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Abstract This article summarises the current evidence on
the risk of venous thromboembolism (VTE) with the use of
antipsychotics. An increasing number of observational
studies indicate an elevated risk of VTE in antipsychotic
drug users. Although the use of certain antipsychotics has
been associated with VTE, current data can neither con-
clusively verify differences in occurrence rates of VTE
between first- and second-generation antipsychotics or
between individual compounds, nor identify which
antipsychotic drugs have the lowest risk of VTE. The
biological mechanisms involved in the pathogenesis of this
adverse drug reaction are still to be clarified but hypotheses
such as drug-induced sedation, obesity, increased levels of
antiphospholipid antibodies, enhanced platelet aggregation,
hyperhomocysteinaemia and hyperprolactinaemia have
been suggested. Risk factors associated with the underlying
psychiatric disorder may at least partly explain the
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increased risk. Physicians should be aware of this poten-
tially serious and even sometimes fatal adverse drug
reaction and should consider discontinuing or switching the
antipsychotic treatment in patients experiencing a VTE.
Even though supporting evidence is limited, prophylactic
antithrombotic treatment should be considered in risk sit-
uations for VTE.

Key Points

Increasing evidence shows an elevated risk of
venous thromboembolism (VTE) in antipsychotic
drug users.

In general, no well-documented differences in the
occurrence rate of VTE between first- and second-
generation antipsychotics or between individual
antipsychotic drugs have been shown.

The biological mechanisms involved in the
pathogenesis of antipsychotic-induced VTE are still
largely unknown.

Physicians should be aware of this potentially
serious adverse drug reaction and consider
discontinuing or switching the antipsychotic
treatment in patients experiencing VTE.

The threshold for considering prophylactic
antithrombotic treatment should be low when risk
situations for VTE arise in users of antipsychotics.
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1 Introduction

Venous thromboembolism (VTE) is a multicausal disease
encompassing both deep vein thrombosis (DVT) and pul-
monary embolism (PE) [1, 2]. VTE affects approximately
1.0-1.8 per 1000 adults annually, may lead to complica-
tions such as post-thrombotic syndrome (PTS) and chronic
thromboembolic pulmonary hypertension (CTPH), and can
produce a considerable burden of morbidity and mortality
[1, 2]. The presence of one, or a combination of, compo-
nents of Virchow’s triad—hypercoagulability, stasis of
blood flow and vein wall injury—are fundamental to
developing VTE and all known risk factors for VTE are
considered to affect at least one of these components [1-3].
Established risk factors are listed in Table 1 and include
inherited coagulation abnormalities, malignancies, surgery,
pregnancy, and medications such as oral contraceptives and
hormone replacement therapy [1-4]. VTE has also been
associated with psychiatric disorders and antipsychotic
treatment [1-4].

In early, uncontrolled, observational studies [5—-10], a
relatively high incidence of PE among patients with
schizophrenia and related disorders was reported but the

association was not widely acknowledged. However, in the
late 1990s, the association again received attention when
an increased mortality rate in PE was reported in current
users of clozapine compared with past users in a record
linkage study on mortality in clozapine users [11, 12]. A
few years later, this potential safety concern was
strengthened by the publication of a case series of VTE in
clozapine users [12], followed by a large nested case—
control study [13] reporting a sevenfold increased risk of
VTE in patients currently treated with first-generation
antipsychotics (FGAs) relative to non-users. Since then, an
increasing number of reports supporting and describing this
association have been published. The available evidence on
this link has previously been summarised by both us
[14-16] and others [17-21], including two meta-analyses
[22, 23]. The aim of this article is to update and critically
review the available data on incidence, risk factors, char-
acteristics, mechanisms and management of VTE in users
of antipsychotics.

