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The appropriate use of anticoagulants continues to be one of 
the most contentious and controversial issues in both Neurology 
and Medicine. The advent of modern diagnostic technology now 
enables accurate diagnosis of the cause of most strokes, yet 
the therapeutics of only a few defined causes have been well 
studied. The introduction of fractionated low molecular weight 
heparin and heparinoids has further complicated the issue for 
clinicians. On the horizon are direct thrombin inhibitors that 
will undoubtedly replace heparins and warfarin compounds in 
the future. These direct thrombin inhibitors (e.g., ximelagatran, 
argabatran, dibigatran) are likely to be much easier to control 
and are equally or more effective and safer than warfarin. 
Although these newer compounds have theoretical and practical 
advantages, most clinicians have had little experience with them 
and data are insufficient to guide the choice between differ-
ent pharmaceutical products. Clinicians continue to ask which 
product should be given to which patients, by what route, with 
or without an initial bolus, at what dose, how they should be 
monitored, when treatment should be started, and for how long 
it should be given. Unfortunately, the data from randomized trials 
are too scarce to settle any of these queries.

Clots and the theoretical utility of anticoagulants 
Thrombi can be divided into red erythrocyte-fibrin clots and 
white platelet-fibrin clots. Red clots are treated with thrombolytic 
drugs and heparins, warfarin, and direct thrombin inhibitors. In 
contrast, white clot formation is prevented by so-called anti-
platelet agents (aspirin, clopidogrel, dipyridamole, cilostazole 
and others) [1]. 

Red thrombi are composed mostly of red blood cells and 
fibrin, They tend to form in areas of slowed blood flow. Their 
formation does not require an abnormal vessel wall or tissue 
thromboplastin. Red clots are formed by activation of circulating 
coagulation factors. The final step in the coagulation cascade 
is conversion of the soluble protein fibrinogen into insoluble 
polymers called fibrin. Fibrin strands form a network of fibers 
that entangle the formed blood elements (platelets, erythrocytes, 
leukocytes) into a clot. Fibrin is quite adhesive and is capable 
of contracting. The fibrinogen-fibrin reaction occurs when fac-
tor II, prothrombin, is converted to thrombin. The amounts of 

circulating fibrinogen and prothrombin are important in these 
reactions.

Prothrombin is activated in two different ways. In the so-
called extrinsic system of coagulation, a tissue or endothelial 
injury releases thromboplastic substances – tissue factors, which 
in turn induce both platelet activation and activation of blood 
serine protease coagulation factors, especially factors V, VII, and 
X. Activation of factor X catalyzes the reaction of prothrombin to 
thrombin. Activation of platelets causes them to agglutinate, to 
adhere to the injured vessel wall, and to release various intra-
cellular substances, which in turn also activate the coagulation 
system.

The complementary intrinsic coagulation system refers to 
blood coagulation factors that circulate in inactive forms (factors 
V, VIII [antihemophilic globulin], IX, X, XI, XII) and are intrinsic 
to the blood. Activation of factor XII from an inert precursor 
form to an activated form triggers a series of reactions, the co-
agulation cascade, in which the various blood-clotting factors are 
sequentially converted to their active enzymatic forms. Ultimately, 
these reactions lead to activation of factor X, which catalyzes 
the prothrombin-thrombin reaction. Red thrombi are most apt 
to develop when flow is reduced. Dilated cardiac atria, especially 
those with inefficient contractility as found with atrial fibrilla-
tion, regions of hypokinesia of the cardiac ventricles and frank 
ventricular aneurysms commonly harbor red clots. Red thrombi 
are also often formed in heart chambers when ejection fractions 
are low. Red thrombi tend to form on the surface of myocardial 
infarcts. Thrombi formed in the leg and pelvic veins that pass 
through defects in the cardiac atrial and ventricular septa or pass 
through arteriovenous fistulae in the lungs are nearly always red 
thrombi. Both red and white thrombi often form along damaged 
heart valves, especially those made of prosthetic materials.

