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Abstract Venous thromboembolism is the third most
common cardiovascular disease and a major cause of in-
patient mortality as over 50 % of deep vein thrombosis and
pulmonary embolism are undetected in medically treated
patients. Several agents are approved for thromboprophy-
laxis, including warfarin, unfractionated heparin, low
molecular-weight heparins, fondaparinux, and target-
specific oral anticoagulants. The purpose of this literature
review is to discuss the increased risk of venous throm-
boembolism in medically ill patients and the literature
surrounding the efficacy and tolerability of low molecular-
weight heparins and target-specific oral anticoagulants for
this indication. PubMed, MEDLINE, EBSCOhost, and
clinicaltrials.gov were used as search engines in the lit-
erature review. Search limits included articles containing
human subjects, scholarly (peer-reviewed) journals written
in English, and publication dates from 2004 to 2014.
Animal studies, non-English articles, and publications
dated prior to 2004 were excluded. Recurrent venous
thromboembolism remains an ongoing problem affecting
thousands of people in the non-surgical population annu-
ally. With limited data, it is not likely that target-specific
oral anticoagulants will soon replace low molecular-weight
heparins or even be considered an alternative until efficacy
and tolerability have been established. Until further evi-
dence is disclosed, low molecular-weight heparins and
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fondaparinux (in the absence of renal dysfunction and low
body weight) should continue to be utilized as first-line
agents for thromboprophylaxis in medically ill patients.
The use of apixaban and rivaroxaban is discouraged for
thromboprophylaxis in medically ill patients.

Key Points

A major gap remains in clinical trials and in the
overall body of evidence discussing
thromboprophylaxis in medically ill patients.

Low molecular-weight heparins continue to be first-
line therapy for thromboprophylaxis in medically ill
patients.

Rivaroxaban is the only target-specific oral
anticoagulant to show favorable efficacy in
medically ill patients for thromboprophylaxis, but at
an increased risk of bleeding.

1 Introduction

Approximately 350,000-600,000 individuals in the USA
alone experience venous thromboembolism (VTE), com-
prising deep vein thrombosis (DVT) and pulmonary em-
bolism (PE). VTE is the third most common cardiovascular
disease and a major cause of inpatient mortality, as over
50 % of DVT and PE are undetected in medically treated
patients [1, 2]. Annually, at least 100,000 deaths are related
to these disease states [3]. National Hospital Discharge
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Surveys have shown that over 230,000 individuals are
hospitalized for VTE each year in the USA [4].

Venous thromboembolism is the formation of a throm-
bus in a vein. A thrombus is the final step of the co-
agulation cascade (Fig. 1), where a mix of aggregated
platelets and cross-linked fibrin proteins form a blood clot.
Once the thrombus relocates, it is called an embolus. The
most common sites an embolus typically settles are the
deep veins of the legs and the lungs [5]. In hospitalized
medically ill patients, acute medical illnesses, cancer, im-
mobility, obesity, and inherited or acquired thrombophilia
are some of the many risk factors for VTE (Table 1). The
more risk factors present, the higher the risk of VTE.
Numerous complications may arise from a DVT or PE, and
the risk of these events increase with every subsequent
VTE. In medically ill patients, these complications include,
but are not limited to, recurrent VTE, post-thrombotic
syndrome (PTS), and chronic thromboembolic pulmonary
hypertension (CTEPH) [6].

Several agents are approved for the treatment and pre-
vention of VTE, including warfarin, unfractionated heparin
(UFH), low molecular-weight heparins (LMWHs), fonda-
parinux, and target-specific oral anticoagulants (TSOACs)
(Table 2). Although the mechanisms of action of these
medications differ, they all have the same endpoint of in-
hibiting the formulation of fibrin (or blood clot). Warfarin
has been part of the mainstay of VTE treatment and throm-
boprophylaxis for decades. Warfarin inhibits the synthesis of
vitamin K-dependent clotting factors II (also known as
thrombin), VII, IX, and X, thereby blocking several sites in
the coagulation cascade [7]. Before warfarin, UFH was the
sole anticoagulant used to treat and prevent VTE, and is still
one of the most commonly used agents within the inpatient

setting. UFH inactivates the activated forms of factors II and
X via antithrombin III. It also inhibits the activation of factor
X111, the fibrin stabilizing factor [§]. LMWHs work similarly
to UFH by enhancing the inhibition of activated factors X
and II via antithrombin III [9, 10]. The most commonly used
LMWHs are enoxaparin and dalteparin. These agents have a
lower affinity for antithrombin due to a smaller polysac-
charide chain structure compared with UFH, with the ad-
vantage of more predictable anticoagulation effects
(Table 3). Fondaparinux, a synthetic analog of the pen-
tasaccharide chain in heparin and LMWHs, is another anti-
coagulant that selectively binds to antithrombin III and
inhibits activated factor X, but does not affect activated
factor II [11]. Finally, our most recently approved antico-
agulant agents are the TSOACs, consisting of rivaroxaban
and apixaban. These agents directly inhibit activated factor
X (Fig. 1) [12, 13].

For the past decade, LMWHs have been replacing UFH
as initial VTE therapy and prevention for medically ill
patients because of a more predictable pharmacokinetic
profile and the allowance of out-of-hospital management
for uncomplicated VTE [14]. Target-specific oral antico-
agulants are a new class of medication for VTE prophy-
laxis that offer several advantages over LMWH, such as an
oral route of administration, a more predictable pharma-
cokinetic profile, and no risk of heparin-induced throm-
bocytopenia (HIT). Similar to LMWH, these agents have
few drug—drug and drug—food interactions and do not re-
quire routine monitoring and fast onset of action.

The purpose of this review is to discuss the increased
risk of VTE in medically ill patients and the literature
surrounding the efficacy and tolerability of LMWHs and
TSOACs for thromboprophylaxis.