In October 2017, the PubMed and Scopus databases
were searched for relevant articles on antipsychotic medi-
cation and VTE. In the PubMed search, the Medical Sub-
ject Heading (MeSH) terms ‘embolism and thrombosis’,
‘antipsychotic agents’ and ‘schizophrenia’ were used,

Table 1 Major risk factors for
VTE [1-4]

Clinical factors

Surgical factors Inherited factors

Advanced age

Hospitalisation for acute medical illness

Long-haul flights (duration >4 h)

Obesity

Pregnancy, including the post-partum period

Central venous access  Antithrombin deficiency

Major surgery Dysfibrinogenemia
Orthopaedic surgery Factor V Leiden mutation
Trauma or fracture Protein C deficiency
Protein S deficiency

Prothrombin 20210A mutation

Medical diseases Drugs Mixed or unknown factors
Antiphospholipid syndrome Antiestrogens Activated protein C resistance
Congestive heart failure Antipsychotics in the absence of factor V

. Leiden mutation
Inflammatory bowel disease Chemotherapy

Malignancy
Myeloproliferative disorders
Myocardial infarction
Polycythemia vera

Previous VTE

Sepsis

Stroke

Varicose veins

Family history of VTE
High levels of factor VIII
Hyperhomocysteinaemia

Heparin-induced
thrombocytopenia

High-dose therapy

with progestogens Lupus anticoagulant

Hormone replacement
therapy

Oral contraceptives

Vaginal ring for
contraception

Strontium ranelate

Thalidomide and
lenalidomide

VTE venous thromboembolism
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while in Scopus, the title, abstract and keywords were
searched for a combination of one of the following terms:
‘embolism’, ‘thrombosis’ and ‘thromboembolism’ and one
of the terms ‘antipsychotic agents’, ‘antipsychotic agent’,
‘neuroleptic agent’, ‘neuroleptic agents’, ‘antipsychotic
drug’, ‘antipsychotic drugs’, or any one of 70 individual
antipsychotic compounds. In addition, reference lists of
identified relevant articles were scrutinised for additional
studies not identified by the original database searches.

2 Early Studies

In the early 1950s, a few years after the discovery of
chlorpromazine, some cases of fatal PE during treatment
with antipsychotics were reported [24, 25]. Thereafter, case
reports [26, 27], case series [5—10, 28-30] and observa-
tional studies [31, 32] describing VTE in FGA users were
published, suggesting a link between VTE and psychosis;
however, these studies were inconclusive as they lacked
control groups or did not have detailed information about
possible confounders. Thus, the association fell into
oblivion until 1997 when it was again reported [11].
Thereafter, an increasing body of evidence has been
reported in the literature supporting a relationship between
VTE and antipsychotics. The current systematic observa-
tional data for the risk of VTE among users of antipsy-
chotics are summarised in Table 2 (case—control studies)
and Table 3 (cohort studies and drug surveillance studies).

3 Case—Control Studies
3.1 General Patient Populations

Most of the systematic studies investigating the association
between VTE and antipsychotics are case—control studies
in adult patients. The first of these studies was a nested
case—control study published in the year 2000 using data
from the UK General Practice Research Database [13].
This study found a 7.1-fold increased risk of VTE in cur-
rent antipsychotic users younger than 60 years of age
compared with matched control subjects without such use.
The highest risk was noted in the first 3 months of treat-
ment. There was a trend that low-potency FGA users had a
higher VTE risk than high-potency FGA users, but the
confidence intervals (CIs) were wide and overlapping. As
only a few second-generation antipsychotic (SGA) users
were included in this study, no conclusive results regarding
this association could be presented. The following year, a
subgroup analysis of data from a case—control study [57] in
Dutch outpatients (the Leiden Thrombophilia Study) was
published, reporting a twofold increased risk of VTE in

outpatients who used unspecified antipsychotic drugs
compared with control subjects; however, due to the lim-
ited number of study subjects, the Cls were wide and the
results were consequently inconclusive.

In a French hospital-based case—control study [33]
designed to evaluate interactions between acquired and
inherited risk factors of VTE, the use of antipsychotics was
associated with a 3.5-fold increased risk of VTE. Drug
exposure was defined as current use of drugs at hospital
admission. In a retrospective case—control study in adult
hospitalised patients at a Czech university hospital [34], the
use of antipsychotic drugs was 2.8-fold more common in
patients who had been hospitalised for VTE compared with
the control subjects with hypertension treated at the same
hospital. In a Danish nested case—control study [35] a 2.0-
fold increased risk of VTE was found in current users of
antipsychotic drugs compared with non-users. Former users
of antipsychotic drugs had a non-significant elevated risk
of VTE compared with non-users. Even though a wide
range of confounding factors were controlled for in the
analyses, smoking, diet, obesity and schizophrenic beha-
viour could not be adjusted for, which may have affected
the results. As it was not possible to separate the risk of
VTE between current and former users of antipsychotics, it
is possible that lifestyle factors, the underlying disease or
residual confounding could, at least to some extent, explain
the increased risk.