White clots are composed of platelets and fibrin and do not 
contain red blood cells. White clots form almost exclusively 
in areas in which the endothelial surface is abnormal, charac-
teristically in fast-moving bloodstreams. Irregular valvular and 
endothelial surfaces predispose to platelet-fibrin thrombi forming 
in areas of irregularities. A thrombus often begins as a white 
platelet fibrin clot and then a red thrombus is laid down as a 
cap over the initial platelet mass. 
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Anticoagulants
Heparins, low molecular weight heparins, and heparinoids act as 
anticogulants by binding to plasma antithrombin III. This interac-
tion induces a conformational change in antithrombin III that 
increases its ability to inactivate coagulation enzymes including 
thrombin and activated factor X (factor Xa). Heparins reduce the 
formation of red clots in regions of vascular stasis, especially 
within the heart, in severely stenosed arteries sometimes en-
grafted on white thrombi, in acute arterial occlusions as fresh 
tails on existing thrombi, and within extremity, pelvic and dural 
sinus veins. 

Warfarin is a water-soluble coumaric acid derivative that is 
absorbed by the small intestine and transported in the blood, 
loosely bound to albumin. Warfarin inhibits the action of vitamin 
K, which is necessary for the synthesis of factors II (prothrombin), 
VII, IX and X. Depression of these procoagulant factors affects 
both the intrinsic cascade and the extrinsic coagulation pathway. 
Warfarin works quite differently from heparin. Heparin is usually 
given before beginning warfarin anticoagulation since initiation 
of therapy with warfarin alone can be associated with an initial 
period of hypercoagulability, especially in patients with low levels 
of protein C or protein S. Warfarin anticoagulation is difficult to 
control because of individual variance in dose and the effect of 
a variety of foods and other pharmaceutical agents on vitamin 
K, prothrombin and liver functions. Even during randomized tri-
als optimal control of anticoagulation using warfarin has been 
difficult. In the community, control is even worse and many 
patients have prolonged periods of inadequate or too intense 
anticoagulation. 

Direct inhibitors of thrombin offer many potential advantages. 
Argabatran is an intravenous agent often used in Asia instead 
of heparin [2,3]. Ximelagatran is an oral agent that has been 
used in trials and is approved in Europe but not in the United 
States. It acts quickly so that heparins are not needed. The dose 
is constant and does not require monitoring by either activated 
partial thromboplastin time or INR determinations. Foods or 
other drugs do not have any effect. Ximelagatran is given twice 
a day; it can cause an elevation of liver enzymes and may poten-
tially cause liver damage in a minority of patients. Other orally 
administered direct thrombin inhibitors such as dibigitran are 
now undergoing trials. In the future, direct thrombin inhibitors 
will likely replace heparins and warfarin for rapid, safe and effec-
tive anticoagulation.

Indications for anticoagulation
At present, I believe there are six important potential indications 
for anticoagulation: a) hypercoagulable states, b) some causes 
of cardiogenic embolism, c) large protruding and mobile aortic 
atheromas, d) severe stenosis or occlusion of large cervico-cranial 
arteries, e) arterial dissection, and f) dural and cerebral venous 
thrombosis.

Cardiogenic embolism [4]
Table 1 lists the various cardiac sources that are indications for 
anticoagulation. In many, the relative value of anticoagulants 

versus other treatments such as platelet inhibitors has not been 
well studied. The most common and best studied cardiac source 
is atrial fibrillation; it also serves as a model for the management 
of anticoagulants in patients with cardiogenic brain embolism. 
Many randomized trials have shown that anticoagulation de-
creases the frequency of recurrent brain infarction in patients 
with atrial fibrillation [5]. A direct thrombin inhibitor, ximela-
gatran, was shown by the large SPORTIF trials to be safer and 
at least as effective as warfarin [6-8]. Although clinicians often 
eclectically choose to anticoagulate atrial fibrillation patients who 
have not had a stroke, nearly all agree that anticoagulants are 
indicated in atrial fibrillation patients who have had a cardiac-
origin embolic brain infarct. Controversy still exists regarding 
how soon to anticoagulate. Early anticoagulation of patients 
with atrial fibrillation-related strokes can be safe and effective 
[9,10]. In an observational, non-randomized, non-controlled study, 
Chamorro et al. [11] treated all atrial fibrillation patients who 
had presumed cardioembolic strokes with either intravenous or 
subcutaneously administered unfractionated heparin as soon as 
a computed tomography scan had excluded brain hemorrhage. In 
74 patients heparin was given within 6 hours, but between 6 and 
48 hours after symptom onset in 157 other patients. Comparing 
the early-treated and late-treated groups, those treated within 6 
hours exhibited more functional recovery at hospital discharge. 
Treatment with intravenous heparin led to therapeutic and exces-
sive levels of anticoagulation more often than did subcutaneously 
administered heparin. The rate of serious brain hemorrhage was 
low. Patients with recurrent strokes had lower mean APTT ratios 
than those without recurrence, and patients with hemorrhage 
had higher mean APTT ratios than those without hemorrhage 
especially when APTT ratios were compared on the day of hemor-
rhage. Clinicians could conclude that in patients with atrial fibril-
lation who have cardioembolic strokes: a) early heparin treatment 
is relatively safe, b) those who are treated early seem to do 

