
Antithrombotic therapies in patients with prosthetic heart valves:
guidelines translated for the clinician

Tiago L. L. Leiria • Renato D. Lopes •

Judson B. Williams • Jason N. Katz •

Renato A. K. Kalil • John H. Alexander

Published online: 15 February 2011

� Springer Science+Business Media, LLC 2011

Abstract Patients with prosthetic heart valves require

chronic oral anticoagulation. In this clinical scenario,

physicians must be mindful of the thromboembolic and

bleeding risks related to chronic anticoagulant therapy.

Currently, only vitamin K antagonists are approved for this

indication. This paper reviews the main heart valve

guidelines focusing on the use of oral anticoagulation in

these patients.
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Valvular heart disease continues to have a significant

societal impact [1]. Every year in North America,

approximately 100,000 patients undergo valve replacement

procedures [1], with rheumatic and degenerative valve

disease representing the most common indications for

intervention. Excluding homografts, there are currently

three types of commercially available valvular prostheses:

mechanical valves, bioprosthetic valves, and transcatheter

valves which were recently approved for endovascular

implantation (e.g., Edwards Sapien and Medtronic

CoreValve). The estimated risk of a thromboembolic event

depends on the type of prosthesis and its anatomical

position (aortic, mitral, or tricuspid). Patients with

mechanical valves are at high risk for thromboembolic

events, necessitating the use of vitamin K antagonists

(VKAs). Patients with bioprosthetic valves are often trea-

ted with systemic anticoagulation for a shorter period of

time following implantation. For valves placed endovas-

cularly, the current major society guidelines do not con-

sider these devices because they were not approved for

clinical use at the time the guidelines were developed.

However, recently published data from the PARTNER

trial, an evaluation of transcatheter valves in patients at

high operative risk for traditional aortic valve replacement,

suggest that dual antiplatelet therapy (aspirin and clopi-

dogrel) for 6 months after the procedure may be sufficient

for prevention of thromboembolic events [2].

VKAs are the principal category of oral anticoagulants.

Their clinical use dates back to the early 1940s [3]. In

North America, warfarin is the sole representative of this

class of drugs. Phenprocoumon, fluindione, and aceno-

coumarol are widely used in South America and Europe.

The anticoagulant effects of VKAs are due to inhibition of

vitamin K-dependent gamma-carboxylation of coagulation

factors II, VII, IX, and X. The main difference among these

compounds is their half-life, which is shortest with ace-

nocoumarol, intermediate with warfarin and fluindione,
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and longest with phenprocoumon. There are no large trials

comparing the efficacy of these drugs; however, small

studies suggest that warfarin may be better than aceno-

coumarol in avoiding excessive anticoagulation and its

sequelae [4]. Phenprocoumon seems to confer better

international normalized ratio (INR) stability during patient

follow-up when compared with warfarin or acenocoumarol

[5, 6]. In addition to better stability, phenprocoumon has

also recently been associated with fewer bleeding episodes

than warfarin [7].

There are no universal dosage recommendations for

VKAs, but rather each patient should have their therapy

tailored via serial INR monitoring. The prospective, ran-

domized SPORTIF II (Stroke Prevention Using Oral

Thrombin Inhibitor in Atrial Fibrillation) trial showed that

atrial fibrillation patients had INRs that were in the thera-

peutic range only 44% of the time during the first 12 weeks

of therapy [8]. Recent pharmacogenetic studies have shed

some light on the often marked individual response vari-

ability associated with VKAs [9–11]. VKAs are also

known to have large and variable interactions with food

and other drugs. Thus, the management of oral anticoag-

ulation remains a challenge for both the clinician and

patient.

In this paper, we review the current evidence and

guidelines for antithrombotic therapy in patients with

prosthetic heart valves.

Estimating individual bleeding risk

Before the implantation of an artificial heart valve, it is

crucial to estimate the individual risk of bleeding.