In a large, UK, population-based, case—control study
[36] using data from the QResearch primary care database,
those who had used antipsychotic drugs in the previous 24
months had a 1.3-fold greater risk of VTE than non-users.
Compared with control subjects, 2.0-fold and 1.7-fold
increased risks were observed in users who had started
their antipsychotic treatment in the previous 3 months and
in SGA users, respectively. In addition, there was a non-
significant tendency toward a higher risk in low-potency
FGA users than in high-potency FGA users. Statistically
significant increased risks were observed for quetiapine,
haloperidol, chlorpromazine, olanzapine and prochlorper-
azine, but not for risperidone or trifluoperazine; however,
the latter non-significant results may be due to the limited
number of exposed individuals. The number of extra cases
of VTE per 10,000 patients treated with antipsychotics over
1 year was estimated to be four in patients of all ages and
ten in patients aged 65 years and older. In another nested
case—control study [37] based on data from a UK primary
care database (Clinical Practice Research Datalink), no
significant increased risk of VTE was found in users of any
antipsychotic drugs compared with non-users; however, for
users who had received a new prescription less than
31 days ago, a 3.2-fold increased risk was found.
Prochlorperazine was associated with an increased risk, but
not risperidone, olanzapine, haloperidol or chlorpromazine.
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However, the ability to examine the risks of individual
substances was limited by the relatively small number of
cases.

Two case—control studies have used data from the
National Health Insurance Research Database in Taiwan.
In the first study [38], current users of antipsychotics were
found to have a 1.5-fold increased risk and new users had a
3.3-fold increased risk of VTE compared with matched
controls. In continuous antipsychotic users, no significant
increased risk could be observed. In the second study [39],
only women older than 50 years of age were included. In
that study, current antipsychotic users had a 1.9-fold
increased risk and new users had a 2.1-fold increased risk.
Among current users of antipsychotics, the risk was similar
among FGA and SGA users. An increase of VTE was
observed in users of the following individual antipsy-
chotics: aripiprazole, amisulpride, olanzapine, trifluoper-
azine, droperidol, prochlorperazine, risperidone,
haloperidol, quetiapine, and sulpiride. In contrast, no
increased risk was found for flupentixol, clothiapine and
thioridazine, which might be explained by the low number
of users.

In a large Italian study [40] investigating the relationship
between antipsychotics and PE, current use of antipsy-
chotics was associated with a statically significant 2.3-fold
increased risk of PE compared with past use. The increased
risk could be observed in both FGA and SGA users. In a
small Slovenian retrospective case—control study [41] of
surgical patients at a single hospital, no significant differ-
ence in the proportions of subjects using antipsychotics
between VTE cases and control subjects was found.

3.2 Elderly Patient Populations

In a large, time-matched, nested, case—control study [42],
data from the Dutch PHARMO Institute database was
analysed within a cohort of patients aged 60 years and
above. Current exposure to antipsychotic drugs was not
associated with an increased risk of VTE compared with
non-use, and no statistically significant associations
between dosage, duration of use, or type of antipsychotic
drug and the risk of VTE were found. In another case—
control study [43], the association between the use of
antipsychotics and the risk of VTE in elderly patients with
dementia was investigated using data from the German
Pharmacoepidemiological Research Database. A modest
but statistically significant 1.2-fold increased risk was
found in current antipsychotic users and a 1.6-fold
increased risk was observed in users of FGA and SGA in
combination. In current users, only recent commencement
was associated with an increased risk. There were no sig-
nificantly increased risks of VTE when SGA and FGA
were analysed separately.