Fig. 1 Coagulation cascade and
LMWH and TSOAC
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Table 1 Risk factors for venous thromboembolism in medically ill
patients [18-20, 23, 24]

Previous VTE days
Known thrombophilia
Cancer

Age >60 years
Lower-limb paralysis
Recent trauma and/or surgery
Heart failure

Acute myocardial infarction or ischemic stroke
Hypocapnia

Hypoxemia

Tachycardia

Acute infectious disease
Acute respiratory failure
Chronic respiratory disease
Rheumatological disorder
Ongoing hormonal therapy
Bedrest >3 days
Immobilization >7 days
Admission to ICU/CCU
BMI >30

Band atelectasis

Elevation of a hemidiaphragm on chest X-ray

BMI body mass index, CCU coronary care unit, /CU intensive care
unit, VTE venous thromboembolism

Table 2 Bleeding risk factors in medically ill patients [21]

Active gastroduodenal ulcer
Male sex

History of prior bleeding
Low platelet count

Age >85 years

INR >1.5

Severe to moderate renal failure
Hepatic failure

ICU/CCU stays

Central venous catheter
Rheumatic disease

Active cancer

CCU coronary care unit, /CU intensive care unit, /NR international
normalized ratio

2 Literature Search Methods

PubMed, MEDLINE, EBSCOhost, and clinictrials.gov
were used as search engines in the literature review. The
inclusion criteria of the search limits included articles
containing human subjects, scholarly (peer-reviewed)

journals written in English, and publication dates from
2004 to 2014. The exclusion criteria included animal
studies, non-English articles, publications dated prior to
2004. An exception to the exclusion criteria was articles
prior to 2004 that were deemed necessary to include for
historical reference. Keywords searched were venous
thromboembolism, VTE, thromboprophylaxis, deep vein
thrombosis, DVT, pulmonary embolism, PE, low mole-
cular weight heparin, LMWH, enoxaparin, dalteparin, tar-
get-specific oral anticoagulant, TSOAC, novel oral
anticoagulant, NOAC, dabigatran, rivaroxaban, apixaban,
and anticoagulation.

3 Discussion

Venous thromboembolism continues to be an ongoing issue
in the medically ill population. In the absence of thrombo-
prophylaxis, 5-15 % of hospitalized medical patients de-
velop VTE. Furthermore, it has been shown that PE occurs
more frequently in hospitalized medical patients than non-
medical patients [15]. Approximately one-third of VTE pa-
tients will have a recurrent episode within 10 years, and up to
30 % will die within 1 month of diagnosis [16]. The
American College of Chest Physicians (ACCP) suggests the
use of thromboprophylaxis in any acutely ill hospitalized
medical patients who are at increased risk of thrombosis and
are not bleeding or at a high risk of bleeding [17]. LMWHs
are recommended as first-line treatment, including dal-
teparin and enoxaparin. Relatively lackluster results with
TSOACSs have been shown. The current ACCP guidelines
provide no recommendation supporting or discouraging the
use of TSOACs for VTE prevention due to a lack of strong
evidence with neither having a US FDA-approved indication
for thromboprophylaxis at the time of publication [17].

3.1 Risk Factors

Balancing the risk of VTE with bleeding can be a daunting
task in acutely ill medical patients. Studies have shown
that, even with guidelines recommending the use of VTE
prophylaxis in medically ill patients at risk of thrombosis,
it may be underutilized [18]. The IMPROVE VTE (Inter-
national Medical Prevention Registry on Venous Throm-
boembolism) study examined thromboprophylaxis in
clinical practice. Looking at over 15,000 patients, it found
that approximately 60 % of the patients who were con-
sidered eligible and would have benefited from pharma-
cological therapy actually received it [18].

Using the data from IMPROVE VTE, several risk cal-
culators were developed in order to predict the develop-
ment of VTE and bleeding risk. Spyropoulos et al. [19]
developed a weighted VTE risk score derived from seven
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Table 3 Overview of low molecular-weight heparin, fondaparinux, and target-specific oral anticoagulants [9-13, 60-63]

Agent Class Mechanism Dose® Renal dose adjustment
Dalteparin® LMWH Composed of molecules with and without a specially 5000 IU N/A
characterized pentasaccharide, the antithrombin daily
Enoxaparin binding site that is essential for high-affinity 40 mg od 30 mg once daily if CrCl <30 mL/min
binding to the plasma protein antithrombin III,
inhibiting formation of both factor Xa and
thrombin
Fondaparinux Indirect Selectively binds to anti-thrombin III, potentiating 2.5 mg od Contraindicated in CrCl <30 mL/min
factor Xa (~300x) the innate neutralization of factor Xa
inhibitor interrupting the blood coagulation cascade leading
to thrombin formation and development
Dabigatran®  Direct Because thrombin (serine protease) enables the 150 mg bid Should be avoided in CrCl <30 mL/min
thrombin conversion of fibrinogen into fibrin during the
inhibitor coagulation cascade, its inhibition prevents the
development of a thrombus
Rivaroxaban® Direct Inhibits free factor Xa and prothrombinase activity, 10 mg od Should be avoided in CrCl <30 mL/min
Apixaban® factor Xa decreasing thrombin generation. It has no direct 2.5 mg od Should be avoided in CrCl <30 mL/min
inhibit ffect latelet tion, but indirectl oo .
Edoxaban® fiubrtor etiect on pratelet aggregation, but indirectly 60 mg od 30 mg once daily if CrCl 15-50 mL/min
inhibits platelet aggregation induced by thrombin . .
or body weight <60 kg or concomitant
use of strong P-gp inhibitors
Betrixaban® 160 mg 80 mg loading dose, then 40 mg once
loading daily if CrCl 15-30 mL/min or
dose, then concomitant use of strong P-gp
80 mg od inhibitors

bid twice daily, CrCl creatinine clearance, FDA US Food and Drug Authority, LMWH low molecular weight heparin, N/A not applicable, od once

daily, P-gp P-glycoprotein, TSOAC target-specific oral anticoagulant

? Dose in medically ill patients for thromboprophylaxis

" Dose used in clinical practice but is not FDA approved in medically ill patients