Mechanical heart valves are highly thrombogenic, and

require a lifelong commitment to anticoagulant therapy.

Several risk scores have been developed to help predict

bleeding events [12, 13]; however, most of these scoring

systems were created to assess bleeding risk in patients

with atrial fibrillation and have not been validated in sub-

jects with valvular heart disease alone. Age is by far the

strongest predictor of hemorrhage [14, 15]. The risk of

bleeding appears to steadily increase once a patient is

[75 years old. Pharmacogenetic factors also seem to

influence the risk of bleeding during anticoagulant therapy;

in particular, polymorphisms of the cytochrome P450

CYP2C9 enzyme seem to confer greater risk [10]. The

greater likelihood of bleeding is associated with the

CYP2C9*2 and CYP2C9*3 alleles, which require lower

mean daily warfarin dosing. Also, variation in the genes

coding for vitamin K epoxide reductase (VKORC1) have

been associated with hemorrhagic risk [9, 11]. Other

comorbidities such as chronic kidney disease, previous

gastrointestinal bleeding, anemia, and previous stroke or

myocardial infarction have all been independently associ-

ated with major bleeding events [16] and led to the

development of the Outpatient Bleeding Risk Index, a risk-

scoring system. The Outpatient Bleeding Risk Index has

been prospectively validated and is often a useful tool for

helping to guide clinician decision making (Table 1). In

general, the incidence of major bleeding in patients with

mechanical valves treated with warfarin, or its derivatives,

is approximately 1.4 per 100 patient-years [17, 18].

Risk of thromboembolism

It is important to remember that each type of prosthetic

heart valve has its own thrombogenicity profile. Mechan-

ical heart valves have a significantly greater risk of

thromboembolic phenomena compared with bioprosthetic

valves. There are three basic types of mechanical valves:

caged-ball, tilting-disk, and bileaflet valves. Their indi-

vidual thrombogenicity is directly related to the materials

and engineering characteristics of each design [19]. The

caged-ball valve is the most thrombogenic, while bileaflet

implants have lower thrombotic risk.

The risk of thrombosis is also directly related to valve

position. Valves placed in the mitral position have an

increased risk of thromboembolic complications as com-

pared with those implanted in the aortic position [17]. This

likely occurs due to higher blood flow velocity at the aortic

valve orifice.

Bioprosthetic valves are heterografts made primarily of

porcine or bovine tissue, each with comparable risks of

thromboembolism. Homografts are either preserved human

aortic valves or pulmonary autografts, usually implanted in

the aortic position. It is generally believed that homografts

and autografts have very low thrombogenicity and do not

require systemic anticoagulation [20].

The incidence of major embolism (defined as causing

death, residual neurologic deficit, or peripheral ischemia

Table 1 Outpatient bleeding risk index

1. Bleeding risk factors Points assigned

Age C65 years 1

History of stroke 1

History of gastrointestinal bleeding 1

Recent MI or Hct\30% or SCr[1.5 mg/dl

or Diabetes mellitus

1 point maximum if any

is checked

2. Bleeding risk group Total points assigned

Low 0 = 3%/year

Intermediate 1–2 = 12%/year

High 3–4 = 48%/year

MI myocardial infarction, Hct hematocrit, SCr serum creatinine

Adapted from Am J Med 1998;105:91–99 [15]
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requiring surgery) in the absence of antithrombotic therapy

for patients with mechanical valves has been suggested to be

approximately 4 per 100 patient-years [17]. Initial studies

suggested that patients with mechanical valves may have an

even higher rate of major thromboembolic complications in

the absence of systemic anticoagulation (23 per 100 patient-

years) [21, 22]. The effect of different antithrombotic agents

and combinations of agents on ischemic events is illustrated

in Table 2. This risk decreases to 2.2 per 100 patient-years

with only antiplatelet therapy, and is further reduced to 1 per

100 patient-years with warfarin, including valves in both the

mitral and aortic positions [17].

