Review Article

Statins as a preventative therapy for venous thromboembolism
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Abstract: The anti-inflammatory effects of statins have likely not been used to their fullest extent,
particularly in reducing venous thromboembolic events. Current therapy for thrombotic events hinges
on anticoagulation via heparin, warfarin or new oral anticoagulants. Interventional procedures with
thrombectomy may also play a critical role. Unfortunately, thrombotic events can occur and recur despite
meticulous anticoagulation therapy. Venous thromboembolism (VTE) includes both deep vein thrombosis
(DVT) and pulmonary embolism (PE), two complicated and prevalent diseases that can cause chronic disease
states such as post-thrombotic syndrome (PTS). In 2009 the JUPITER trial demonstrated that rosuvastatin
may be effective when dealing with vascular inflammation by providing an anti-inflammatory effect. Multiple
subsequent studies have looked at this association with some promising findings. The mechanism of action
for statins is not entirely understood but there has been a variety of proposals and subsequent testing of
inflammatory biomarkers. Additional prospective trials are needed to confirm the possible benefit of VTE
reduction through an anti-inflammatory effect, but if this can be shown then statins may become a safe

adjunctive therapy for VI'E prevention.
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Introduction

Acute venous thromboembolism (VTE) presents as deep
vein thrombosis (DVT) and pulmonary embolism (PE).
These are widely prevalent diseases causing over a quarter
of a million deaths and affecting nearly 1 million people
annually (1). In Europe, one study estimated approximately
one third of a million VTE related mortalities occur
every year (2). VTE clearly has a significant impact on
healthcare costs, patient morbidity and patient mortality.
Acute VTE presents as an important time for mortality
prevention but the sequelae of thromboembolism can be
devastating as well. Chronic thrombosis presents different
challenges than acute VTE because of the often-systemic
nature of treatment. This includes managing the tradeoff
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between bleeding risk and clot stabilization, often by
systemic anticoagulation. Post-thrombotic syndrome (PTS)
is a feared long-term complication of DVT that carries a
high morbidity (3-5) and can affect somewhere between
23-60% of patients (6). Conventional care for acute VIE
involves initial treatment with heparin to prevent clot
extension and then supportive care. Subsequently, long term
anticoagulation with warfarin to prevent re-thrombosis,
embolic events, and PTS is implemented. With regards to
PE, lytic therapy can also be implemented to promote rapid
reduction in clot burden; however, this comes at the risk of
potentially life-threatening bleeding. Innovative treatments
involve mechanical thrombectomy and other interventional
procedures such as catheter directed thrombolytic therapy
which may lower the risk of bleeding as a lower dose
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of lytic can be utilized. Additionally, various new direct
oral anticoagulant agents (DOACs) such as rivaroxaban
and apixaban have been developed that provide various
benefits including less frequent monitoring for safe use (7).
Unfortunately, anticoagulation increases risks for minor
and major bleeding. In 2003, intracranial bleeds of 1.15%
per year and a mortality rate with major bleeds of 13% was
reported (8). More recent meta-analysis in 2012 showed a
major bleed rate on warfarin of 4.7% while a cohort study
published in 2016 revealed a combined rate of bleeding with
dabigatran or warfarin of 4.6% (9,10). New therapy with
DOAC:s has also improved bleeding rates over warfarin,
potentially decreased by half (RR of 0.55) (11). Still,
effective treatment for VTE is complicated and in need of
additional therapies.

The JUPITER study was a randomized controlled trial
in 2009 that linked rosuvastatin use with decreased VI'E
events in patients with elevated C-reactive protein (CRP),
put statins on the map for possible adjunctive therapy (12).
Specifically, the study looked at 17,802 patients with normal
levels of low density lipoprotein cholesterol (LDL-C) levels
and elevated CRP levels and found that patients who used
rosuvastatin had significantly decreased rates of DV'T.

