acute ischemic stroke. In November 2015, a computerized
search for English written clinical trials and randomized
controlled trials was done in Medline, using the following
MeSH terms and keywords: stroke, ischemic stroke, antico-
agulation, anticoagulants, heparin, low-molecular-weight
heparin (LMWH), warfarin, dabigatran, rivaroxaban, apixa-
ban. This initial search yielded a maximum of 469 refer-
ences. A manual search identified studies against an inclu-
sion criteria for eligibility and relevance that incorporated:
ischemic stroke, identification of stroke etiology, randomized
controlled trials, outcomes clearly identified, report of ad-
verse effects, report of hemorrhage due to anticoagulation,
time of initial, and duration of anticoagulation (n=14). The
resulting information was supplemented by extensive man-
ual searching of references included at Medline database or
in the primary selected studies, especially for prospective,
controlled, systematic reviews, and meta-analysis. Other
studies reporting safety and tolerability data not reported
in prospective or controlled studies were manually searched.
The Cochrane Library was searched to assure that this evi-
dence was not systematic reviewed. Also, Embase, Scielo,
and PsychInfo databases were searched for relevant studies
not reported at Medline, which yielded no additional find-
ings (Figure 1). Finally, eight studies of anticoagulation in
acute stroke were selected (Table 1). Study selection was
based on the agreement between two authors using the
Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA; www.prima-statement.org) statement
checklist and flow diagram as reference for quality analysis
(N.F.and LA.). Two other authors analyzed the information
obtained from the selection of studies (R M.M. and E.D.N.).

ResuLts

The use of heparin for the acute management of ischemic
stroke has been assessed in a number of clinical trials,
producing conflicting results (both positive and negative)
and thus requiring further evaluation.®!!

Table 1 provides a brief summary of the findings of
the eight most important clinical trials on anticoagula-
tion in acute stroke. Overall, no clear evidence favoring
early anticoagulation was found supporting the use of
heparin, heparinoids, LMWH or other agents after acute
stroke for the secondary prevention of thromboembolic
events, disabling sequelae or death.'*"? Antiplatelet agents
remain the first-choice of antithrombotic agents.

Initial search with the MeSH -
Potentially relevant

term: “stroke, ischemic stroke, .
articles from database

anticoagulation, search (n=469)

anticoagulants, heparin,
low-molecular-weight heparin,
warfarin, dabigatran,

rivaroxaban, apixaban”

Inclusion criteria: ischemic .
14 studies

stroke, identification of .
selected according to

stroke etiology, randomized . . Joer
inclusion criteria

controlled trials, outcomes

clearly identified, report of

adverse effects, report of .. .
»rep 8 studies including

hemorrhage due to . . .
8 randomized trials with
anticoagulation, time . . .
2 ’ acute ischemic stroke with

of initial, and duration . .
anticoagulation treatment

of anticoagulation

FIGURE 1 Flow diagram of selected studies.

Only two studies showed clinical improvements with
anticoagulation.'*'*?° Kay et al. reported significant dose-
-dependent reduction in the risk of death or dependency at
6 months with nadroparin.’? In the TOAST trial there was
a significant response observed with anticoagulation using
danaparoid at both 7 days and 3 months among subjects
with stroke secondary to large-artery atherosclerosis
(Table 1).!* The ARGIS-1 trial used anticoagulation with
argatroban safely to subjects with acute stroke also due
to large-artery atherosclerosis, but without clinical or func-
tional outcomes between the treatment groups (Table 1).*

Non-vitamin K antagonist oral anticoagulants (NOAC)
such as dabigatran, rivaroxiban, and apixaban were not
properly evaluated in the acute management of ischemic
stroke.??? Clinical trials have not included these agents
to anticoagulation in the acute stroke phase. Only 44
patients have randomly received apixaban or warfarin
within 7 to 14 days of previous stroke in the ARISTOTLE
trial, without stroke or systemic embolism in the follow-up
and only one major bleed with warfarin.??