Anticoagulation intensity

A Dutch study, reported in 1995 in the New England

Journal of Medicine, sought to determine an appropriate

‘‘intensity goal’’ for anticoagulant therapy in patients with

prosthetic heart valves [18]. The investigators found that

the INR value necessary to achieve an optimal risk–benefit

ratio between bleeding and thrombosis was between 2.5

and 4.9. To achieve this level of anticoagulation, the

authors recommended targeting an INR of 3.0–4.0 post-

operatively. In a more recent analysis published in 2009,

the same investigators prospectively followed more than

4,000 patients and found that the optimal intensity of

anticoagulation for those with mechanical heart valves was

an INR of 2.5–2.9 [23]. This newly recommended target

level of anticoagulation is lower than the previous level

probably due to the smaller number of patients with older

valve types. There were fewer patients with caged-ball and

single-disk designs in this second cohort, and the prosthesis

materials used today are less thrombogenic than those

available in the past. Table 3 shows the risk of events

according to INR levels in patients with mechanical heart

valves [23]. The AREVA study compared moderate anti-

coagulation (INR of 2.0–3.0) versus the usual regimen

(INR of 3.0–4.5) after single-valve replacement with a

mechanical prosthesis. Investigators demonstrated that the

rates of thromboembolic events were similar with each

anticoagulation strategy. In addition, the incidence of

hemorrhagic events was significantly lower in those

patients with INR of 2.0–3.0 [24]. The German Experience

With Low Intensity Anticoagulation (GELIA study) [25]

Table 2 Estimated incidence rates of valve thrombosis and major and total embolisms: effect of antithrombotic treatment

Anticoagulation Incidence rates per 100 patient-years

Valve thrombosis Major embolism Total embolisma

None 1.8 4.0 8.6

Antiplatelet 1.6 2.2 8.2

Dipyridamole 4.1 5.4 11.2

Aspirinb 1.0 1.4 7.5

Warfarin 0.2 1.0 1.8

Warfarin and antiplatelet 0.1 1.7 3.2

a Total embolism includes all reported incidences of valve thrombosis, major embolism, and minor embolism. b Aspirin alone or in combination

with dipyridamole or pentoxifylline. Adapted from Circulation 1994;89:635–641 [17]

Table 3 Incidence rates of untoward events according to INR in

patients with mechanical heart valves

INR All events, incidencea

(95% CI)

Life-threatening

and fatal events,

incidencea (95% CI)

\2 31.9 (5.7, 79.4) 10.6 (0.0, 42.6)

2.0–2.4 6.7 (0.6, 19.4) 3.3 (0.0, 13.3)

2.5–2.9 2.0 (0.2, 5.7) 1.0 (0.1, 4.4)

3.0–3.9 2.5 (1.3, 4.0) 1.1 (0.4, 2.1)

4.0–4.9 3.3 (1.6, 5.5) 1.8 (0.6, 3.5)

C5.0 24.7 (13.3, 39.7) 5.3 (0.9, 13.2)

CI indicates confidence interval, INR international normalized ratio.
a Per 100 patient-years. Adapted from Arch Intern Med 2009;169:

1203–1209 [22]

Fig. 1 �Atrial fibrillation, previous thromboembolism, left ventricu-

lar EF B 35%, hypercoagulable condition. Adapted from Lancet

2009;374:565–76 [55]. Simplified decision tree for choice of

antithrombotic therapy in patients with mechanical heart valves
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also reported similar thromboembolic and bleeding out-

comes among three different INR strata (3.0–4.5; 2.5–4.0;

and the lower intensity 2.0–3.5). Summarizing the evi-

dence, guidelines recommend that patients with mechani-

cal valves in the aortic position should have an INR of

2.0–3.0 and an INR of 2.5–3.5 with valves in the mitral

position. The same recommendation is made for caged-ball

valves in the aortic position (Fig. 1).