APTT = activated partial thromboplastin time

Table 1. Cardiac sources of emboli

Anticoagulants indicated Atrial fibrillation

Thrombus found in the heart on echocardiography

Ventricular aneurysm

Hypokinetic ventricle

Acute myocardial infarction

Very low ejection fraction

Mitral stenosis with large left atrium

Spontaneous echo contrast and large left atrium

Prosthetic mechanical valves

Antibiotics indicated Bacterial endocarditis

Antiplatelets indicated Fibrotic valve disease in antiphospholipid antibody syndrome

Non-thrombotic (marantic) endocarditis

Fibrous strands

Anticoagulants sometimes 
used

Mitral valve prolapse (with thrombi)

Mitral annulus calcification (with thrombi)

Patent foramen ovale especially with atrial septal aneurysm

Calcific aortic stenosis
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better than those treated later, and c) therapeutic and excessive 
APTT ratios are more often achieved with intravenous than with 
subcutaneously administered heparin.

How should clinicians decide on treatment for individual pa-
tients with cardiogenic brain embolism? It is worth looking at the 
reviews published in 1986 and 1989 by the Cerebral Embolism 
Task Force [12,13]. They analyzed published reports to determine 
the frequency and timing of stroke recurrence in patients with 
brain embolism due to a variety of different cardiac lesions and 
also analyzed the frequency of hemorrhagic complications of 
heparin treatment. The task force concluded that stroke recur-
rence during the first 2 weeks after cardiac-origin brain embolism 
was generally low, especially in patients with non-rheumatic 
atrial fibrillation, and hemorrhagic complications were relatively 
common and related to the size of infarction, intensity of anti-
coagulation, and the presence of hemorrhagic changes on CT 
scans [12]. On the basis of these findings they advised delaying 
CT scanning and anticoagulation, but recommended treatment for 
individual patients by applying aggregate data from large groups 
of patients to all individuals.

Other investigators also studied the timing of anticoagulation 
in patients with cardiogenic embolism. The Cerebral Embolism 
Study Group conducted a randomized trial of immediate vs. 
delayed anticoagulation in patients with cardiogenic brain 
embolism and reviewed 30 cases of hemorrhagic infarction or 
parenchymatous hematomas developing in patients with cardio-
genic embolism [14]. Their findings led them to conclude that 
brain hemorrhage in embolic stroke was most common in large 
infarcts and that early CT might not estimate infarct size [14]. In 
contrast, Furlan and team [15], who studied 54 consecutive pa-
tients with acute non-septic embolic brain infarcts, demonstrated 
that hemorrhagic complications were quite rare even in patients 
with large infarcts and that recurrent strokes were related to 
inadequate intensity of anticoagulation. They recommended early 
anticoagulation for all patients with non-septic cardioembolic 
brain infarcts [15]. Pessin and I and colleagues [16] showed that 
patients with hemorrhagic infarction on CT scan seemed to have 
no adverse effects when heparin was continued despite the CT 
findings. Internists have always anticoagulated patients with 
pulmonary embolism despite the presence of hemoptysis and 
hemorrhagic pulmonary infarcts. Chamorro et al. [10] performed 
a retrospective analysis of the safety of heparin anticoagulation 
among 83 patients with presumed embolic brain infarcts treated 
within 72 hours, and found that severity of stroke and infarct size 
did not predict hemorrhagic changes or clinical worsening.