The mechanism of action of statins and its prevention
of thrombosis has not been well elucidated but multiple
mechanisms have been proposed. Decreasing tissue factor
(TF) (13,14), plasminogen activator inhibitor-1 (PAI-1)
(14,15), and increased tissue plasminogen activator (tPA)
expression, decreased platelet aggregation and increased
thrombomodulin expression (14-16) are included among
these propositions. A clear benefit for statins in the context
of current therapy is a low risk profile that doesn’t increase
bleeding making it available for use in conjunction with
current standard of care.

PE
About 60-100 thousand Americans die of VTE in a year (17).

Unfortunately, death occurs in 1 out of every 4 patients
with PE before ever reaching help while 1 in 3 of the other
patients will have a recurrence in the subsequent 10 years (17).
Shock secondary to severe pulmonary hypertension or right
heart failure are terrible prognosticators for mortality in
patients with massive PE. Treatment rapidly becomes gentle
IV fluids if hypotensive with respect to right ventricular
strain, boosting cardiac inotropy, respiratory support
and anticoagulation with consideration of mechanical
thrombectomy or thrombolytics. Warfarin, unfractionated
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heparin, and low molecular weight heparin have been
consistently used for treatment of thrombosis and emboli.
Newer anticoagulants include direct factor Xa inhibitors
(rivaroxaban and apixaban for example) and direct thrombin
inhibitors (dabigatran). These therapies may eventually
replace older therapies as techniques for reversal and
additional trials become readily available. Aspirin has been
shown to be effective in preventing arterial thrombosis but
has been found lacking when tested with venous disease (17).
Thrombolysis is a tool reserved for patients with immediate
life-threatening hypotension because of the potential
for inducing catastrophic intracranial hemorrhage. The
PEITHO study demonstrated significantly increased risk
of intracranial bleeding with thrombolytic therapy when
compared to controls (18). Available data suggests that
patients over the age of 75 years should only be treated
when the benefits clearly outweigh the increased risk of
intracranial bleeding, a non-trivial assessment (17).

Long term adverse events after acute PE include
recurrence, chronic thromboembolic pulmonary
hypertension (CTEPH) and arterial thrombotic events.
Recurrent VTE is the most common among these adverse
events occurring at a rate of 22% within the first 5 years,
worse in patients with unprovoked events (19). There are
multiple risk factors, but interestingly elevated D-dimer
levels after stopping anticoagulation is related and relevant
for statin therapy (19). CTEPH is much less common
and concentrated within the first two years after an event,
possibly a target time frame for intensive therapy (19).
Preventing PE recurrence may help to prevent CTEPH as
recurrence is a risk factor for its development (19). Arterial
thrombotic events are likely related to atherosclerotic risk
factors of which statins have a clear role.

Inflammation and DVT

Genetic factors related to hypercoagulable states should also
be addressed as they may significantly contribute to VITE
events (20). Genetic factor XI variants are associated with
increased first time VTE (21). Risk factors are not always
associated with VTE in isolation and further understanding
of their interactions can lead to better targeted treatments.
The valve pocket sinus is an area prone to thrombosis
likely related to multiple factors including hypoxia and
altered flow, illustrated in Figure 1. Endothelial cells in
this area may be activated by hypoxia or an inflammatory
stimulus that triggers the thrombosis cascade (22). It is
not clear exactly how this cascade is triggered, however
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Figure 1 The valve pocket sinus has been proposed as an area

prone to hypoxia and subsequent thrombosis (22). This effect may
be due to the flow dynamics of the pocket created by the valve
leaflets and the swirling effect of red blood cells unable to escape

the flow for re-oxygenation.

it has been proposed that P-selectin, E-selectin and von
Willebrand factor (vWF) on the endothelium induce
circulating leukocytes, microvesicles (small membrane
vesicles released from activated cells) and platelets to express
TF which then continues onward (22).