¢ Currently undergoing phase III studies

clinical factors for medically ill hospitalized patients. The
following factors were identified as independently associ-
ated with the development of VTE (and points for VTE
risk): previous VTE (3 points), known thrombophilia (2
points), cancer (2 points), age greater than 60 years (1
point), lower-limb paralysis (2 points), immobilization for
at least 7 days (1 point), and admission to an intensive care
unit (ICU) or coronary care unit (CCU) (1 point). A score
of >2 was associated with a high risk of 3-month VTE
mortality. Of the 184 patients observed, a score of 2 or 3
resulted in a 1.5 % VTE risk compared with 5.7 % for a
score of >4 [19]. This risk assessment model (RAM) was
later reviewed in the VTE-VALOURR (External Valida-
tion of a Risk Assessment Model for Venous Throm-
boembolism in the Hospitalised Acutely-ill Medical
Patient) study, the first external validation of any evidence
base-derived RAM in medically ill patients. In this large
retrospective cohort, the seven independent risk factors of
the aforementioned study were identified and separated
patients in low (score of 0 or 1), moderate (score of 2 or 3),
and high (score of 4 or more) VTE risk categories. The area
under the receiver-operator characteristics curve was
0.7731, showing good discrimination and calibration of the
three-tiered RAM point system [20].
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Looking at bleeding risk, Decousus et al. [21] assessed
the incidence of major and clinically relevant bleeding. The
strongest independent risk factors (and points that were
assigned to each factor) were the presence of an active
gastroduodenal ulcer (4.5 points), prior bleeding 3 months
before admission (4 points), and a platelet count
of <50 x 10° cells/L (4 points). Other factors (and their
scores) included age older than 84 years (3.5 points), in-
ternational normalized ratio (INR) above 1.5 (2.5 points) or
glomerular filtration ratio (GFR) below 30 mL/min/m? 2.5
points), ICU or CCU stays (2.5 points), central venous
catheter use (2 points), rheumatic disease (2 points), active
cancer (2 points), male sex (1 points), and GFR between 30
and 59 mL/min/m> (1 point). A score of >7 showed an
exponentially increased risk of bleeding. More than 50 %
of all major bleeding events occurred in 10 % of medically
ill hospitalized patients for whom a score of >7 was
established. Additionally, a mean score of 8.6 signified
death due to bleeding [21]. A validated RAM for bleeding
or a tool validating the overall risk-to-benefit ratio is the
next step in research, as we move into this new era of VTE
prevention in medically ill inpatients [22].

Other RAMs such as the Padua Prediction score and
Geneva score are used to assess VTE risk. The Padua
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Prediction score combines patient-specific and disease-
specific risk factors in patients admitted to internal medi-
cine departments [22]. This assessment tool is used to
classify patients as having a high or low risk of VTE ac-
cording to the following criteria (and point scale): active
cancer (3 points), previous VTE (3 points), bedrest for at
least 3 days (3 points), already known thrombophilic con-
dition (3 points), trauma and/or surgery within the last
month (2 points), age >70 years (1 point), heart and/or
respiratory failure (1 point), acute myocardial infarction or
ischemic stroke (1 point), acute infection and/or rheuma-
tologic disorder (1 point), body mass index (BMI) of >30
(1 point), and ongoing hormonal therapy (1 point). A score
of >4 denotes a high risk of VTE [23]. Barbar et al. [23]
first tested the use of this tool. The primary outcome, the
risk of VTE in high-risk patients who had adequate
thromboprophylaxis while inpatient compared with those
who did not and compared with low-risk patients who re-
ceived thromboprophylaxis, was analyzed. In the high-risk
group, VTE occurred in 2.2 % of patients who received
prophylaxis and in 11 % of those who did not (hazard ratio
[HR] 0.13; 95 % confidence interval [CI] 0.04—0.40). In the
low-risk group, VTE occurred in 0.3 % of those who were
given thromboprophylaxis (HR 32; 95 % CI 4.1-251.0)
[23]. The Padua Prediction Score helped further dis-
criminate between medically ill patients at high and low
risk of VTE and is utilized by the current ACCP an-
tithrombotic guidelines, although it has not been validated
in non-critically ill patients to date [17, 23]. The Geneva
Risk Score’s algorithm was first evaluated in patients with
high, intermediate, or low probability of PE admitted to the
emergency department [24]. It was found that eight pre-
dictors showed a significant association with PE: recent
surgery (odds ratio [OR] 4.6; 95 % CI 2.6-8.3; p < 0.001;
point score +2), previous thromboembolic event (OR 3.0;
95 % CI 2.1-4.4; p < 0.001; point score +2), age between
60 and 79 years (OR 1.9; 95 % CI 1.3-2.7; p = 0.002;
point score +1), age >80 (OR 2.8; 95 % CI 1.8-4.4;
p < 0.001; point score +2), hypocapnia (OR 2.9; 95 % CI
1.9-4.4; p < 0.001; point score +2), hypoxemia (OR 7.2;
95 % CI, 3.2-15.8; p < 0.001; point score +4), tachycar-
dia (OR 1.6; 95 % CI 1.1-2.2; p = 0.008; point score +1),
band atelectasis (OR 1.9; 95 % CI 1.3-2.9; p = 0.001;
point score +1), or elevation of a hemidiaphragm on chest
X-ray (OR 1.6; 95 % CI 1.1-2.4; p = 0.02; point score
+1), All levels of hypocapnia and hypoxemia were sig-
nificantly associated with PE, but point scores varied based
on degree of severity [24]. A cut-off score of <4 classified
patients as low risk, 5-8 as intermediate risk, and >9 as
high risk. Of the 1090 patients analyzed, 10 % were
categorized as low risk and developed a PE, 38 % as in-
termediate risk and developed a PE, and 81 % as high risk
score and developed a PE [24]. These RAMs were

subsequently validated by the ESTIMATE (Explicit
Assessment of Thromboembolic Risk and Prophylaxis for
Medical Patients in Switzerland) trial, where the Geneva
Risk Score was compared with the Padua Prediction Score
in distinguishing between low- and high-risk patients while
looking at symptomatic VTE or VTE-related death at
90 days as the primary endpoint [25]. This endpoint was
shown in 3.2 % (95 % CI 0.022-0.046) of high-risk pa-
tients versus 0.6 % (95 % CI 0.002-0.019) in low-risk
patients when utilizing the Geneva Risk Score, compared
with 3.5 % (95 % CI 0.023-0.053) for high-risk patients
and 1.1 % (95 % CI 0.006-0.023) in low-risk patients
when using the Padua Prediction Score. The authors con-
cluded that, amongst hospitalized medically ill patients, the
Geneva Risk Score predicted VIE and VTE-mortality
similarly to the Padua Prediction Score and was especially
useful in identifying low-risk patients who may not require
thromboprophylaxis [25]. Once the risk-to-benefit ratio of
thromboprophylaxis versus bleeding is assessed, several
pharmacological options can be chosen.