3.3 Deceased Patient Populations

In a clozapine mortality study [11], data from the US
national registry of clozapine recipients were linked to the
National Death Register. In this study, current clozapine
users had a fivefold increased mortality rate in PE com-
pared with previous users. Selective factors leading to an
increased autopsy rate in psychiatric patients cannot be
excluded, but the referral rate of such patients to autopsy
was low. In a nationwide New Zealand case—control study
[44], a 13.3-fold increase in the risk of fatal PE was
observed in current users of antipsychotic drugs compared
with non-users. Low-potency FGA users had the highest
risk—a 20.8-fold increased risk compared with control
subjects. Thioridazine was the main drug in that study. In a
Japanese study among cases of sudden unexpected death
[45], a 10.5-fold increased risk of fatal PE was observed in
antipsychotic drug users.

4 Cohort Studies
4.1 General Patient Populations

In a retrospective cohort study [46] of a US hospital
database consisting of 450,000 users of antipsychotics, a
modest but statistically significant 1.2-fold increased risk
of PE was observed compared with non-users. FGA and
SGA users had comparable risks for PE. In the dataset,
SGA represented over 78% of the prescriptions, but
haloperidol was the most common individual drug.
Clozapine users had the highest risk, and marginally
increased risks were noted for users of ziprasidone, chlor-
promazine, haloperidol, risperidone, and olanzapine. Que-
tiapine and aripiprazole users had no increased risk. The
risk of PE increased with higher doses.

In a Taiwanese population-based cohort study [47]
claims data from the National Health Insurance Research
Database were used. Patients with schizophrenia using
FGA had hazard ratios of 2.1 and 1.9 for DVT and PE,
respectively, and patients with schizophrenia using SGA
had hazard ratios of 1.7 and 2.4 for DVT and PE, respec-
tively, compared with non-schizophrenia patients. There
were no significant differences between FGA and SGA
users. In an Argentinian retrospective cohort study [48],
patients initiating antipsychotic therapy were followed for
36 months. The incidence rate was 18.4 cases per 10,000
person-years. SGA and FGA were divided into subgroups
based on their tendency to cause sedation, metabolic
abnormalities and hyperprolactinaemia, and there were no
significant differences in VTE risk between any of these
subgroups.
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In a large, prospective, open cohort study using rou-
tinely collected data from general practices in the UK (the
QResearch Database), a new clinical risk prediction algo-
rithm was developed and validated [49]. In this study, 1.8-
and 1.6-fold increased risks of VTE were found for male
and female antipsychotic users, respectively. In a cohort
study [50] undertaken in a Japanese acute-care hospital, the
rate of recurrence of VTE events was 7.2 per 100 patient-
years in patients with a previous VTE. Three predictors for
recurrent VTE were identified: malignant disease,
antipsychotic drug use and non-steroidal anti-inflammatory
drug (NSAID) use.

4.2 Elderly Patient Populations

Three cohort studies have investigated the association
between VTE and antipsychotic medication in the elderly.
In a Canadian retrospective cohort study in subjects aged
> 65 years [51], no increase was observed in the rate of
hospitalisation for VTE among users of antipsychotic drugs
compared with users of thyroid hormones, although a
subgroup analysis showed a modest increased risk of VTE
among users of haloperidol. In a retrospective cohort study
of US nursing home residents aged > 65 years [52], no
statistically significant increased rate of hospitalisation for
VTE in FGA users relative to non-users of antipsychotics
was found; however, in SGA users a statistically significant
twofold increased rate was found. Statistically significant
increased risks were observed in users of clozapine or
quetiapine, users of risperidone and users of olanzapine. In
a retrospective study [53] of a population-based cohort of
patients with newly diagnosed dementia in the Welsh
Secure Anonymised Information Linkage databank, a
twofold increased risk of a venous thromboembolic episode
was found in antipsychotic users.

4.3 Deceased Patient Populations

In an autopsy series [54] of deceased persons aged
18-65 years where PE was the cause of death, the presence
of antipsychotic drugs in post-mortem blood analyses was
investigated. A 2.4- and 6.9-fold increased risk of fatal PE
was found in low-potency FGA and SGA users, respec-
tively. No increased risk was found in high-potency FGA
users but very few individuals were included in this group.