I urge an eclectic approach to the treatment of individual pa-
tients. I urge weighing the benefits versus the risks of any given 
treatment in the individual patient. With regard to the timing of 
anticoagulation in patients with cardiac-origin embolism, the risk 
of early recurrence if the patient is not anticoagulated should 
be weighed against the risk of early anticoagulation. The prob-
ability of early recurrence in atrial fibrillation patients depends 
on the number of prior embolic events, atrial size, the presence 
of valve abnormalities, the presence of atrial or auricular ap-
pendage thrombi, the presence of ventricular lesions, as well as 

ventricular function, ejection fraction, and blood and coagulation 
factors. The risk of hemorrhage with heparin probably depends on 
the patient’s blood pressure, coagulation factors, use of a bolus 
starting dose, and the route and intensity of anticoagulation. The 
data are conflicting with regard to the relevance of the size of 
infarction, the severity of the neurologic deficit, and the presence 
of hemorrhagic infarction on CT scans. Echocardiography can be 
helpful when considering the risk of early recurrence.

Anticoagulants are not routinely used as prophylaxis in 
patients with mitral valve prolapse, mitral annulus calcification, 
calcific aortic stenosis, and those with fibrotic valve lesions 
(Libman-Sacks endocarditis in patients with lupus erythematosis 
and the antiphospholipid antibody syndrome and non-thrombotic 
marantic endocarditis), cardiac myxomas, and bacterial endo-
carditis. Anticoagulants are continued in patients with bacterial 
endocarditis if there was a pre-existing indication such as atrial 
fibrillation or prosthetic heart valves. Some patients with mitral 
valve prolapse and mitral annulus calcification have thrombi at-
tached to their mitral valves and anticoagulants are then used.

The data regarding optimal prophylaxis in patients with atrial 
septal defects or patent foramen ovale are not conclusive and 
treatment should also depend on the individual circumstances. 
Results from three echocardiographic studies indicate a strong 
association between atrial septal aneurysms and inter-atrial 
shunts, and that the presence of either atrial septal aneurysms 
and/or PFOs is strongly associated with the presence of crypto-
genic stroke especially among young stroke patients [17-19]. The 
mechanism by which atrial septal aneurysms contribute to brain 
embolism has not been satisfactorily clarified, but these lesions 
can harbor thrombi. Thrombus was seen within an atrial septal 
aneurysm in one patient [20], and has been found within the 
base of atrial septal aneurysms at autopsy [21].

The recurrence rate of stroke in patients with PFOs and 
the effect of various treatments on recurrence have also been 
studied [22-26]. Bogousslavsky et al. [22] studied stroke recur-
rence among 140 consecutive patients who had PFOs and brain 
ischemic events. One-fourth of the patients also had atrial septal 
aneurysms. During a mean follow-up of 3 years, the stroke or 
death rate was 2.4% per year; 8 patients had a recurrent brain 
infarct, 92 (66%) took 250 mg aspirin per day, while 37(26%) were 
given anticoagulants and 11 (8%) had surgical closure of the 

PFO = patent foramen ovale

The choice of anticoagulant and antiplatelet 
treatments must be individualized, depending 

on the location, nature and severity of 
causative cardiac, cerebrovascular 

 and hematologic lesions
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PFO within 12 weeks of the stroke after anticoagulant treatment. 
There was no significant difference in the effect of any of the 
treatments on recurrence. The relatively low rate of recurrence 
contrasted with the severity of the initial stroke, which left dis-
abling effects in half the patients [22]. In a French multicenter 
study, 132 patients with PFOs and/or atrial septal aneurysms and 
cryptogenic stroke were followed for an average of 22.6 months 
[23]. The recurrence rate was approximately 2–3% at 2 years and 
was higher in patients with both PFOs and atrial septal aneu-
rysms. Recurrences occurred in four patients who were taking 
antiplatelet agents and in one treated with anticoagulants [23]. 
Bridges and co-workers [27] reported the results of transcatheter 
closure of PFOs among 36 patients with PFOs of whom half 
had multiple ischemic events. The closure was complete in 28 
patients (78%) and nearly complete in another 5. No patient 
had a recurrent stroke during 8.4 months of follow-up, but four 
patients had transient ischemic events [24]. 