Multiple biomarkers have been implicated in increasing
the risk of thrombosis: interleukin 6 (IL-6), interleukin 8
(IL-8), P-selectin, monocyte chemotactic protein 1 (MCP-1),
tumor necrosis factor alpha (TNF-alpha) and CRP. IL-6,
IL-8 and CRP were shown to be elevated on the first day
of admission for patients with DVT (23). Specifically for
recurrent DV, IL-6, IL-8 and MCP-1 were increased after
the patient experienced an initial thrombotic event (24).
In a primate model of DVT, TNF-alpha was shown to
be elevated (25) while inhibition of TNF-alpha lead to a
reduction in thrombosis in another rat model (26). Many
studies have been performed attempting to elucidate
the effects of VIE on cells and signaling as well as post
thrombotic syndrome, venous inflammation and thrombus
resolution (26-29).

There is some evidence that CRP might be involved
at the onset of VI'E. CRP interacts with coagulation
activation, platelets and blocking fibrinolytics (30). As such,
it could be a good target to reduce to prevent thrombosis.
Further evidence is needed, however, to establish which
comes first, thrombosis or inflammation (30). Not all
studies agree on active biomarkers in thrombosis: 1L-6,
MCP-1 and hs-CRP were also shown to have no correlation
with thrombosis (31,32).
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Statins and inflammation

Statin use has been associated with numerous biomarkers
which may give a clue to how statins affect the inflammatory
process. Statins have been associated with reduction in CRP,
IL-6, IL-8, MCP-1 and PAI-1 as well as increased levels of
endothelial nitric oxide synthase (eNOS), thrombomodulin,
and apolipoprotein Al (33-39). Basic science studies show
that statins have an active anti-inflammatory effect with
associated decreases in biomarkers that affect multiple cell
lines including hepatocytes, human aortic endothelial cells,
and human umbilical vein endothelial cells (33,35,37,38).

CRP is a complicated inflammatory marker that has
shown mixed responses in studies with statin use. The
majority of studies show statin use correlates with a
decreased level of CRP (33-38,40) while others show no
effect at all (41). The randomized double-blind pravastatin
inflammation and CRP evaluation (PRINCE) study in 2001
with 2,884 participants showed that pravastatin significantly
reduced CRP levels in an LDL-independent manner (42).
High sensitivity CRP (hsCRP) is often used as a marker
of inflammation and is associated with atherosclerosis as
well as venous thrombosis. It is also correlated with higher
levels of factor VIIIL. Despite this, hsCRP does not appear
to be a driving factor of thrombus formation (43). It is also
not clear the ordering of VI'E and inflammation despite
an association between the two. A small study with 26
patients who had venous thrombosis found that a 3-day
administration of atorvastatin reduced inflammation by
reduced IL-6, IL.-8 and soluble P-selectin, and increased
IL-10 (an anti-inflammatory molecule) while not causing
an effect on hsCRP. The study indicated that statin anti-
inflammatory action likely drives in part the reduction in
venous thrombosis despite no change to hsCRP (41).

In an analysis of the multi-ethnic study of atherosclerosis
(MESA) of over 6,000 patients, statin use was associated
with lower levels of D-dimer, CRP and factor VIII; higher
fibrinogen and PAI-1 levels were also observed (40). Despite
this, decreased factor VIII levels are likely not the cause of
statins’ effect on VTE (40).

It is possible that statins’ effects are due to effects on
lipid levels and blood coagulation parameters rather than
an anti-inflammatory mechanism. Murine models support
statin’s effect on thrombus burden and vein wall scarring
directly rather than indirectly through lipid modulation (44).
This study in 2015 on 282 mice showed reductions in
thrombus PAI-1, TE, neutrophils, myeloperoxidase (MPO),
neutrophil extracellular traps (NE'Ts) and macrophages (44).

Cardiovasc Diagn Ther 2017;7(Suppl 3):5207-S218



S$210

In another murine based study, rosuvastatin reduced DVT
in ApoE gene deleted mice with hyperlipidemia through
decreased neutrophil migration and decreased plasma levels
of PAI-1 and molecules related to I1.-6 (45).