4.4 Adverse Drug Reaction Surveillance
Programmes

In an analysis of the Swedish national pharmacovigilance
register from the year 2000, 12 cases of VTE during
clozapine treatment were identified [12]. In five cases, the
outcome was fatal. Based on these cases, as well as
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national sales statistics, it was estimated that at least one
per 2000-6000 treated patients experienced a VTE. Similar
numbers for clozapine as well as for other antipsychotics
were reported from Germany and Switzerland the same
year [58]. In a study of the WHO international database of
adverse drug reactions from 2008, a total of 754 suspected
cases of VTE related to antipsychotics were reported [55].
After applying a data mining technique on this database, a
robust association between VTE and SGA was found, but
not with high- or low-potency FGA. Occurrence of VTE
was more frequently reported during treatment with
clozapine, olanzapine, sertindole and zuclopenthixol than
during treatment with other antipsychotics. In a systematic
surveillance programme of severe adverse drug reactions in
99 psychiatric hospitals in Germany, Switzerland and
Austria, 3.4 cases of VTE per 10,000 inpatient admissions,
corresponding to 43 cases per 10,000 person years, were
identified in antipsychotic users [56]. Of these subjects,
73% had another risk factor for VTE, most often physical
restraint. There was no difference between the low-potency
FGA users, high-potency FGA users and SGA users. The
highest occurrence was found in users of pipamperone,
with 6.1 cases per 10,000 inpatient admissions, followed by
risperidone (5.5 cases), haloperidol (5.3 cases), clozapine
(4.8 cases), and prothipendyl (4.6 cases).

5 Meta-Analyses

A meta-analysis of seven case—control studies [22],
involving 31,095 cases and 143,472 controls, was pub-
lished in 2011. In this analysis, a 2.4-fold overall increased
risk (95% CI 1.7-3.4) of VTE was reported in users of
antipsychotics. Although the reported risks were higher in
SGA users (odds ratio [OR] 2.20, 95% CI 1.22-3.96) than
in FGA users (OR 1.72, 95% CI 1.31-2.24) and higher in
low-potency FGA users (OR 2.91, 95% CI 1.80—4.71) than
in high-potency FGA users (OR 1.58, 95% CI 1.50-1.67),
the wide and overlapping CIs, uncertainties regarding drug
classification, and the heterogeneity in methodologies used,
make the observed differences difficult to interpret.

In a meta-analysis of 17 case—control and cohort studies
published in 2014 [23], antipsychotic use was associated
with a 1.5-fold increased risk of VTE (95% CI 1.28-1.86).
Increased VTE risks were revealed in FGA users (OR 1.74,
95% CI 1.28-2.37, six studies) and SGA users (OR 2.07,
95% CI 1.74-2.52; five studies). No significantly increased
risk of PE could be verified in antipsychotic users (OR
4.90, 95% CI 0.77-30.98; three studies). However, after
adding the results of a recent case—control study [40], an
updated meta-analysis could reveal a statistically increased
risk of PE (OR 3.68, 95% CI 1.22-11.07; four studies)
[40].
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6 Interpretation of Observational Studies

Despite different methodologies, study populations and
antipsychotic drug use patterns, most observational studies
demonstrate an increased risk for VTE in users of
antipsychotics. As case—control studies in general are
known to overestimate risks, additional cohort studies are
therefore important to verify and confirm results from
case—control studies. Regarding the link between VTE and
antipsychotics, cohort studies have reported similar find-
ings as case—control studies, and there is also a consistency
in overall results across different studies.

The highest VTE risk can be observed in present users
of antipsychotics [36-39], especially the first 3 months of
treatment [12, 36-39], suggesting that the medication
rather than the underlying disease is the most important
factor. Based on available data, it is complicated to
determine which antipsychotic drug type carries the highest
risk of VTE. In the meta-analysis from 2011 [22], pooled
estimates showed that low-potency FGA had the highest
risk, followed by SGA, but with overlapping CIs. In the
meta-analysis published in 2014 [23], the risk of VTE was
slightly higher in SGA users than in FGA users, but, again,
CIs were overlapping. In these two meta-analyses, only a
few of the included studies provided data on individual
drugs, and pooled estimates of the VTE risk were therefore
uncertain. More recently, a few larger studies
[36, 39, 46, 52] have been able to study the risk of VTE
related to single compounds, but current data can neither
conclusively verify the existence of a difference between
individual compounds nor identify the antipsychotic
drug(s) having the lowest risk of VTE. Therefore, addi-
tional, even larger studies should be carried out, especially
prospective cohort studies having valid information on
already known risk factors for VTE, thereby being able to
control for all potentially confounding factors.