3.2 Dalteparin

The literature surrounding dalteparin in the medically ill is
lacking, with only a few major clinical trials and post hoc
analyses describing its efficacy and safety in VTE pre-
vention. PREVENT (Prospective Evaluation of Dalteparin
Efficacy for Prevention of VTE in Immobilized Patients
Trial) looked at the efficacy and tolerability of dalteparin
for thromboprophylaxis in low-risk medically ill patients
[26]. Dalteparin was shown to significantly decrease the
risk of VTE by 45 % compared with placebo (4.96 % in
the placebo group vs. 2.77 % in the dalteparin group; ab-
solute risk reduction [ARR] of 2.19 %; relative risk [RR]
0.55; 95 % CI 0.38-0.80; p = 0.0015). This benefit was
shown to extend for at least 3 months. Additionally, there
was an overall low risk of bleeding (0.49 % of patients
receiving dalteparin and 0.16 % of those receiving placebo;
p = 0.15) and thrombocytopenia observed [26].

Although dalteparin is not highly protein bound, in
clinical practice it is suggested that prophylactic doses be
increased in morbidly obese patients, defined as a
BMI >40 kg/m2 [27]. This recommendation comes from
subgroup analyses of obese and elderly hospitalized pa-
tients from PREVENT [27-29]. In these subgroups, a
composite of symptomatic VTE, fatal PE, sudden death, or
asymptomatic proximal DVT was reduced with dalteparin
without an increased risk in major hemorrhage (obese pa-
tients 0 vs. 0.7 % placebo; p > 0.99; elderly patients 1.1
vs. 0.7 %; p = 0.12). In obese patients, the primary out-
come showed a non-significant trend towards dalteparin
compared with placebo (2.8 % of the dalteparin and 4.3 %
of the placebo groups; RR 0.64; 95 % CI 0.32-1.28). In
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non-obese patients, the primary outcome was significantly
decreased in the dalteparin group (RR 0.53; 95 % CI
0.34-0.82). Similarly, in individuals aged 75 years or
older, the primary endpoint occurred significantly less in
the dalteparin group (RR 0.52; 95 % CI 0.31-0.87) [28].
Patients with acute and chronic heart failure (HF), respi-
ratory failure, infectious disease, rheumatological disor-
ders, and varicose veins were also assessed, and no
difference was found in thromboprophylaxis benefit be-
tween groups. The RR was 0.73 in patients with HF, 0.72
in those with respiratory failure, 0.46 in those with infec-
tious disease, and 0.97 in those with rheumatological dis-
orders. The RR was 0.52 in patients aged >75 years, 0.64
in obese patients, 0.34 for patients with varicose veins, and
0.71 in patients with chronic HF. No subgroup had a sig-
nificantly different response from any other [29]. This
suggests that VTE prevention with dalteparin should be
used in a wide range of acutely ill hospitalized medical
patients [29]. However, it is important to consider that, in
disease states such as chronic kidney disease, the half-life
of dalteparin can be increased. Therefore, in patients with a
creatinine clearance (CrCl) of <30 mL/min, the manufac-
turer suggests using the recommended daily dose of 5000
units while obtaining anti-Xa levels [30].

The PROTECT (Prophylaxis for Thromboembolism in
Critical Care Trial) is a unique study in that medical and
surgical patients with any degree of renal function or
dysfunction were included [31]. This phase III randomized,
double-blinded study tested the superiority of dalteparin
5000 units daily versus UFH 5000 units twice daily in
regards to the primary outcome, the prevention of proximal
leg DVT. A total of 76 % of admissions were medically
treated patients. The primary outcome occurred in 5.1 % of
patients receiving dalteparin and in 5.8 % in those re-
ceiving UFH (HR 0.92; 95 % CI 0.68-1.23; p = 0.57). Of
note, PE developed significantly less in the dalteparin
group (1.3 %) compared with the UFH group (2.3 %) (HR
0.51; 95 % CI 0.30-0.88; p = 0.01). The rate of any VTE
or VTE-related death did not differ between groups (HR
0.89; 95 % CI 0.79-1.01; p = 0.07). Major bleeding was
also not significantly different between groups (HR 1.00;
95 % CI 0.75-1.34; p = 0.98) [31].

Advantages of dalteparin are its pharmacokinetics and
low incidence of adverse effects. Dalteparin has a high
bioavailability, allowing for once-daily administration.
Additionally, a low incidence of HIT and osteopenia with
long-term use has been demonstrated [32]. Dalteparin’s
low affinity for plasma proteins makes it a useful agent in
the morbidly obese and elderly populations. Also, severe
adverse events have only been shown to occur rarely.
However, it is important to keep in mind that HIT, ana-
phylactic reactions, skin necrosis, alopecia, rash,
retroperitoneal, gastrointestinal, and intracranial
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hemorrhage, and spinal or epidural hematoma are uncom-
mon, but possible and dalteparin should be avoided in
patients with a history of any of the aforementioned [9].

3.3 Enoxaparin

Throughout the 1990s and early 2000s, clinical trials
demonstrated that enoxaparin was as efficacious and safe
as UFH in medically ill patients needing thromboprophy-
laxis [33-37]. Subsequently, a real-world comparison of
the clinical and economic advantages of enoxaparin and
UFH thromboprophylaxis in acute medically ill patients,
including those with circulatory disorders, respiratory dis-
orders, infectious diseases, or neoplasms, was performed
[38]. A 74 % risk reduction in VTE among patients re-
ceiving enoxaparin prophylaxis versus UFH was estab-
lished (RR 0.26; p < 0.001). Also, the occurrence of side
effects, length of stay (10 days with enoxaparin vs.
10.26 days with UFH; p = 0.348), and total costs
($US18,777 vs. $US17,602; p = 0.463) were similar be-
tween the two groups [38].

