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Abstract

Thrombosis is caused by many diseases or complications, such as cerebrovascular disease, coronary heart
disease, pulmonary thromboembolism, deep vein thrombosis after surgery and trauma, thus effective antithrombotic
therapy has very important significance to the health of human beings. However, more and more clinical reports
showed hemorrhage issues induced by antithrombotic treatment, especially in the central nervous system.
Accordingly, in this paper, the relationship between common oral anticoagulants applied in clinic and the related
problems about intracerebral hemorrhage will be reviewed.
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Introduction
With the improvement of living standards, the number of middle-

aged and elderly who take antithrombotic drugs used for treatment
and prevention of cardiovascular disease significantly is increased,
many developed and developing countries face the same problems that
hemorrhage issues induced by antithrombotic treatment, especially in
the central nervous system [1]. Epidemiology is similar, thus our
results may be important for compartmental studies aiming at solving
these problems all over the world.

Oral Anticoagulants Related Cerebral Hemorrhage

Vitamin K antagonists (VKA) related cerebral hemorrhage
Warfarin is the most commonly used oral anticoagulant drugs for

prevention and treatment of thrombosis diseases in clinic, which
prevents the formation of thrombin by vitamin K clotting factors (II,
VII, IX, X) and protease C and S without influencing on the activation
of coagulation factor. It applies to ACS, atrial fibrillation, mechanical
heart valve replacement and VTE patients [1].

Previous studies showed VKA increases the risk of intracranial
hemorrhage (ICH) 1-6 fold, which induced the overwhelming majority
(90%) of VKA related death [2-4]. With the increasing of INR, the risk
of ICH will be increased even if INR is in the recommended range
when VKA related ICH occurs in clinic mostly. Emergently reversing
the anticoagulant effect of VKA may improve the prognosis of ICH,
reduce fatality rate and limit expansion of bleeding in patients. It seems
to be reasonable that reversed therapy can be applied in patients with
expanding hematoma after onset of 72 h because the bleeding volume
is recognized as a determinant of patients with bad prognosis [5,6].

Figure 1: The CT of one 81 years old women patient with atrial
fibrillation taking warfarin for 30 years after falling down. (A) CT of
3 hours after falling down; (B) Postoperative CT of 3 days; (C)
Postoperative CT change of two week; (→) Postoperative CT change
of chronic subdural hematoma 4 years ago.

A variety of effective treatments can be used to reverse the effect of
VKA, including vitamin K, fresh frozen plasma (FFP), concentrated
clotting factors, and the activity of blood coagulation factor. However,
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onset time of these treatments, persistence of reverse and side effects
are very different, which needs to consider synthetically. And it makes
physician feel concerned when they prescribe oral anticoagulants for
atrial fibrillation because traumatic intracranial hemorrhage often
happens to old people taking warfarin when they fall down (Figure 1).
A recent study released the incidence rate of traumatic intracranial
hemorrhage in old people with AF using warfarin is higher than the
previous reports about clinical trials [7]. As shown in Figure 2, a female
patient with thrombocytopenic purpura suffered cerebral contusion
and laceration, who accepted platelet transfusion treatment. Treatment
effect is significantly.

Figure 2: The CT of one 61 years female patient with
thrombocytopenic purpura suffered cerebral contusion and
laceration. (A) CT of 10 hours after injuries caused by traffic
accident; (B) CT of 24 hours after injuries caused by traffic accident
showed an increased amount of hematoma; (C) CT of 72 hours
after injuries and 48 hours after infusing platelets treatment; (D) CT
of 10 days after infusing platelets treatment; (E) CT of 17 days after
infusing platelets treatment; (F) CT of 24 days after infusing
platelets treatment.

Antiplatelet agents related cerebral hemorrhage
Aspirin is the most widely used antiplatelet agents in clinic

currently, which inhibits epoxidase to play a role of anticoagulation
effects. A large number of studies have shown that aspirin plays an
important role in prevention and treatment of cardiovascular disease,
and recommend as a first-line drug in many national guidelines [8,9].
In spite of this, according to the study published in Japan, aspirin does
not achieve the curative effect of primary prevention of stroke for
Japanese old people (whether receive aspirin treatment or not) with
stroke risk factors (more than 70 Y, smoking and diabetes) [10].

The absolute risk of ICH induced by antiplatelet drugs is quite low.
For example, compared with placebo, the absolute risk of aspirin
(ASA) treatment increased only 0.12% every year [11]. The test about
risk of ischemic events in patients with clopidogrel and aspirin showed
that clopidogrel and ASA treatment have no significant difference
(0.33% vs. 0.47%) in the incidence of intracerebral haemorrhage [12].
At present, more and more newer and potent antiplatelet drugs are
used to treat patients with acute coronary syndrome with aspirin. ICH
risks are basically the same even though the bleeding risk of thiophene

and pyridine drugs-prasugrel is higher than clopidogrel. Compared to
clopidogrel, increasing ICH risk of ticagrelor, which is a kind of non-
thiophene and pyridine drug combining with platelet P2Y12 receptor
reversibly, is not obvious [13]. And another non-thiophene and
pyridine-cangrelor also does not show higher ICH risk than
clopidogrel. In addition, the dual antiplatelet therapy may have the
similar bleeding risk to oral anticoagulants [14,15]. However, the
research results show that infusing platelets is not better than the
standard treatment in patients with spontaneous intracranial
hemorrhage according to the results in clinical practice [16].