7 Biological Mechanism

The biological mechanisms responsible for the observed
increased risk of VTE in antipsychotic drug users are not
known and no single biological mechanism is likely to
explain this adverse reaction. Several hypotheses have been
put forward and proposed mechanisms are related to fac-
tors of the antipsychotic drug, the underlying disease, or a
combination of these.

Drug-related factors include the frequently observed
adverse drug reactions sedation, weight gain and hyperpro-
lactinaemia. Sedation and weight gain pave the way to
immobilisation and venous stasis in the lower extremities,
thus increasing the risk of VTE [59, 60]. Prolactin is a potent

platelet aggregation co-activator and the release of this hor-
mone is inhibited by continuous dopamine release in the
pituitary [61, 62]. This effect is mediated via dopamine D,
receptors. As antipsychotics are D, receptor antagonists [63],
prolactin increase is a prominent adverse effect, particularly
for high-potency FGAs and risperidone. Aripiprazole and
clozapine, which show partial agonistic activity and low
affinity for dopamine D, receptors, respectively, show less or
no prolactin increase [64]. Nonetheless, also clozapine is
associated with an increased risk of VTE. Conflicting evi-
dence regarding platelet adhesion and aggregation in vitro for
clozapine and other antipsychotics make the clinical impact of
these findings unclear [14, 65, 66]; it should also be noted that
these platelet effects would be expected to cause arterial rather
than venous thromboembolic events.

Antiphospholipid antibodies (APLs), including anticar-
diolipin antibodies and lupus anticoagulants, have been
shown to be increased in patients using FGA and clozapine
[67-76]. An enhanced level of APLs is an established risk
factor for VTE. However, the clinical impact of a high
level of APLs is uncertain since a high level has also been
shown in patients not using antipsychotics and only few
cases of VTE in patients treated with antipsychotics have
been associated with high levels of APLs [73, 75, 77]. Two
more recent studies did not find any association between
antipsychotic treatment and APL levels [78, 79].

A few well-established risk factors for VTE (Table 1),
such as obesity and sedentary lifestyle, are abundant in
people with psychotic disorders. Besides being a risk factor
by its own, obesity increases thrombin formation and
decreases fibrinolytic activity [4]. Obesity is also linked to
myocardial infarction and congestive heart failure, condi-
tions associated with VTE. Patients with psychoses clearly
have a more sedentary lifestyle than age- and sex-matched
controls from the general population, and their often low
socioeconomic status and income may reduce the practical
possibilities to make healthy lifestyle choices [80].

In the acute phase of a psychotic illness, physical
restraint due to uncontrollable behaviour may also increase
the risk of VTE. In a case series [81], 22 patients with PE
related to catatonic syndrome were described, suggesting
that certain psychiatric symptoms may have an increased
risk of VTE. Of women admitted to a US hospital, two of
four women with the catatonic type of schizophrenia
developed VTE, compared with none of 168 women not
having this type of schizophrenia [82]. The incidence of
VTE was investigated in a Japanese study by means of
routine Doppler ultrasound scanning in 79 catatonic
patients who were involuntarily hospitalised and 292 non-
catatonic physically restrained patients [83]. The incidence
of VTE was significantly higher in the catatonic patients
(25%) compared with the restrained non-catatonic patients
(11%).
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Table 4 Suggested algorithm of primary prevention of VTE for hospitalised psychiatric patients [18]

Score 2 risk factors

Score 1 risk factors

History of deep vein thrombosis or pulmonary embolism
Malignancy (active/treated)

Age > 75 years

Acute infection (including severe infection/sepsis) or acute respiratory disease

(including exacerbation of chronic respiratory disease)