Direct antiplatelet effects may also contribute to
the mechanism of reducing venous thrombosis. Blood
from statin-treated mice significantly reduced platelet
aggregation supporting some mechanism of direct action
against platelets (44). Statins may have antiplatelet effects
by interfering with redox signaling (46). Statins may exert
this effect by NADPH oxidase downregulation (47).
Inhibition of NOX2 activation causes downstream effects
via platelet thromboxane A2 (TxA2) and 8-iso-PGF2alpha
formation (47). In vitro studies support this idea with
mechanisms that include TxA2 (43), however, the Statins
Reduce Thrombophilia trial (START) investigated the
effect of rosuvastatin on TxA2-mediated platelet activation
and found that it is unlikely that this is the etiology (43).
Another mechanism may involve peroxisome proliferator
activated receptors that are involved in inflammatory
responses (47). A randomized controlled trial with 50
patients compared rosuvastatin versus no intervention on
the effects of thromboxane-mediated platelet aggregation
ex vivo. Rosuvastatin did not change platelet reactivity under
these conditions (48). The atorvastatin and thrombogenicity
of carotid atherosclerotic plaque (ATROCAP) study
showed statins reduce TF activity as well as macrophage
infiltration of vessels which decreases cell-mediated
thrombin generation (42). Daily atorvastatin or rosuvastatin
has significantly reduced venous stasis thrombus burden
by 25% (44). Statins also reduced DVT-induced vein
wall scarring, a precursor to PTS (44). Statins inhibit the
mevalonate pathway, particularly the isoprenylation of
signaling proteins which may downregulate coagulation and
platelet function (49).

Another promising avenue of research in the
underpinnings of statin anti-inflammatory mechanism
lies in TF and its expression on microvesicles. Proposed
mechanisms for antithrombotic activity include decreased
expression of TF, procoagulant microparticles and
alteration of clotting factor such as factor V, thrombin
and TF pathway inhibitors (50). Simvastatin has been
shown to reduce peripheral blood TF expression and TF-
positive microvesicles in hyperlipidemic monkeys (22). This
suggests that statin’s anticoagulant activity may be mediated
in part by inhibition of monocyte TF expression (22).
Experimental studies show promise in microparticles
with TF as a clue to hypercoagulability in cancer and that
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statins have a role in lowering the number of circulating
TF positive microparticles (50). Rho-associated coiled-
coil-containing protein kinase (ROCK), a protein involved
in membrane trafficking, has been shown to decrease with
statin use (50). The MicroSTAT trial observed a significant
reduction in circulating TF bearing microparticles with
administration of rosuvastatin; however this is unclear if it is
a clinically significant reduction (50). Prostate cancer causes
a pro-thrombotic state by releasing TF bearing cholesterol
rich prostasomes and statins have been shown to decrease
the levels of circulating TF-bearing prostasomes (51).

Some studies have looked at how statins may affect
clot structure and ease of lysis. It has been shown that
idiopathic VTE can be characterized by lower plasma
fibrin clot permeability, thicker fibers and prolonged clot
lysis time making this a potential target for treatment (52).
Studies that demonstrate rapid alterations in fibrin clot
structure/function with statin use have not had consistent
outcomes (43). vVWEF and D-dimer may be affected by statin
therapy but the studies are poor (43). Interestingly, statins
protect against cigarette smoke extract induced fibrinolytic
malfunction (53). Atorvastatin, in a small study of
28 first time VTE patients, has been shown to increase clot
permeability and susceptibility to lysis when given for three
days following VTE (54) (1able I).