The main reason to avoid the use of anticoagulants
was a variable increase to the risk of bleeding (Table 1).
Even at the TOAST trial, a higher bleeding rate was seen
in the danaparoid group.!* However, bleeding rates did
not differ between the therapeutic and placebo groups of
the ARGIS-1 trial using argatroban.”
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DiscussionN

Only two out of eight studies favored the early anticoagu-
lation for acute stroke. These studies presented different
sample selection, anticoagulation agents, outcomes, time
of follow-up, and clinical measures. Most studies have used
LMWH as the anticoagulant agent and two of them used
unfractioned heparin and a particular direct thrombin
inhibitor, i.e., argatroban.?** Thus, it is very difficult to
include the whole data in a meta-analysis. Three meta-
-analyses were done regarding the use of anticoagulants for
acute ischemic stroke between 2002 and 2008 with differ-
ent inclusion criteria and studies that were included.?¢?8
Thereafter, it is necessary to evaluate each study individu-
ally to permit a critical analysis of the results.

The study conducted by Kay et al. was the first clinical
trial to evaluate the use of LMWH nadroparin for the treat-
ment of 308 subjects with acute stroke. Death and depen-
dency were the main outcomes. A significant, dose-depen-
dent reduction in the risk of death or dependency was
observed after 6 months among the subjects treated with
nadroparin. Bleeding rates were similar among the groups.'?

After two years, the results of the International Stroke
Trial (IST) comparing the administration of subcutaneous
unfractionated heparin (UFH) versus aspirin within 48
hours of onset of ischemic stroke symptoms were published.
This randomized trial involved 19,435 patients from 467
hospitals in 36 different countries. The study showed that
patients treated with heparin had a significantly lower
recurrence of ischemic stroke within a 14-day period. How-
ever, there was a significant increase in the risk of hemor-
rhagic stroke and extracranial bleeding in this group. Over
a 6-month follow-up, anticoagulation offered no benefits
in terms of rates of functional decline or death."

In the following year, results were published for the
Acute Stroke Treatment (TOAST), assessing the use of a
bolus of intravenous danaparoid, followed by continuous
infusion for 7 days, within 24 hours of stroke symptom
onset. The trial assessed 1,281 patients and found that
early administration was associated with a greater like-
lihood of bleeding. Ischemic strokes were classified by
subtype into the following categories: large-artery ath-
erosclerosis, cardioembolism, small-artery occlusion and
other determined or undetermined causes. A significant
response to the treatment was observed at both 7 days
and 3 months among individuals with stroke secondary
to large-artery atherosclerosis.!

In the HAEST, anticoagulation with dalteparin was
initiated within 30 hours of symptom onset in patients
with ischemic stroke and atrial fibrillation. The primary
objective was to determine whether the anticoagulant

reduced stroke recurrence in 14 days. In all, 449 patients
were included and no benefit in the prevention of recur-
rent stroke compared to aspirin was evident. In addition,
patients using anticoagulants had more symptomatic
brain hemorrhages. No difference in functional outcomes
or deaths was observed at 14 days or at 6 months."

In the TAIST trial, administration of a moderate-to-
-high dose of tinzaparin was compared to aspirin. In all,
1,484 patients from 100 centers located in Europe and
Canada were involved, all treated within 48 hours of symp-
toms onset. High-dose tinzaparin was associated with
lower occurrence of venous thromboembolic events. How-
ever, the rate of symptomatic intracranial hemorrhage
was significantly higher at the higher doses of the anti-
coagulant, more frequently when the treatment was
started within 24 hours of ischemic stroke. The Rankin
scale and Barthel index, measuring the degree of disabil-
ity acquired by the patient after stroke in their daily living
activities, revealed no differences at 3 or 6 months between
tinzaparin and aspirin. Given the absence of functional
improvement in outcomes and the greater risk of bleeding,
high doses of LMWH were not recommended as routine
treatment. Possible scaling of treatment was discussed,
with initial prescription of aspirin at the time of diagno-
sis followed by low-dose LMWH as prophylaxis for venous
thromboembolism after 1 or 2 days, when the risk of’
intracranial hemorrhaging has declined.'¢

The TOPAS trial randomized 404 subjects within 12
hours of an acute stroke onset to four different treatment
regimens with LMWH certoparin. After three months of
follow-up, no significant difference was observed in func-
tional outcome (Barthel index) or neurological recovery
(European Stroke Scale). Severe bleeding complications
were more frequently observed in the highest-dose group.’”