Immobilisation (including paralysis of lower extremity,
physical restraint > 8 h, catatonia)

Hormone therapy (oral contraception®, hormonal
replacement therapy)

Obesity (body mass index > 30 kg/m?)
Age 60-74 years

Varicose veins/venous insufficiency
Dehydration®

Thrombophilia (laboratory)*
Treatment with antipsychotics

The VTE risk was classified as low at a score of 0-3, medium at a score of 4-7, and high at a score of > 8. Prophylaxis is recommended when the

score is >4

VTE venous thromboembolism

“In the alternative VTE risk factor scoring system for psychogeriatric inpatients by Liu and colleagues [98], oral contraceptive use and
thrombophilia (laboratory) was removed. The presence of acute renal failure was added as a proxy for dehydration

High-sensitive C-reactive protein (CRP) and other
inflammatory markers are increased in a subgroup of
patients with acute psychosis [84], and inflammation
parameters have been shown to increase initially when
starting treatment with clozapine and haloperidol [85, 86];
however, an increase in inflammatory response would be
expected to cause arterial rather than venous thromboem-
bolic events, rendering the clinical importance of this
observation uncertain. In addition, markers of thromboge-
nesis, e.g. platelet activation (P-selectin) and coagulation
(D-dimer and factor VIII), are triggered in acute psychosis,
suggesting the disease itself may increase the risk of VTE
[87]. Increased homocysteine levels have been under
debate and have been proposed to increase the risk of VTE,
and hyperhomocysteinaemia has been observed in patients
with schizophrenia, as well as with the metabolic syn-
drome, which is an established adverse reaction of
antipsychotic drug treatment [88, 89]. However, lifestyle
factors such as a poor diet, cigarette smoking and high
coffee and tea consumption may cause the observed
increase in homocysteine seen in the group, rather than the
antipsychotic drug or the disease itself [90].

In conclusion, although several mechanisms have been
proposed to date, no clear-cut causal relationships between
the mechanisms of action or other biological effects of
antipsychotic drugs and VTE have been established.

8 Clinical Implications and Management
Due to the increased risk of thromboembolic events in

users of antipsychotic medications, individual risk factors
for VTE should be assessed and high-risk situations should
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be identified. The importance of identifying early signs of
VTE in antipsychotic users is stressed by the relatively
high risks for fatal VTE and PE in antipsychotic users
[44, 45] compared with the general increased risk of VTE
in antipsychotic users (Tables 2, 3). Moreover, as the risk
is dynamic, the risk should be re-evaluated when clinical
circumstances change; for example, in situations with
reduced mobility, infections, surgery and hospitalisation. In
high-risk situations, appropriate prevention measures
should be considered, i.e. reducing modifiable risk factors
and commencing prophylactic antithrombotic treatment in
line with guidelines [91]. To improve adherence to relevant
guidelines, interventions such as medical education [92],
computer-based alerts [93], and didactic lectures [94] have
been suggested. Risk-assessment models (RAMs) have
been advocated as instruments to ensure objective risk
assessments and to support evidence-based clinical deci-
sions in management of the risk [95, 96]. However, risk
predictors differ across RAMs and several of them do not
take antipsychotic treatment as a risk factor into consid-
eration, possibly because limited evidence exists regarding
how the increased risk of VTE due to antipsychotic agents
should be handled in clinical practice.

Attempts to compile algorithms for the primary pre-
vention of VTE for psychiatric inpatients have been made
(Table 4). In the algorithm by Maly et al. [18], which is
based on an algorithm by Cohen et al. [97], the patients’
risk of VTE is assessed and preventive measures suggested.
Prophylactic treatment with low-molecular weight heparin
is suggested in hospitalised patients with reduced mobility
until they are fully mobilised. Liu et al. [98] adopted the
scoring system from Maly et al. [18] to assess the VTE risk
in psychogeriatric inpatients. Here, oral contraceptive use
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Box 1 Clinical recommendations for the prevention and management of venous thromboembolism (VTE) in users of antipsychotics