In an attempt to define the level of thromboembolic risk
in acutely ill medical patients the MEDENOX (Prophylaxis
in Medical Patients with Enoxaparin) trial examined the
risk—benefit ratio of 20 or 40 mg enoxaparin daily com-
pared with placebo. The primary outcome, occurrence of
documented VTE between days 1 and 14 of admission, was
found to be significantly lower in the enoxaparin 40 mg
group than in the placebo group (RR 0.37; 95 % CI
0.22-0.63; p < 0.001). No significant difference was ob-
served between the enoxaparin 20 mg and placebo groups
[39]. Further analysis of this study revealed independent
factors related to an increased risk of VTE. Age older than
75 years (RR 1.51; 95 % CI 1.03-2.20; )(2 4.22; p < 0.04),
cancer (RR 1.74; 95 % CI 1.13-2.68,; )52 5.46; p < 0.02),
and previous VTE (RR 1.84; 95 % CI 1.15-2.94; ;52 5.29;
p < 0.02), were found to have a significantly high asso-
ciation with an increased risk of VTE. An acute infectious
disease was the only acute medical illness found to sig-
nificantly increase VTE risk (RR 1.47; 95 % CI 1.47-2.14;
}(2 3.59; p <0.05). Acute respiratory failure (RR 0.63;
95 % CI 0.43-0.91; Xz 5.72; p < 0.02) and chronic respi-
ratory disease (RR 0.60; 95 % CI 0.42-0.88; 12 6.64;
p < 0.01) showed a significant yet lower risk of VTE
compared with other factors [40].

In order to examine the risk and benefits of long-term
LMWH prophylactic therapy in acutely ill and immobile
patients, the EXCLAIM (Extended Clinical prophylaxis in
Acutely 11l Medical patients) study compared the incidence
of VTE and safety using enoxaparin versus placebo [41].
After receiving open-label enoxaparin for an initial
10 £ 4 days, patients were randomized to receive ex-
tended-duration enoxaparin or placebo for an additional
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28 £ 4 days. This extended-duration enoxaparin group
reduced VTE incidence compared with placebo [2.5 vs.
4 %; absolute risk (AR) difference favoring enoxaparin
-1.53 %; 95 % CI -2.54 to —0.52], but with an increase in
major bleeding events (0.8 vs. 0.3 %; AR difference fa-
voring placebo 0.51 %; 95 % CI 0.12-0.89). The benefits
of extended-duration enoxaparin seemed to be restricted to
women, patients aged >75 years, and those with level 1
immobility (total bed rest or sedentary state). A criticism of
this trial is that a planned, blinded interim analysis was
performed, which suggested the study was unlikely to show
statistical significance of enoxaparin compared with
placebo. As a result, the inclusion criteria were redefined to
focus on enrollment of patients with a high risk of VTE. Of
note, almost half of the patients were enrolled at this time
[41]. Nevertheless, this study helps support the use of
enoxaparin in several subgroups of medically ill patients in
need of VTE prevention.

The LIFENOX (Mortality reduction of Enoxaparin in
Hospitalized Acutely III Medical patients Receiving
Enoxaparin) study aimed to find an association between
mortality and thromboprophylaxis using enoxaparin com-
pared with placebo [42]. Patients hospitalized due to acute
decompensated HF, severe systemic infection with at least
one risk factor for VTE, or active cancer were examined
for the rate of death from any cause at 30 days. The pri-
mary safety outcome was the rate of major bleeding during
and up to 48 h after the treatment period. Results showed
that the rate of death from any cause at day 30 was 4.9 % in
those receiving enoxaparin as compared with 4.8 % in
those receiving placebo (RR 1.0; 95 % CI 0.8-1.2;
p = 0.83) without an increased rate of major bleeding
(0.4 % in the enoxaparin group and 0.3 % in the placebo
group; RR 1.4; 95 % CI 0.7-3.1; p = 0.35). The composite
of the incidence of sudden death or PE did not significantly
differ between groups at 30 days (RR 1.0; 95 % CI
0.6-1.7; p = 0.97). In conclusion, enoxaparin thrombo-
prophylactic therapy was not associated with a reduction in
the rate of death from any cause among hospitalized
acutely ill medical patients compared with placebo [42].

Similar to dalteparin, bleeding complications and HIT
are possible with enoxaparin therapy. Elevations in serum
aminotransferases, local injection site reactions, nausea,
anemia, ecchymosis, edema, and peripheral edema have
also been reported [10]. Enoxaparin has been well tolerated
in pregnancy and in the elderly. The manufacturer suggests
that anti-factor Xa levels in geriatric patients with low body
weight (<45 kg) should be monitored. In morbidly obese
patients with a BMI >40 kg/m?, it is suggested that the
prophylactic dose of enoxaparin should be increased by
25 % and anti-factor Xa levels should be obtained. Anti-
factor Xa monitoring is suggested in these patient
populations because of the uncertainty surrounding the

balance between sub-therapeutic levels and bleeding risk.
Anti-factor Xa levels should be obtained 4 h after injection
and monitored based on laboratory-specific goal ranges
[27, 43]. In patients with severe renal dysfunction
(CrCl <30 mL/min), enoxaparin concentration is sig-
nificantly increased as it is renally excreted; therefore, dose
adjustments are recommended with anti-factor Xa
monitoring [10, 43].