Statins and VTE

Multiple studies have concluded that statin use is associated
with decreased rates of VTE (12,56-61). The JUPITER
trial, with a broad selection of patients, showed that
patients who took rosuvastatin daily versus those who took
placebo were associated with a significant decrease in VTE
events. Statins may provide an odds ratio (OR) of 0.73 as a
reduction of VTE (62), a decrease in proximal leg DVT (63)
and a reduced incidence of first occurrences (64). Nearly
1 million postmenopausal women with 23,505 cases of
VTE were analyzed in a study that found that current use
of statins was associated with decreased risk of VTE with an
OR of 0.83 (65). This retrospective cohort study of 127,822
subjects included 1,375 VTE cases and demonstrated a
correlation with simvastatin use and the risk of first ever
idiopathic VTE (66). A recent Cochrane review evaluated
the evidence of statins for primary prevention of VITE
and drew the conclusion that while the available evidence
suggests that rosuvastatin was associated with reduced
incidence, the number of randomly controlled trials was
lacking and the evidence was not of enough quantity to
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Table 1 Proposed mechanisms of statin effects

Inflammation in thrombosis
IL-6 (19)
IL-8 (19)
P-selectin (18)
MCP-1 (18)
TNF-alpha (21)
CRP (19)
D-dimer
Statins and biomarkers
IL-6 (31)
IL-8 (31)
P-selectin (38)
MCP-1 (31)
CRP (32)
eNOS
Thrombomodulin (55)
Apolipoprotein A1
D-dimer
PAI-1 (37)
TF (42)
MPO (42)
Statin antiplatelet effects
Redox signaling interference (44)
NADPH oxidase downregulation (45)
Thromboxane A2 Inhibition (45)
Peroxisome proliferator activated receptors (40)
Decreased macrophage infiltration (42)
Vein wall scarring (42)
Inhibition of mevalonate pathway (48)
Statins and microvesicles
TF inhibition (18)
Procoagulant microparticle inhibition (48)
Factor V inhibition (48)
Statins and clot structure
Alterations of fibrin clot structure (41)
Increased clot permeability (52)
Increased susceptibility to lysis (52)
Other
Nets (42)

Valve pocket sinus (18)

IL-6, interleukin 6; IL-8, interleukin 8; MCP-1, monocyte chemotactic
protein 1; TNF-alpha, tumor necrosis factor alpha; CRP, C-reactive
protein; PAI-1, plasminogen activator inhibitor-1; TF, tissue factor;
MPO , myeloperoxidase; Nets, neutrophil extracellular traps; eNOS,
endothelial nitric oxide synthase.
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Figure 2 Summary listing of the markers and pathways that

have been proposed and evaluated in studies that may address
the pathophysiology and mechanism of action of thrombus
formation and statins. IL-6, interleukin 6; IL-8, interleukin 8;
MCP-1, monocyte chemotactic protein 1; CRP, C-reactive protein;
PAI-1, plasminogen activator inhibitor-1; TE, tissue factor; Nets,

neutrophil extracellular traps; eNOS, endothelial nitric oxide synthase.

make clinical changes (67). Other analyses have drawn
similar conclusions (42) (Figure 2).

Other studies have looked at statin use in selected
subgroups of patients which may also help to elucidate the
mechanism of action. Post-menopausal women, patients
with solid organ tumors, as well as patients with recurrent
DVT have been targeted (56-58,60,61). Statin and ASA
use was associated with decreased peripherally inserted
central catheter (PICC) related DVT in one case control
study with 909 hospitalized patients (68). Cancer patients
in general, due to the increased risk of thrombotic events,
may benefit from statin use (69). This retrospective study
of 1,746 patients with ovarian cancer, however, found no
association with statin use and risk for VI'E possibly due
to alternative mechanisms of thrombosis induced by the
cancer or by insufficient doses (70). The PROSPER trial
studied pravastatin effects on the risk of coronary and
cerebrovascular disease in elderly individuals but additional
studies showed no association with statins and reduced
VTE events (71). Additionally, no blood markers could
be found that was predictive of VTE (71). Nephrotic
syndrome is a known risk factor for VIT'E but no routine
preventive measures are taken. This study analyzed if statin
use could be used to lower the risk of VTE in these patients
and found that there was a statistically significant preventive
effect (72). Statins may be used to attenuate the increased
risk of VIE from hormone therapy but this finding needs
further confirmation (65). Given the increased risk of
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thrombosis related to surgical procedures, preoperative use
of statins in non-cardiac surgical settings has been looked
at. A retrospective study involving 7,777 patients showed a
decrease in major complications with an OR of 0.41 (73).
One study with a little over 700 patients showed no
associated between statin therapy and VTE in ICU patients
through a reanalysis of prospective cohort study patients (74).
The Breast Cancer in Northern Israel Study is a case-
control study that enrolled 3,585 patients with breast
cancer who experienced 261 VTE events. After multivariate
analysis, statins were not found to provide reduced risk of
VTE (75).