Antiplatelet therapies for thromboembolic prophylaxis

The addition of antiplatelet agents to VKAs has been

shown to reduce the occurrence of embolic complications

and even death [26–28]. Patients deemed to be at high risk

for embolic events, including those with concomitant atrial

fibrillation, previous thromboembolism, and mitral pros-

theses, may derive a greater benefit from concomitant

antiplatelet therapies [26]. However, the additional bleed-

ing risk must not be overlooked. The use of aspirin has

been associated with an increase in the likelihood of minor

bleeding, but not in major bleeding [26, 28]. Using

low-dose aspirin (100 mg) may minimize the risk

for hemorrhagic complications without compromising

the antithrombotic effects. A systematic review by the

Cochrane collaboration also found that the addition of

antiplatelet agents to the antithrombotic regimen in patients

with prosthetic heart valves reduces the risk of thrombo-

embolic events and also mortality [29]. The most common

agents used in this metanalysis were aspirin and dipyrid-

amole. One should keep in mind that this review also

reported an increase in bleeding complications associated

with the addition of aspirin, however, there appears to be a

net clinical benefit with a decrease in thromboembolic risk

offsetting the bleeding risk.

At present, there are no compelling data to support the

addition of clopidogrel for patients with prosthetic heart

valves. Several studies suggest that ‘‘triple’’ therapy

(clopidogrel ? aspirin ? warfarin) may be associated with

a significant increase in hemorrhagic complications

[28, 30, 31]. Given the risk of bleeding observed among

patients taking a VKA and clopidogrel, great care must be

taken to avoid hemorrhagic complications among patients

with prosthetic heart valves who have an additional

requirement for an antiplatelet agent. Triple therapy should

only be used for a short period of time (e.g., after stent

implantation). The guidelines recommend stopping clopi-

dogrel as soon as possible to decrease the risk of serious

hemorrhage [32, 33]. Studies have already shown an

increase in the risk of bleeding with this drug combination

[30, 31]. If the concomitant use of these drugs is necessary,

care should be taken during patient follow-up to ensure

safety regarding bleeding risk. A randomized trial is

underway to determine how we should proceed with anti-

platelet therapy in patients already on chronic VKA ther-

apy who receive a drug-eluting stent [34]; this may help

further inform the safety of triple therapy.

The concept of using dual therapy with only aspirin and

clopidogrel has been considered an undesirable strategy

due to the high risk of embolic events seen in observational

studies of patients with mechanical heart valves. Although

several animal studies suggest that this combination can be

a safe and acceptable substitute for VKA therapy, further

data are required before advocating such a strategy for

mechanical valve patients [35, 36]. The PROACT trial

(ClinicalTrials.gov identifier NCT00291525) is currently

randomizing low-risk patients undergoing aortic valve

replacement with the On-X mechanical valve (On-X Life

Technologies, Inc, Austin, TX) to receive either a combi-

nation of aspirin and clopidogrel or VKA therapy for

thromboembolic prophylaxis. The On-X valve is composed

of pure pyrolytic carbon which is believed to reduce its

thrombogenicity relative to other mechanical valves [37].

Completion of the PROACT trial is anticipated in 2015.

Bioprosthetic valve anticoagulation

In terms of anticoagulation, current American Heart

Association (AHA)/American College of Cardiology

(ACC) and European Society of Cardiology (ESC) guide-

lines for bioprosthetic valves recommend anticoagulation

during the first 90 postoperative days [29, 33]. The current

American College of Chest Physicians (ACCP) guidelines

recommend anticoagulation for bioprosthetic valves when

in the mitral position [28]. However, these recommenda-

tions are generally weak and based on dated reports. In

fact, in the absence of other thromboembolic risk factors,

practicing clinicians commonly treat bioprosthetic valve

patients with only antiplatelet therapy following implan-

tation, a strategy supported by prospective observational

data [38–40]. Recent clinical studies have supported anti-

platelet therapy as sufficient for antithrombotic protection

for bioprosthetic valves in the aortic position [34]. Thus, in

the setting of a bioprosthetic valve, whether or not anti-

coagulation is needed in the early postoperative period

remains a point of debate among clinicians and a point of

uncertainty in the guidelines [34].