The Patent Foramen Ovale in Cryptogenic Stroke Study (PICSS) 
[25] was a substudy of the Warfarin Aspirin recurrent Stroke 
Study (WARSS) [26]. All patients in WARSS who had undergone 
transesophageal echocardiography were eligible. In PICSS, 312 
stroke patients were treated with warfarin and 318 received 
aspirin. Large PFOs were much more common in patients with 
cryptogenic strokes. Among the cryptogenic stroke patients, 
warfarin treatment was slightly but not significantly better than 
aspirin with regard to the annual rate of stroke or death (4.75% 
vs. 8.95%, relative risk 0.53, confidence interval 0.18–1.58) because 
the numbers were small and the confidence intervals wide [25]. 

The available data regarding treatment of PFO-related strokes 
are inconclusive. The presence of both a PFO and an atrial 
septal aneurysm substantially increases the risk of stroke recur-
rence. A large defect, spontaneous right-to-left shunting, and 
a large number of bubbles shunted may indicate a higher risk 
of paradoxical embolism. Warfarin and surgical or transcatheter 
closure are posited to be more effective than drugs that affect 
platelet functions, but studies have not definitively shown their 
superiority.

Dural sinus and cerebral venous thrombosis 
Case reports and reviews have shown that patients do not worsen 
or develop new hemorrhages after heparin anticoagulation. 
Among 82 heparin-treated patients, there were no deaths and 
77% of patients recovered completely [27]. Among 79 patients 
given anticoagulants, 94% improved and survived while only 

half of 157 patients not given anticoagulants survived [28]. A 
meta-analysis of two trials showed an absolute risk reduction in 
mortality of 14% and a relative risk reduction of 70% in hepa-
rin-treated patients [29,30]. Among 102 patients with CVTs (43 
with intracerebral hemorrhages), those not treated with heparin 
fared worse and had a higher mortality [30]. In a double-blind, 
placebo-controlled multicenter trial, CVT patients treated with low 
molecular weight heparin had better outcomes than those given 
placebo [31]. No new symptomatic brain hemorrhages occurred. 
Prevention of pulmonary embolism is another reason to admin-
ister anticoagulants to patients with dural sinus thrombosis [32]. 
Most clinicians now agree that heparin and anticoagulants are 
indicated in patients with CVT. The duration of anticoagulation 
has not been well studied.

Acute arterial occlusions and arterial dissections
The use of anticoagulants in the treatment of stroke patients with 
non-cardioembolic strokes continues to be controversial. Many 
neurologists use heparin during the acute phase of stroke and 
continue with warfarin; others do not use heparin and believe 
strongly that it should not be used and they seldom use war-
farin. Heparin should not be given indiscriminately to all brain 
ischemia patients. Bleeding complications will outweigh thera-
peutic benefit. Heparins should theoretically be useful in patients 
with fresh red erythrocyte-fibrin thrombi within large arteries to 
prevent intraarterial embolism. Unfortunately, randomized trials 
have not adequately studied heparins in patients with conditions 
likely to respond to treatment. Reported trials lumped patients 
with brain ischemia together without diagnostic investigations 
defining etiology, stroke subtypes, or vascular lesions.

Worsening and new neurologic deficits can develop when 
thrombi form, propagate and embolize. Stroke worsening, even 
when thrombi are present, occurs in about 20–33% of ischemic 
strokes [33]. Worsening in patients with atherothrombotic large 
artery occlusive disease is due to perfusion failure and propaga-
tion and embolization of occlusive thrombi. Randomized trials 
in patients with non-cardioembolic brain ischemia to effectively 
determine heparin utility must be: a) eclectic and include only 
patients in whom brain and cardiac and vascular imaging show 
high risk artery-to-artery embolic brain infarcts and patients with 
documented severe extracranial or intracranial large artery occlu-
sive disease; b) powered to account for clinical worsening and/or 
new brain infarcts in at least one-third of patients; and c) closely 
monitored to ensure infrequent bleeding. No available trials even 
remotely meet these criteria. In the International Stroke Trial 
(IST), the largest heparin trial, vascular and cardiac imaging were 
not reported, some patients had no brain imaging before treat-
ment, heparin was given subcutaneously while elsewhere heparins 
are usually given intravenously, and levels of anticoagulation 
were not always closely monitored. Heparin effectively prevented 
pulmonary embolism [34]. 