Differences among statin types has not been well studied,
but one case control study did suggest that differences may
exist by showing that pravastatin had a greater effect of
reducing DVT events than simvastatin (60). A meta-analysis
of data up to 2012 aggregated almost 150 thousand patients
when comparing statins with no statin treatments as well as
high dose versus standard dose statin therapy. It concluded
that while a positive protective effect against VTE exists, it
is mild and low dose therapy was not significantly different
than high dose therapy (76). In contradiction to this, hazard
ratios for VTE events for high dose statin therapy has been
reported at 0.25 and low dose at 0.38 (77). Combined statin
and antiplatelet therapy may provide a synergistic effect (77)
(Tible 2).

Statins and recurrent VTE

Statins have also been shown to be beneficial in preventing
recurrent VT'E, possibly by reducing thrombus burden
after the initial event while continuing to provide anti-
inflammatory effects. No randomized prospective trials have
been completed looking at statins effects on recurrent VI'E
but multiple studies suggest this effect. Statins were shown
to be a protective factor when examining patients for residual
thrombotic occlusion on follow up (78). Statin use was
associated with reduced VTE recurrence in a retrospective
case-control study involving 27,862 patients in Denmark (79).
The largest effect was observed for recurrent DVT. A large
study on elderly patients in Canada with a history of VTE
(25,681 patient) showed that statin use was associated with
decreased risk of recurrent VI'E by approximately half (80).
Another study with 2,798 patients with a prior VTE
showed statin use was associated with a 26% lower risk of
recurrent VI even when subdivided to eliminate patients
with cardiovascular disease (81). When statin treatment
was assessed relative to vitamin K antagonist use, statins
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continued to show benefit regardless of VKA use (82).
Secondary analysis of the EINSTEIN DVT/PE study found
statin use suggested a reduced risk of recurrent VI'E but
could not be conclusive (83).

In this study, age may play a role in statins effect on
preventing VTE recurrence: 44,330 patients with VTE
were studied in Denmark and found that statin use was
overall associated with a significantly lower risk of recurrent
VTE compared with no statin use (84). Surprisingly,
younger patients made up the majority of the lower risk
group while elderly individuals, greater than 80 years of age,
had an opposite correlation with statin use associated with
increased VT'E events (84).

Not all studies found supported statins as a preventive
method for recurrence. Multivariate analysis in 432
patients after discontinuing anticoagulation did not find an
association with statin use and decreased VTE (85).

Statins and post thrombotic syndrome

Despite standard anticoagulation therapy, 20-100% of patients
over a 10-year period after DVT will develop PTS (6).
Additional treatment options are clearly needed. One basic
science study in 2015 looked at the effect of statins on
decreasing thrombus burden and decreasing vein wall injury
in mice. These two features were targeted as they are known
mediators of post thrombotic syndrome. This study showed
that with daily atorvastatin or rosuvastatin treatment,
venous thrombus burden was reduced by 25% without
changing lipid levels, coagulation parameters or blood cell
counts promoting statins as the causative effect (44). Given
this finding, statins may influence PTS incidence.

An additional study with 234 patients randomized to
heparin or heparin and statin therapy after DVT found
that there was a significant decrease in post thrombotic
syndrome in the rosuvastatin group (38.3% vs. 48.5%) (86).