Patients with concomitant atrial fibrillation

Valvular atrial fibrillation is always considered a high-risk

factor for arterial embolization. The occurrence of this

arrhythmia in patients with a bioprosthetic mitral valve is a

Class I indication for chronic VKA use. In patients with a
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mechanical heart valve and the presence of an additional

risk factor, adding aspirin seems to confer a great clinical

benefit. This strategy is supported by all of the major

society guidelines and is based on randomized clinical

data. The addition of aspirin also seems to be important for

patients with bioprosthetic valves in the mitral position

who develop atrial fibrillation [28, 29]. This strategy has

been shown to reduce adverse clinical outcomes including

stroke and death in a randomized, placebo-controlled

clinical trial [28].

Time to start anticoagulation

There are no randomized data that address this important

issue, however, all major guidelines [28, 29, 35] recommend

starting VKA therapy in the first 24–48 h after the surgical

procedure. This is also true for patients with bioprosthetic

valves during the first 3 months after implantation. The

recommended target INR in this situation is 2.5. However, in

clinical practice, there is widespread use of aspirin (low

dose: 75–100 mg) as an alternative to VKA therapy. The

randomized TRAC study [41] included 193 patients and

compared the use of VKA with antiplatelet agents in the first

3 months after valve implantation. There was no difference

regarding the incidence of thromboembolic events, but the

rate of hemorrhagic complications was significantly higher

with the VKA strategy. An important limitation of this small

trial is that the VKA used was acenocoumarol, a short-acting

agent that is known to have a less stable anticoagulation

profile when compared with longer acting agents [6]. In

addition, the antiplatelet used in this study was not aspirin

but triflusal, a derivate of salicylic acid.

Bridging therapy

Often, patients with mechanical valves require temporary

interruption of VKA therapy for clinical or surgical reasons

and will usually require some temporary anticoagulation

during this time. This is referred to as a bridge therapy. The

risk of thromboembolism during short-term interruption of

anticoagulation is not well known. Mathematical modeling

estimates suggest that the daily risk of thrombosis in

patients with mechanical (mitral or aortic) heart valves is

approximately 0.046% per day in the absence of VKA

therapy [42]. Whether or not this represents an acceptable

risk for short-term interruption of systemic anticoagulation

is an important consideration for the treating clinician.

Risk stratification for thromboembolism is essential

when evaluating the need for heparin or low molecular

weight heparin bridging in patients with prosthetic heart

valves. According to the ACCP guidelines [32], patients

considered to be at the highest risk for thromboembolism

([10% risk per year) include those with a mitral valve

prostheses, those with an older generation aortic valve

prostheses (caged-ball, single-disk), or those with a history

of stroke or transient ischemic attack (TIA) within the

previous 6 months. Patients considered to be at moderate

risk (4–10% per year) include those with a bileaflet aortic

valve and any of the following: atrial fibrillation, prior

stroke or TIA, or other risk factors for stroke (hypertension,

diabetes, congestive heart failure, or age [75). Patients at

the lowest risk (\4% per year) include those with bileaflet

aortic valves and no other risk factors for stroke.

The ESC guidelines for the management of patients with

prosthetic heart valves consider patients with mechanical

valves in the mitral position as having an increased risk for

thromboembolic events, regardless of valve type [33].