Nadroparin calcium was compared with aspirin in
the FISS-tris trial, which involved 603 Asian patients with
large-artery occlusive disease. The therapy was initiated
within 48 hours of onset of symptoms and patients were
followed up until six months after the ischemic stroke
and assessed by the Barthel index and Rankin scale. The
results showed no significant benefit of nadroparin over
aspirin in the patients assessed, and further investigation
of anticoagulation in large-artery atherosclerosis patients
was recommended.!®

The evidence of benefits from anticoagulation after
acute stroke due to large-artery arteriosclerosis is also con-
troversial. As previously outlined, in the TOAST trial a
significant response to danaparoid treatment was observed
at both 7 days and 3 months among individuals with isch-
emic stroke secondary to large-artery atherosclerosis.'
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However, for treatment to be effective, diagnosis of this
stroke subtype must be early and accurate, requiring ancil-
lary exams such as carotid and transcranial Doppler, an-
gioresonance and angiotomography.'* The FISS-tris trial
recommends further investigation of anticoagulants in
large-artery atherosclerosis, particularly intracranial.*®

Argatroban is a direct thrombin inhibitor that, unlike
heparin, can bind to thrombin in circulation or adhered to
the clot, and does not greatly prolong activated partial
thromboplastin time at various doses. In addition, it does
not induce the formation of antibodies or interact with
heparin-induced antibodies.?*** Consequently, the agent
causes less bleeding, does not induce or potentialize hepa-
rin-induced thrombocytopenia, and is well-tolerated.” Its
use has proved relatively safe in cases of ischemic stroke
and heparin-induced thrombocytopenia and is available
in Japan for the treatment of stroke due to large-artery
atherosclerosis.?® Argatroban is short-acting (half-life of
39-51 minutes) and can be monitored by tests such as pro-
thrombin time and activated partial thromboplastin time.?

Argatroban anticoagulation in patients with acute
ischemic stroke (ARGIS-1) was a randomized trial in an
effective population of 13,342 patients from North Amer-
ican centers with up to 12 hours since onset of ischemic
stroke symptoms and a National Institute of Health Stroke
Scale (NIHSS) of 5 to 22. Patients were divided into three
subgroups (high argatroban infusion; low argatroban
infusion and placebo) undergoing treatment for five days.
An initial intravenous bolus of argatroban (100 pg/kg)
was administered, followed by continuous infusion of
3 pg/kg/min (high dose) or 1 pg/kg/min (low dose). Pa-
tients received standard care for stroke, including aspirin
(81-325 mg) in the first 48 hours of symptom onset. With
regard to intracranial hemorrhage, no differences were
found among the groups; no major bleeding occurred,
minor systemic hemorrhage increased only at high arg-
atroban dose relative to placebo. Neurological scores did
not differ among the groups at hospital discharge or at
90 days. Thus, it was concluded that argatroban infusion
within 12 hours of symptoms at an average dose of 1.2 to
2.7 pg/kg/min for five days promoted relatively safe an-
ticoagulation in cases of ischemic stroke. Given that ar-
gatroban has proven safety, other studies further assess-
ing its efficacy should be performed."

Finally, the utility and safety of the use of NOAC
agents for acute cardio-embolic stroke within 7 to 14 days
after onset remain unclear according to the best of our
evidence. NOAC agents present a more rapid effect and
less hemorrhagic complications compared with warfarin,
and appear to provide effective anticoagulation for acute

cardio-embolic stroke.?” Future studies like the Triple
AXEL can better evaluate the efficacy of NOAC agents in
this scenario. The Triple AXEL trial uses rivaroxaban for
early anticoagulation of ischemic stroke.*

As we focus our attention on anticoagulation treat-
ment after acute ischemic stroke, several particular clini-
cal scenarios were kept out of this review such as cerebral
venous thrombosis, arterial dissection, thromboembolism
following acute stroke. These topics were not included in
our review.