Discussion

Statin therapy almost certainly has an active anti-
inflammatory component that contributes to decreased
thrombus formation. The precise mechanism of action
is not quite clear but multiple biomarkers have been
shown to be affected by statin therapy as well as associated
with thrombus formation and resolution. The focus of
basic research has been on inflammatory markers and
signaling using IL-6, IL-8, P-selectin, MCP-1, TNF-
alpha and CRP. IL-6, a known regulator of acute phase
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Year Title Patients  Statin Statin use outcome

2016 Effects of rosuvastatin as an adjuvant treatment for deep vein 234 Rosuvastatin  Decreased CRP levels and
thrombosis decreased PTS incidence

2016 The association of statin therapy with the risk of recurrent 2,798 Multiple Decreased recurrent VTE by 26%
venous thrombosis

2016 Platelet reactivity in patients with venous thrombosis who use 50 Rosuvastatin  No effect on platelet reactivity
rosuvastatin: a randomized controlled clinical trial

2016 Use of statins and reduced risk of recurrence of VTE in an 25,681 Multiple Decreased recurrent VTE by 26%
older population. A population-based cohort study

2015 Is lipid lowering therapy an independent risk factor for venous 2,878 Multiple Lipid lowering therapy (statin +
thromboembolism? A population-based case-control study non-statin) decreased VTE

2015 Patterns, risk factors and treatment associated with PICC- 909 Multiple Decreased PICC associated DVT
DVT in hospitalized adults: A nested case-control study

2014 Concurrent use of statins and hormone therapy and risk of 955,582 Multiple Decreased VTE regardless of
venous thromboembolism in postmenopausal women: a hormone therapy
population-based case-control study

2014 Perioperative pleiotropic statin effects in general surgery 7,777 Multiple Decreased perioperative VTE

2014 The association of statin use with reduced incidence of 8,082 Multiple Decreased VTE with relative risk of
venous thromboembolism: a population-based cohort study 0.60

2014 Statins are associated with low risk of venous 1,434 Multiple Decreased VTE in cancer patients
thromboembolism in patients with cancer: a prospective and
observational cohort study

2014 Statin use and venous thromboembolism recurrence: a 27,862 Multiple Decreased recurrent VTE; high
combined nationwide cohort and nested case-control study potency with more effect

2014 Statins, aspirin and risk of venous thromboembolic events in 3,585 Multiple No change in VTE in breast cancer
breast cancer patients patients

2014 Statins, aspirin and risk of thromboembolic events in ovarian 1,746 Multiple No change in VTE in ovarian
cancer patients cancer patients

2014 Influence of statin use on the incidence of recurrent venous 9,468 Multiple Decreased VTE by 24%
thromboembolism and major bleeding in patients receiving
rivaroxaban or standard anticoagulant therapy

2013 The association between statin therapy during intensive care 798 Multiple No change in VTE in ICU patients
unit stay and the incidence of venous thromboembolism: a
propensity score-adjusted analysis

2013 Statin treatment and the risk of recurrent pulmonary embolism 3,093 Multiple Decreased PE by 50%

2013 Statin treatment and risk of recurrent venous 44,330 Multiple Decreased recurrent VTE by 26%

thromboembolism: a nationwide cohort study

VTE, venous thromboembolism; CRP, C-reactive protein; PTS, post-thrombotic syndrome; PICC, peripherally inserted central catheter;
DVT, deep venous thrombosis; PE, pulmonary embolism.

response activation, has been frequently studied. Additional
mechanisms of action for statin therapy that are enticing
explanations for reduction in VTE include reductions in
TF, particularly embedded on microvesicles, as well as
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targeted action against platelet activity, NETS, or thrombus
binding strength. It is important to continue to evaluate
the underlying principles of thrombus and embolus
formation not only to verify statin action mechanisms but to
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understand the relationship other therapies might have with
statin therapy and new developments.