A meta-analysis for thromboprophylaxis in medically ill
patients compared LMWHs (including fondaparinux) with
UFH and with placebo regarding thromboprophylaxis [44].
This analysis evaluated nine randomized controlled trials; it
found DVT was significantly reduced in patients receiving
LMWH compared with those receiving placebo (OR 0.60;
95 % C10.47-0.75; p < 0.001) and similarly with UFH (OR
0.92; 95 % CI 0.56-1.52). No significant difference in PE
was observed amongst the LMWH, UFH, and placebo
groups. Major bleeding was also comparable between all
groups (LMWH/fondaparinux vs. placebo, OR 1.65; 95 %
CI 0.8-3.4; LMWH/fondaparinux vs. UFH, OR 0.69; 95 %
CI 0.29-1.68; LMWH/fondaparinux vs. UFH or placebo,
OR 1.16;95 % CI10.66-2.04). Minor bleeding was increased
in the LMWH and fondaparinux groups compared with
placebo (OR 1.64; 95 % CI 1.18-2.29; p = 0.003). This
investigation showed that LMWH, fondaparinux, and UFH
are similar in effectiveness for the prevention of DVT, but
not PE, with similar risks in bleeding [44].

Enoxaparin and dalteparin are both widely utilized
agents for thromboprophylaxis that are supported by cur-
rent guidelines and clinicians. However, a disadvantage of
LWMH agents is the lack of reversal agents for bleeding
events. Protamine sulfate, an effective antidote for UFH-
related bleeding, has only been shown to neutralize the
anti-Xa activity of these agents at a maximum of 60 %
[10]. Choosing between enoxaparin and dalteparin can be
cumbersome, as these medications are extremely similar in
efficacy and safety. However, once an agent has been
chosen it is important to consider that dalteparin and
enoxaparin cannot be used interchangeably with UFH or
each other as they differ in anti-Xa: anti-Ila ratio: UFH 1:1,
dalteparin 2:1, enoxaparin 3:1 [8—10]. Each agent also
differs in manufacturing process, molecular weight distri-
bution, units and dosages [10]. Dalteparin may be more
favorable in patients with renal dysfunction and allows for
once-daily administration. Enoxaparin can be given as a
40 mg once-daily dose. Dose reduction to 30 mg once
daily is recommended in medically ill patients with a
CrCl <30 mL/min [10]. On the other hand, enoxaparin has
been more extensively studied in special populations such
as obesity, pregnancy, and elderly, but also in the
medically ill population. Institution-specific formularies
and protocol must also be considered when choosing be-
tween LMWH agents.
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3.4 Fondaparinux

ACCEP guidelines endorse the use of fondaparinux as a first-
line agent for thromboprophylaxis in medically ill patients
[17]. Less than a handful of case reports have described an
occurrence of HIT with fondaparinux, which has a
mechanism similar to that of LMWH [45-47]. It is indi-
cated for the treatment of DVT or PE when administered in
conjunction with warfarin [11]. The missing indication of
prophylaxis in medically ill patients is based on the limited
number of clinical trials showing benefit in this patient
population.

ARTEMIS (Arixtra for Thromboembolism Prevention
in a Medical Indications Study) was a major clinical trial
focusing on medically ill patients [48]. This study exam-
ined thromboprophylaxis in elderly hospitalized medically
ill patients receiving fondaparinux compared with placebo.
Any VTE (e.g., DVT, PE, symptomatic DVT, fatal PE,
non-fatal PE) was detected in 5.6 % of the fondaparinux
treatment arm and in 10.5 % of the placebo arm [relative
risk reduction (RRR) 46.7 %; 95 % CI 0.077-0.6983] with
significantly less symptomatic VTE in the fondaparinux
group (p = 0.029). Five fatal PEs occurred in the placebo
group as opposed to none in the fondaparinux group. No
difference in major bleeding or death was observed at
follow-up. These results indicated that fondaparinux is
effective for the prevention of VTE with a safety profile
similar to that of placebo [48].

Like the LMWHs, the most common adverse reaction
from fondaparinux is bleeding. Other less common side
effects include injection site reactions, anemia, insomnia,
hypokalemia, dizziness, hypotension, confusion, bullous
eruption, hematoma, and purpura. Fondaparinux is renally
eliminated and therefore should be avoided in patients with
renal dysfunction (CrCl <30 mL/min) and with a low body
weight (<50 kg), as the concentration of this medication
will accumulate in the body, increasing the risk of bleed-
ing. It has few drug—drug interactions, but caution should
be taken in patients on medications that increase the risk of
bleeding. Similarly, patients with bleeding disorders should
also use this agent with caution, as protamine sulfate and
other reversal agents are not effective when neutralizing
this agent during bleeding occurrence [11].

3.5 Rivaroxaban

Rivaroxaban is one of the two direct factor Xa inhibitors
that has recently been FDA approved for thromboprophy-
laxis following an initial 6 months of treatment for DVT
and/or PE. In medically ill patients, the MAGELLAN
(Multicenter, Randomized, Parallel Group Efficacy and
Safety Study for the Prevention of Venous Thromboem-
bolism in Hospitalized Acutely Il Medical Patients
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Comparing Rivaroxaban with Enoxaparin) trial showed
that extended-duration rivaroxaban was non-inferior to
standard of care (enoxaparin) for the prevention of VTE
(RR with rivaroxaban 0.97; 95 % CI 0.71-1.31; p = 0.003
for non-inferiority), but at the cost of an increased rate of
bleeding events (RR 2.3; 95 % CI 1.63-3.17; p < 0.001)
[49]. Patients were hospitalized for an acute medical illness
and received either oral rivaroxaban 10 mg for
35 £ 4 days and subcutaneous placebo for 10 £ 4 days or
subcutaneous enoxaparin 40 mg for 10 + 4 days and oral
placebo for 35 + 4 days. The patient population included
those with acute infectious or inflammatory diseases, in-
cluding rheumatic diseases, acute HF, acute respiratory
insufficiency, acute ischemic stroke, and active cancer. The
primary efficacy endpoints were the composite of asymp-
tomatic proximal DVT, symptomatic DVT, symptomatic
non-fatal PE, and VTE-related death at days 10 and day 35.
The primary safety outcome was the composite of treat-
ment-emergent major and non-major clinically relevant
bleeding events. At day 10, the primary efficacy endpoint
occurred at the same rate in both treatment arms (2.7 vs.
2.7 %, p = 0.0025 for non-inferiority). At day 35, the
primary efficacy endpoint occurred in 4.4 % of patients in
the rivaroxaban group and in 5.7 % of patients in the
enoxaparin followed by placebo group (p = 0.0211 for
superiority). Rates of clinically relevant bleeding events
were significantly higher in 2.8 % of patients receiving
rivaroxaban than in 1.2 % of patients receiving enoxaparin
(RR 2.3; 95 % CI 1.63-3.17; p < 0.001). Rates of other
adverse events, including liver and cardiovascular events,
and all-cause mortality were similar between treatment
regimens [49].