They also consider the presence of 1 of the following

factors to be high risk comorbidities: previous thrombo-

embolism, atrial fibrillation, left atrial diameter [50 mm,

left atrial dense spontaneous echo contrast, mitral stenosis

of any degree, left ventricular ejection fraction\35%, and

any documented hypercoagulable state. In the ACC/AHA

guidelines, risk factors for a thromboembolic event include

atrial fibrillation, previous thromboembolism, left ventric-

ular systolic dysfunction (\35%), and any hypercoagulable

condition [33, 43, 44].

Management options for bridging therapy differ among

the various guidelines. We believe that the use of bridging

therapy is reasonable to consider in patients with a high

risk for thromboembolic events. Low molecular weight

heparin should be used in this patient category when there

is a low perceived risk of bleeding. In patients with a

higher bleeding risk (e.g., women, low body weight, end

stage renal failure), hospital admission and the use of

unfractionated heparin is encouraged. Tables 4 and 5

highlight the available guideline recommendations that

should assist clinicians in managing anticoagulation for

their patients with prosthetic heart valves.

Management of patients with an intracranial bleeding

The care of prosthetic heart valve patients during and after a

catastrophic event, such as intracranial bleeding, is not

entirely defined. Available data come from small patient

series. Temporary discontinuation of warfarin for 1–2 weeks

appears to be relatively safe [45, 46]. In the acute phase of

bleeding, total reversal of the anticoagulation with vitamin K

and fresh frozen plasma is required to avoid expansion of the

bleeding that is directly related to mortality and neurological

impairment. The decision to restart long-term VKA therapy

in patients who have suffered a warfarin-related intracranial

hemorrhage is often difficult [47]. After discussing risks with

518 T. L. L. Leiria et al.

123



the patient and family, a reasonable approach is careful

reintroduction of the VKA agent, often at a lower target INR

level, as soon as the risk of a recurrent serious bleeding

episode is judged to be lower than the risk of thromboem-

bolism. Neurology or neurosurgical consultation may be

helpful to assist in determining the risk of recurrent intra-

cranial bleeding for a given patient.

Valve thrombosis

Valve thrombosis is a complication directly related to the

type of valve and its position in the heart. The management

of acute valve thrombosis is an urgent situation, which

results in often life-threatening hemodynamic perturba-

tions. There are no large clinical trials that address this

condition. Whether to employ thrombolytic therapy or

early surgical intervention remains a controversial subject.

Surgical treatment is associated with high mortality. With

lytic therapy there is great concern regarding the risk of

cerebral embolization [48, 49] when treating left-sided

valve thrombosis [50].

A small study comparing two protocols of streptoki-

nase infusion (accelerated versus regular) found that the

success rate of fibrinolytic therapy was low overall (59%),

and particularly low in patients with New York Heart

Association (NYHA) functional class III/IV symptoms

(24%) [51]. In addition, the accelerated streptokinase

Table 4 Comparison among guidelines

ACC/AHA 2006 guidelines/2008

focused update

ESC 2007 guidelines ACCP 2008 guidelines

Target INR according to valve

type and location

Mechanical

Aortica,b 2–3

Mitral 2.5–3.5

Aortic ? Mitral 2.5–3.5

Multiple 2.5–3.2

See Table 5 Mechanicalb

Aorticc

Mitral 2.5–3.5

Aortic ? Mitral 2.5–3.5

Multiple 2.5–3.5

Adding ASA to VKA If high-risk factors,a add ASA

(75–100 mg/day)

May be reasonable to give

clopidogrel (75 mg/day) if ASA

C/I

Add if concomitant CAD, PAD, or

recurrent embolic event

Add ASA (50–100 mg/

day) for high-risk

patients or previous

embolic event

Bioprosthesis ASA 75–100 mg/day

Consider VKA if risk factorsa

Risk factors with C/I to VKA

consider a higher dose of ASA

(75–325 mg/day)

No evidence to support the long-term use

of antiplatelet agents in patients who do

not have an indication other than the

presence of the bioprosthesis itself

ASA 50–100 mg/day

Consider VKA if high

risk conditiona

Bioprosthesis–VKA during first

3 months after implant in

patients without risk factor for

thromboembolism

Reasonable

Target INR = 2.5a

Yes (any position)