Current evidence seems to indicate that general use of
statins for primary prophylaxis of VTE is not well supported.
The findings from the meta-analysis conducted by Rahimi
et al. which included 29 trials and 150,000 patients are
significant (76). The authors concluded that statins likely
affect VT'E events but the effect has not been shown
to be as high as previously thought. The meta-analysis
used a variety of randomized controlled trials evaluating
statin use against controls but evaluating other primary
outcomes such as cholesterol levels or coronary vascular
disease as end points. VTE event data was gathered for
safety purposes but yielded additional research benefit.
The promises of statins as substantial in preventing VTE
events appears to have not panned out. This may be too
early to conclude, however, given the multiple studies
prior and the still modest effect seen in the meta-analysis
of potentially up to 1/5 reduction. Statin adherence may
have played a role in the outcome as statins are well known
to cause myopathy (85). Ten percent of patients on stains
report statin-induced myopathy and up to one third of these
decide to discontinue statins due to this (55,87). One study
showed that up to half of patients stop treatment within
6 months but found that the risk of VITE was 19% lower
in the most adherent group compared to the least adherent
group (66). For now, it is likely that statins provide a benefit
in reducing VTE risk but the effect is likely more modest
than previously hoped and insufficient data is available to
evaluate the risks and benefits for primary preventative
therapy.

Secondary VTE prevention may be a better target
for statin therapy for multiple reasons. The patient base
is narrowed and more easily defined. Higher rates of
thrombosis are seen in the setting of a history of prior
thrombosis and may provide a more accurately measurable
relationship as well as improved patient care. Retrospective
analysis of patients in Denmark up to 2009 showed a
significantly decreased risk of recurrent VTE (84). In
another study a reduction of 28% was seen for recurrent
VTE with a stronger effect for high potency statins (79). A
significant effort should be made to evaluate these outcomes
in a randomized controlled trial that can bring clinical
change if results are positive.

Statins have evidence to suggest that their use can safely
decrease the incidence and recurrence of VTE. Multiple
statins including pravastatin, simvastatin, atorvastatin,
rosuvastatin and more have been studied often without inter-
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statin comparisons. A few studies have been done but not
to a sufficient level to make strong conclusions. Simvastatin
may be more effective than atorvastatin while pravastatin
may be more effective than simvastatin when evaluating for
preventing DVT (59,77). Simvastatin may be more effective
than pravastatin in postmenopausal women (56). Directed
effort to elucidate types and potency of statins during trials
should take place to clarify these outcomes.

Post thrombotic syndrome is a dreaded complication
of VT'E which has a limited set of treatments. Adding
statin therapy as another mechanism for prevention of
developing post thrombotic syndrome would be a boon
for patient outcomes. There are few studies specifically
evaluating post thrombotic syndrome incidence after
VTE treated with statins but the published data was
an encouraging finding for continued evaluation.
Clearly more directed studies toward post thrombotic
syndrome are needed to confirm these outcomes, evaluate
intervention strategies and clarify the pathophysiology and
mechanism of action.

In summary, statins have a growing body of evidence that
is yet indeterminate on the true effects on VTE. Earlier
studies promised great outcomes but more recent studies
and analysis of randomized controlled trials have slowed
enthusiasm. Potential still exists for targeted therapy in
recurrent VI'E and complications of thrombosis, potentially
as adjunctive therapy with anticoagulation or as prevention
of post thrombotic syndrome. Multiple theories have been
proposed and partially evaluated for the mechanism of action
of statins and the pathophysiology of thrombosis including a
variety of biomarkers, antiplatelet and anti-thrombotic effects,
reduction of microvesicles, etc. Statins have been well studied
in terms of cardiovascular risk and safety profile and offer
no significant interaction with standard of care for acute and
chronic VTE. Unfortunately, more clinical studies need to be
done and replicated, particularly prospective trials evaluating
complications such as recurrence as well as synergistic effects
on current treatment methodologies. This will lead to
confidence in the proposed outcomes and generalizability.
Many clinical questions need to be answered including
outcomes across types of statins, dosing regimens, length of
therapy if statins are to be used for another clinical indication.
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