ConcLusIoN
There are numerous controversies over anticoagulation
in the management of ischemic stroke. The ideal timing
for initiating anticoagulation remains undefined, requir-
ing further investigation. In general, early anticoagulation
for ischemic stroke is not recommended, with few excep-
tions, as might be the case with argatroban, a drug that
can bind to thrombin in circulation or adhered to clot and
does not prolong activated thromboplastin time at vari-
ous doses, and used for the treatment of strokes second-
ary to large artery atherosclerosis. Further studies are still
needed to confirm drug efficacy and possible side effects.
Other exceptions may be coagulopathies such as idiopath-
ic and familial thrombophilia and acute myocardial in-
farction with formation of mural thrombus, but the need
for weight pros and cons is still warranted. Furthermore,
the development of antidotes for these anticoagulants and
establishing a means of measuring their therapeutic ef-
fect can allow safer clinical practice.’33

Further large-scale trials correlating treatment with
factors potentially associated with greater risk of throm-
botic events (history of venous thromboembolism, throm-
bophilia or cancer) or hemorrhagic events (minor cerebral
hemorrhages and more in-depth analysis of neuroimaging)
are obviously needed, especially considering the escalating
incidence of cerebrovascular complications in an aging
population and its severe and several sequelae.’**

Therapeutic decisions could be more safely guided
by some important factors, such as the volume of acute
lesions, etiology, age, gender, and time of occurrence (i.e.,
how many hours after the ictus is the anticoagulation
safe). Future studies correlating this information with
anticoagulation in the acute phase could help improve
the safety of this practice.>**’

Resumo

Anticoagulac¢io no acidente vascular cerebral: uma revi-
sdo sistemdtica
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Introdugio: O acidente vascular cerebral (AVC) é uma
das doencas mais importantes no mundo. Varios cenarios
clinicos exigem dose completa de anticoagulantes para
tratar a etiologia primaria do AVC ou para o tratamento
de uma comorbidade. Contudo, existem iniimeras con-
trovérsias em relacio ao tratamento com anticoagulacio
no AVC, como tempo para o inicio, eficicia de acordo
com a etiologia do AVC, dose ideal de anticoagulante e
utiliza¢do de novos anticoagulantes.

Método: Busca computadorizada de ensaios clinicos con-
trolados e randomizados foi feita até a presente data nas
bases Medline, Scielo, Embase, PsychInfo e Cochrane Library,
usando termos MeSH e as palavras-chave acidente vascular
cerebral, acidente vascular cerebral isquémico, anticoagula-
¢do, anticoagulantes, heparina de baixo peso molecular,
heparina, varfarina, dabigatran, rivaroxaban, apixaban. O
modelo PRISMA foi utilizado para avaliar os ensaios clinicos.
Resultados: Catorze ensaios clinicos foram selecionados
de acordo com critérios de inclusido. Nao foram encon-
tradas evidéncias que apoiam o uso precoce de heparina,
heparinoides ou heparina de baixo peso molecular (HBPM)
precocemente ap6s o AVC. Nenhuma evidéncia consis-
tente para o uso de warfarina e anticoagulantes orais mais
recentes foi encontrada. Argatroban foi o tinico anticoa-
gulante com resultados positivos significativos para AVC
isquémico precoce nio embdlico.

Conclusdo: O momento ideal para iniciar a anticoagulacio
continua mal definido, exigindo uma investiga¢cio mais
aprofundada. Anticoagula¢io precoce para AVC isquémi-
co nio é recomendada, com excecio para o argatroban.

Palavras-chave: acidente vascular cerebral isquémico,
anticoagulacio, heparina, varfarina.
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