Patients with risk factors for VTE besides the antipsychotic treatment should be informed of VTE as a possible adverse effect, early symptoms
of VTE, and the importance of seeking medical care immediately if a VTE is suspected

Early symptoms of VTE should be recognised and further investigated without delay by healthcare providers

Prevention of VTE with low-molecular weight heparin is generally considered safe and effective and should be considered in antipsychotic
users restrained for more than 24 h due to psychotic uncontrollable behaviour

The threshold for initiating prophylactic treatment with low-molecular weight heparins should be low in other VTE high-risk situations (for

example, fractures, surgery and reduced mobility)

A manifest VTE should be treated according to current VTE management guidelines

After a diagnosis of VTE has been made in an antipsychotic drug user, the indication of the antipsychotic treatment should be re-evaluated
and treatment suspended whenever possible, or, alternatively, switched to another antipsychotic compound

was removed, as was laboratory thrombophilia, which
would rarely be checked in an elderly patient. The presence
of acute renal failure was added as a proxy for dehydration.
Patients were classified as having low (score 0-3), medium
(4-7) and high risk (> 8), as in the scoring system by Maly
et al. [18]. Those assessed to be at medium risk had a
significantly increased rate of VTE and therefore the
authors proposed prophylaxis to be prescribed for psy-
chogeriatric inpatients assessed to be at medium and high
risk. Nevertheless, the threshold for prophylactic treatment
should also be low in situations with VTE risk factors that
are not included in the algorithm. If no contraindications to
low-molecular weight heparins are present, the prevention
of VTE with such drugs is generally considered safe and
effective. No data exist on the use of direct oral antico-
agulants (DOACs), such as dabigatran, rivaroxaban, apix-
aban and edoxaban, in this situation. In patients not
suitable for treatment with low-molecular weight heparins,
DOACs could be considered as an alternative. In such
cases, it seems reasonable to use these drugs in low doses,
e.g. the doses approved for VTE prophylaxis after hip or
knee replacement surgery.

High-risk individuals using antipsychotics should be
informed of the symptoms of DVT and PE, as well as the
importance of seeking medical care immediately. A man-
ifest VTE or PE in a patient using an antipsychotic agent
should be managed in accordance with current guidelines
[91]. After diagnosis, the indication of the antipsychotic
treatment should be re-evaluated and treatment suspended
if possible. Both Maly et al. [18] and Liu et al. [98] rec-
ommend that if there is a strong indication for treatment,
switching to an antipsychotic with a possibly lower asso-
ciation with VTE should be considered; however, they do
not specify which antipsychotics should be preferred (or
avoided) in patients with a high risk of VTE. Although
solid evidence is lacking, it could be speculated that the
risk of VTE might be higher for clozapine than for other
SGAs [46, 52]. Separating the other SGAs regarding the
risk of VTE is not possible based on available data. As
psychotic disorders as such have been associated with
VTE, it is possible that the underlying condition may have

contributed in the etiology of VTE. When choosing an
antipsychotic drug for a patient, it seems reasonable to
consider not only drug-specific risk factors for VTE but
also patient-specific risk factors. Clinical recommendations
for the prevention and management of VTE in users of
antipsychotics are summarised in Box 1.

9 Conclusions

Increasing evidence points towards an increased risk of
VTE in patients using antipsychotics. The association is
mainly supported on observational data. Even though
individual studies have a number of methodological
shortcomings, the overall picture suggests that the observed
higher risk is related to the antipsychotic medications as
such. The risk seems to be highest during the first 3 months
of treatment. The currently available literature does not
document any clear-cut differences in the risk of VTE
between FGA and SGA or between individual antipsy-
chotic drugs, and the biological mechanisms underlying the
increased risk are still largely unknown.

In patients developing VTE, adequate antithrombotic
treatment should be started and consideration should be
given to discontinuing or switching the antipsychotic
treatment. Even though solid evidence is lacking, it might
be pertinent to avoid clozapine if possible, but giving
advice regarding which drug(s) to prefer or avoid among
the other SGAs is not possible. Prophylactic antithrombotic
treatment should be given liberally to patients concomi-
tantly having other risk factors of developing VTE, e.g. in
line with the algorithm outlined in Table 4.
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