Bleeding events, including fatal intracranial bleeding,
and non-fatal intracranial, gastrointestinal, retroperitoneal,
intraocular, or organ bleeding, have been reported in >1 %
of patients treated with rivaroxaban. Dyspepsia, toothache,
fatigue, sinusitis, and urinary tract infections have also
been reported [12].

3.6 Apixaban

In 2014, the FDA approved apixaban for the treatment of
DVT and PE, and for the reduction in risk of recurrent
DVT and PE following initial therapy after 6 months of
treatment for DVT or PE [13, 50]. Approval was based on
the results shown in the AMPLIFY (Apixaban for the
Initial Management of Pulmonary Embolism and Deep-
Vein Thrombosis as First-Line Therapy) and AMPLIFY-
EXT (Apixaban after the Initial Management of Pulmonary
Embolism and Deep Vein Thrombosis with First-Line
Therapy—-Extended Treatment) studies that focused on
treatment for symptomatic DVT and/or PE patients [51,
52].  AMPLIFY demonstrated non-inferiority to
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enoxaparin/warfarin regarding recurrent symptomatic VTE
or VTE-related death over 6 months of therapy (RR 0.84;
95 % CI 0.60-1.18; p < 0.001) [51]. AMPLIFY-EXT
showed apixaban was superior to placebo in recurrent VTE
or all-cause death [52]. The AMPLIFY trial was associated
with significantly less bleeding in the apixaban treatment
arm (RR 0.31; 95 % CI 0.17-0.55; p < 0.001), whereas the
rate of major bleeding did not significantly differ in
AMPLIFY-EXT (RR 0.49; 95 % CI 0.09-2.64 and RR
0.25; 95 % CI 0.03-2.24 for apixaban 2.5 mg vs. placebo
and apixaban 5 mg vs. placebo, respectively) [51, 52].

The ADOPT (Apixaban Dosing to Optimize Protection
from Thrombosis) trial compared the efficacy and safety of
long-term thromboprophylaxis in acutely ill patients who
had CHF, respiratory failure, or other medical disorders
and at least one additional risk factor for VTE receiving
apixaban 2.5 mg twice daily versus enoxaparin 40 mg
daily [53]. Results showed that the primary efficacy end-
point of composite death related to VTE, PE, symptomatic
DVT, or asymptomatic proximal-leg DVT occurred in
2.71 % of the apixaban-treated patients and 3.06 % in the
enoxaparin group (relative risk with apixaban 0.87; 95 %
CI 0.62-1.23; p = 0.44). Over a timeframe of 1 month,
major bleeding had occurred in 0.47 % of the patients re-
ceiving apixaban and 0.19 % of patients receiving enoxa-
parin (relative risk 2.58; 95 % CI 1.02-7.24; p = 0.04).
Therefore, apixaban was not superior to enoxaparin therapy
and was found to have significantly more bleeding events
[53]. Interestingly, these results are very dissimilar to the
results found in patients with symptomatic DVT/PE.

Bleeding events, including epistaxis, hematuria, he-
matoma, and gingival bleeding, have been reported
in <4 % of patients treated with apixaban. Confusion has
also been reported as a rare side effect [13].

As mentioned earlier, the lack of drug—drug and drug—
food interactions, elimination of coagulation testing, and
fast onset of action makes the TSOACs desirable. How-
ever, in patients with a history of non-adherence to
medications, this class of medication may be less attractive
as their duration of action requires good compliance in
order to gain optimal coverage against VTE [12, 13]. Ad-
ditionally, there is no reversal agent for rivaroxaban or
apixaban when bleeding events occur. However, ongoing
phase II and III trials are investigating the safety and ef-
fectiveness of promising agents such as andexanet alfa
(PRT064445), a factor Xa inhibitor antidote [54, 55]. Ri-
varoxaban and apixaban have yet to show superior effec-
tiveness and safety compared with conventional therapy for
thromboprophylaxis in the medically ill population. The
rationale is unknown, as these agents have the same
mechanism of action and very similar pharmacokinetic and
pharmacodynamic profiles. Criticisms surrounding the de-
sign of the ADOPT trial that may provide some

explanation is that the trial was underpowered, making it
difficult for conclusions to be drawn. Also, compression
ultrasonography was used to screen for VTE at the time of
hospital discharge, which is not typically performed in
routine medically hospitalized patients. Despite the results
shown in the ADOPT trial, the event rates of VTE com-
pared with those in the EXCLAIM and MAGELLAN trials
were similar at 30 days, with 3, 5, and 6 % in the ADOPT,
EXCLAIM, and MAGELLAN trials, respectively. Re-
garding bleeding risks, the more recent MAGELLAN and
ADOPT trials highlight that major bleeding rates appear to
be lower with enoxaparin use compared with older trials,
such as EXCLAIM, demonstrating that enoxaparin is an
ideal comparator when comparing novel treatment options
and standard treatment for VTE prevention in medically ill
patients.

3.7 Current Clinical Guideline Recommendations

Recommendations for acutely ill hospitalized medical pa-
tients can be found in the ACCP or International Union of
Angiology (IUA) journals [17, 56]. The ACCP guidelines
recommend the implementation of thromboprophylaxis
with LMWH daily, UFH twice daily, UFH thrice daily, or
fondaparinux daily (grade 1B) in patients with an increased
risk of thrombosis. On the other hand, if a patient is at low
risk of thrombosis, the use of pharmacologic prophylaxis or
mechanical prophylaxis is not suggested (grade 1B). Ad-
ditionally, in patients who are actively bleeding or at a high
risk for bleeding, thromboprophylaxis is not recommended
(grade 1B). However, in patients actively bleeding, or at a
high risk for bleeding and at an increased risk of throm-
bosis, mechanical thromboprophylaxis with graduated
compression stockings or intermittent pneumatic com-
pression is recommended (grade 2C). If the bleeding risk
decreases over time, pharmacologic thromboprophylaxis
should be employed (grade 2B). The duration of the initial
course of therapy should not extend beyond the period of
immobilization or hospital stay (grade 2B) [17].