Parenteral Anticoagulants Related Cerebral
Hemorrhage

Common heparin, low molecular heparin and heparinoid
related cerebral hemorrhage

Heparin plays a role of inhibition in every aspect of coagulation in
vitro and in vivo quickly, and becomes the first choice of the
antithrombotic because of preventing the formation of acute
thrombosis, which can also be used for early treatment of disseminated
intravascular coagulation and anticoagulation during hemodialysis
extracorporeal circulation, but has no effect on formed thrombosis.

The similar incidence of heparin, low molecular heparin and
heparinoid related cerebral hemorrhage depends on the treatment of
disease, route of administration, the dosage of anticoagulant, and
complications in patients. Compared with aspirin or placebo,
therapeutic doses of common heparin, low molecular heparin and
heparinoid can increase the ICH risk 1 fold in those patients with
ischemic stroke within two weeks [1]. In the international stroke trials,
those patients who receive ordinary heparin 5000 U or 12500 U twice a
day have ICH rate 0.7% and 1.8% respectively, the control group is
0.3% [17]. Common heparin and low molecular heparin treatment in
patients with acute myocardial infarction (AMI) increase ICH risk
with no significant difference. According to the low molecular heparin
test in patients with acute myocardial infarction, ICH risk of treatment
and placebo group are 0.3% and 0.1% respectively. In addition, it is
indicated that ICH risk will rise with the increasing of drug dosage, age
and degree of kidney damage. And a meta-analysis research found that
when the low molecular heparin was used in patients with glomerular
filtration rate <60 mL/minalthough the dose has been adjusted, the
relative risk of bleeding is still as high as 1.67 [18].

Thrombolytic agents related cerebral hemorrhage
Thrombolytic drug is a kind of drug which can activate plasmin to

promote fibrin degradation and dissolve the formed thrombus. In
current, thrombolytic drugs have been developed to the fourth
generation, mainly used for cerebral infarction, pulmonary infarction,
acute myocardial infarction and deep vein thrombosis.

There is also ICH risk in patients with AMI and AIS when using
recombinant tissue plasminogen activators (rtPA). The incidence of
ICH are 0.68% and 3% to 9% respectively in the above two kinds of
patients, the latter is higher [19,20]. It is reasonable to use thrombolysis
reversal agent within the first 24 hours because of its long terminal
half-life. Cold precipitation (fibrinogen, blood clotting factor VIII,
fibronectin and coagulation factor XIII and von willebrand factor) and
fresh frozen plasma are main reversal treatments, although only a few
data can support this approach at present. The treatment of platelet
transfusion was suggested by American heart association because
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thrombolytic drugs could inhibit platelet function temporarily by
plasmin and glycoprotein Ib/IIIa pathway [21]. Leukoaraiosis is more
common in patients with acute ischemic stroke. Many results show
that incidence of intracerebral haemorrhage increases twice in patients
with leukoaraiosis receiving thrombolytic therapy. However, the
decisions that patients with acute ischemic stroke receive thrombolysis
treatment may not be changed. These require further investigation
[22].

Discussion
Ischemic cerebrovascular disease is more common in vascular

encephalopathy, and cerebral infarction accounted for 59.2% to 85%.
Commonly used drugs for the treatment of ischemic encephalopathy
are as follows: warfarin, antiplatelet agents (aspirin and clopidogrel),
common heparin, low molecular heparin and heparinoid, and
thrombolytic agents (rtPA and UK). Previous results showed that
incidence of intracerebral haemorrhage increases in patients with
ischemic cerebrovascular disease treated by these agents [11]. There
were still no unified standard treatments for antithrombotic drugs
related intracranial hemorrhage in previous studies. We sum up some
experience and methods from previous studies as follows: firstly, stop
using the antithrombotic drugs and close monitoring of blood
coagulation function; second, give corresponding treatment according
to the types of antithrombotic drugs and blood coagulation function in
patients and correct blood coagulation function as soon as possible;
thirdly, use hemostatic drugs appropriately in all of patients; fourthly,
Take a conservative treatment or surgery according to amount of
bleeding calculated by MRI or CT, consciousness and cerebral hernia.
In the future, understanding and solving these issues clearly need a lot
of work, such as looking for predictors, more prospective and
retrospective studies and tests of the prevention/treatment strategies.

Conclusion
Coagulation dysfunction is common in the neurological intensive

care unit, and it is also a huge challenge to clinicians, while ICH is
major neurological complications of patients with coagulation
dysfunction. In all patients with intracranial hemorrhage,
antithrombotic drugs related intracranial hemorrhage accounts for
about 12% to 20%, and compared with other types of cerebral
hemorrhage, antithrombotic drugs related intracranial hemorrhage has
worse prognosis and higher mortality. In recent ten years, the usage of
antithrombotic drugs has been increased significantly, and this trend is
likely to continue in the coming decades.
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