In the TOAST trial, the low molecular weight heparinoid ORG 
10172 was given within 24 hours of the onset of symptoms of 

CVT = cerebral venous thrombosis

Anticagulants (heparins, warfarin, direct 
thrombin inhibitors) are used in patients who 
have red erthrocyte-fibrin clots or lesions 
that predispose to red clot formation
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an acute ischemic stroke [35]. This heparinoid was then given 
by continuous intravenous infusion for 7 days with the dose 
adjusted after 24 hours to maintain the anti-Xa factor activity 
at 0.6–0.8 anti-factor Xa units/ml. ORG 10172 (danaparoid) is a 
mixture of glycosaminoglycans with a mean molecular weight of 
5500 isolated from porcine intestinal mucosa. The anti-factor Xa 
activity of danaparoid is attributed to its heparin sulfate com-
ponent, which has a high affinity for antithrombin III. Although 
danaparoid treatment was not effective in terms of the entire 
group of patients with ischemic stroke, effectiveness was shown 
in the group of patients diagnosed as having large artery ath-
erosclerosis [36]. In this group, heparinoid reduced the number 
of recurrences of stroke during the 7 days of infusion, and the 
rates of favorable and very favorable outcomes were significantly 
higher in patients given heparinoid when compared with placebo. 
Danaparoid led to a favorable outcome in 68% of patients with 
large artery atherosclerosis as compared to 54.7% treated with 
placebo (P = 0.04); 43% of patients with large artery athero-
sclerosis treated with danaparoid had very favorable outcomes 
vs. 29.1% treated with placebo (P = 0.02). Recurrent strokes 
developed in 6% of danaparoid-treated patients with large artery 
atherosclerosis vs. 11% of those treated with placebo. Because of 
the small numbers the figures for recurrent strokes did not reach 
statistical significance [36].

In the WARRS trial, coumadin and aspirin were equally effec-
tive in preventing new strokes [26]. The drugs were given within a 
month of stroke onset, not always acutely, and secondary preven-
tion of new strokes was studied. The number of patients with 
documented large artery disease was small and vascular studies 
were not required or reported. Some patients received heparin 
acutely and then aspirin. Some patients did not receive heparin 
but were given coumadin within a month. The data do not relate 
well to the use of heparin/warfarin during the acute stroke. 

In the WASID trial of patients with severe intracranial ath-
erosclerosis, there was no difference in the prevention of new 
strokes between aspirin and warfarin [37]. Again, the study drugs 
were initiated often weeks after the last ischemic event. Warfarin 
was difficult to control. In those patients who were maintained 
within the target therapeutic INR range, warfarin performed better 
than 1300 mg/day aspirin. More infarcts developed in patients 

below the target range and more hemorrhages in those above 
the target INR range [37,38].

I administer heparin to patients with acute arterial dissections 
Unfortunately, trials have not yielded data on the effectiveness 
of heparin or any other treatment in patients with arterial dis-
sections. Therapeutics in patients with dissection has not been 
studied in trials. Although transient ocular and brain ischemia 
may develop when a dissection causes a complete or near 
complete arterial occlusion, the great majority of strokes are 
caused by embolization of thrombi formed in the region of the 
dissection. Thrombus is often present within the lumen, either 
as a result of communication of the intramural hematoma with 
the lumen, or because of stasis of blood flow caused by luminal 
compromise. Perturbation of the endothelium leads to the release 
of tissue factors that promote thrombosis. The luminal clot is 
usually loosely adherent to the intima and can readily embolize 
distally. In the weeks and months after dissection, the intramural 
blood is absorbed and the narrowed lumen usually returns to 
its normal size; if the artery becomes completely occluded, it 
remains occluded in about 75% of patients. Anecdotally, many 
neurologists use heparin and follow with warfarin in this situation 
and believe it to be effective, although initially there was much 
concern that it could enlarge the intramural clot. The duration of 
anticoagulation has not been studied.
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Long (25 mm) needles are best for immunizing chil-
dren aged 2, 3, and 4 months, say Diggle and Deeks. 
They randomized almost 700 healthy infants who had 
been vaccinated with a combined diphtheria, pertussis, 
tetanus, and Haemophilus influenzae type b vaccine and a 
meningococcal C vaccine at ages 2, 3, and 4 months to 
a long wide needle (25 mm, 23 gauge), a short narrow 

needle (16 mm, 25 gauge), or a long narrow needle (25 
mm, 25 gauge). Long needles significantly decreased 
local reactions after each dose, and immunogenicity was 
comparable between long and short needles, independent 
of the width.
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