The TUA guidelines echo the ACCP recommendations
in stating that, in acutely ill medical patients, prophylaxis
with UFH 5000 units thrice daily or LMWH (enoxaparin
40 mg once daily or dalteparin 5000 units once daily) is
recommended in all patients who are deemed to require
thromboprophylaxis (grade A). In patients with suspected
or proven hemorrhagic stroke and in those with ischemic
stroke where the risks of prophylactic anticoagulant ther-
apy are perceived to outweigh the benefits, graduated
compression stockings or intermittent pneumatic com-
pression is recommended (grade B). These guidelines also
highlight that patients aged >40 years with acute medical
illness and/or reduced mobility should be considered for
prophylaxis if they also have one of the following
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morbidities: acute HF New York Heart Association
(NYHA) class III/IV, respiratory disease (respiratory fail-
ure with or without ventilation or exacerbation of respira-
tory disease), active cancer requiring therapy, acute
infective disease including severe infection and sepsis,
rheumatic disease, ischemic stroke, or acute myocardial
infarction. Patients with acute medical illness with reduced
mobility should also be considered for prophylaxis if they
also have one of the following risk factors: history of VTE,
malignant disease, or age over 75 years [56].

4 Future Outlooks

Information regarding the effectiveness and safety of
thromboprophylaxis in medically ill bedridden patients is
severely lacking, with enoxaparin providing the most data.
With contrary results for rivaroxaban and apixaban, studies
analyzing the medically ill patient population are desper-
ately needed for TSOACs in thromboprophylaxis. Overall,
there exists a major ‘hole’ in the present body of evidence
for LMWH and TSOAC for VTE treatment or thrombo-
prophylaxis in the acutely medically ill population. To
date, there is one completed, unpublished phase III clinical
trial looking at the efficacy and safety of thromboprophy-
laxis with certoparin, an LMWH, compared with UFH in
acutely ill non-surgical patients. This study is investigating
the incidence of DVT-, PE-, or VTE-related death over a
10-day treatment period. Hemorrhage and thrombocy-
topenia are also being evaluated [57]. This may help shed
more light on the use of LMWHs for thromboprophylaxis
in medically ill patients.

Pipeline medication, semuloparin (AVE5026, Mul-
sevo™; Sanofi), is part of a new generation of heparins
called the ultra-low-molecular-weight heparins (molecular
weight 2000-3000 Da). It is hemisynthetic and exhibits
novel anti-thrombotic properties, resulting in high affinity
against factor Xa and minimal activity against factor Ila.
Pharmacokinetic studies have shown that the agent’s half-
life is between 16 and 20 h, allowing for once-daily sub-
cutaneous administration. Similar to fondaparinux, it is
renally eliminated and not affected by the antidote, pro-
tamine sulfate. Presently, only one trial, SAVE-CEMED
(Evaluation of AVES5026 in the Prevention of Venous
Thromboembolism in Acutely Ill Medical Patients with
Restricted Mobility), has attempted to examine this agent
in medically ill patients. Unfortunately, this trial was ter-
minated early before recruitment was completed [58].

In clinical practice, underutilization of thromboprophy-
laxis has been a problem amongst the medically ill
population. The utilization of RAMs such as the Padua
Prediction Score, Geneva Risk Score, and the IMPROVE-
VTE risk calculator are part of a new shift in the medical
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field to better understand the risk-to-benefit ratio between
the development of VTE and bleeding, and to identify pa-
tients who should be pharmacologically managed. For the
first time, clinical trials are implementing RAMs to identify
high-risk medical patients [22]. The MARINER (Medically
I1l Patient Assessment of Rivaroxaban Versus Placebo in
Reducing Post-Discharge Venous Thrombo-Embolism
Risk) study is a phase III randomized, double-blinded trial
investigating the efficacy and safety of rivaroxaban 10 mg
or 7.5 mg compared with placebo in the prevention of
symptomatic VTE and VTE-related death in post-hospital-
discharge, high-risk, medically ill patients [59]. ‘High risk’
is defined in this study as a score of >3 using the
IMPROVE-VTE risk score. The co-primary outcomes in-
clude time from randomization to the first occurrence of
symptomatic VTE and VTE-related death up to day 45 and
time from randomization to the first occurrence of major
bleeding up to day 45 [59]. The APEX (Acute Medically I11
VTE Prevention with Extended Duration Betrixaban) study
is a phase III randomized, double-blinded trial evaluating
whether extended thromboprophylaxis with betrixaban
80 mg daily for 35-42 days is superior for the prevention of
VTE in hospitalized medically ill patients compared with
enoxaparin 40 mg daily for 10 days &+ 4 days [60]. High-
risk patients are included in this study and are identified
using elements of the Padua Prediction Score. The primary
outcome is the composite of VTE and VTE death through
35 days [60]. The results of these trials are expected to
emerge between June and September 2015.

5 Conclusion

This review article focused on the evidence-based medical
literature that has been produced in the last decade re-
garding the use of LMWHs and TSOACs for thrombo-
prophylaxis in medically ill patients. A major gap remains
in clinical trials and in the overall body of evidence dis-
cussing thromboprophylaxis in medically ill patients. This
is unfortunate, since recurrent VTE remains an ongoing
problem affecting thousands of people annually in the non-
surgical population. LMWHs continue to be first-line
therapy for thromboprophylaxis in medically ill patients.
Rivaroxaban is the only TSOAC to show favorable efficacy
in medically ill patients for thromboprophylaxis, but at the
risk of bleeding. With limited data, it is not likely that
TSOACs will soon replace LWMHs or even be considered
an alternative until efficacy and tolerability have been
established. Until further evidence is disclosed, LMWHSs
and fondaparinux (in the absence of renal dysfunction and
low body weight) as well as UFH should continue to be
utilized as first-line agents for thromboprophylaxis in
medically ill patients.
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