Target INR = 2.5

Only in mitral valves

Target INR = 2.5

Anticoagulation during early

postoperative period

Early use of UFH after prosthetic

valve replacement—before

warfarin achieves therapeutic

levels—is controversial

IV UFH until INR is therapeutic

Oral anticoagulation should be started

during the first postoperative days

IV UFH or subcutaneous

LMWH until INR is

therapeutic for 2

consecutive days

Bridge therapy Should be considered in high-risk

patients

Preferably UFH

Use of LMWH is not directly

addressed

Hospital admission in advance and bridge

with IV UFH

Recommend against LMWH as outpatient

Unclear, though should

be considered in high-

risk patients

Recommend considering

use of LMWH as

outpatient

Thromboembolic event during

VKA

Add ASA and consider increasing

INR target

Add ASA Add ASA and consider

increasing INR target

a Atrial fibrillation, previous thromboembolism, left ventricular dysfunction, and hypercoagulable condition (target INR, 3.0; range, 2.5–3.5).
b Caged-ball or caged-disk valve, VKA therapy (target INR, 3.0; range, 2.5–3.5). c Additional risk factors for thromboembolism, such as atrial

fibrillation, anterior-apical ST-segment elevation myocardial infarction, left atrial enlargement, hypercoagulable state, or low ejection fraction,

we recommend VKA therapy (target INR, 3.0; range, 2.5–3.5). ACC indicates American College of Cardiology, ACCP American College of

Chest Physicians, AHA American Heart Association, ASA aspirin, CAD coronary artery disease, C/I contraindicated, ESC European Society of

Cardiology, INR international normalized ratio, IV intravenous, LMWH low molecular weight heparin, PAD peripheral artery disease, UFH
unfractionated heparin, VKA vitamin K antagonist
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infusion fared no better than the standard infusion. The

ACC/AHA guidelines currently recommend that emergent

surgery is most reasonable for patients with a thrombosed

left-sided prosthetic valve and NYHA functional class III/

IV symptoms. Fibrinolytic therapy should be considered

for patients in whom surgical intervention carries a pro-

hibitively high risk or for those with absolute contrain-

dications to surgery. In patients with a small clot burden

who are NYHA functional class I or II, treatment with

short-term intravenous unfractionated heparin therapy or

continuous infusion of fibrinolytic therapy may be con-

sidered [43, 44]. The ACC/AHA guidelines also state that

fibrinolytic therapy is reasonable for thrombosed right-

sided prosthetic heart valves with NYHA functional class

III/IV symptoms or a large clot burden.

The ESC guidelines [33] recommend urgent or emergent

valve replacement as the treatment of choice for obstructive

thrombosis in critically ill patients without serious comor-

bidity. Also recommended is implantation of a less throm-

bogenic prostheses in the place of the previously thrombosed

one. Furthermore, fibrinolysis should be considered for the

following situations: critically ill patients unlikely to survive

surgery because of comorbidities or severely impaired car-

diac function prior to developing valve thrombosis; cases in

which surgery is not immediately available and the patient

cannot be transferred; or thrombosis of tricuspid or pul-

monary valve prostheses because of the higher success rate

and lower incidence of embolism.

Ongoing and future clinical trials

PERIOP 2 (A Safety and Effectiveness Study of LMWH

Bridging Therapy Versus Placebo Bridging Therapy for

Patients on Long Term Warfarin and Require Temporary

Interruption of Their Warfarin) is a randomized trial that is

currently enrolling patients to better evaluate the safety of

bridging therapy [52]. Patients with both prosthetic heart

valves and atrial fibrillation will be included; however,

high-risk patients, such as those with caged-ball valves and

prior stroke or TIA, are excluded.

The Randomized On-X Anticoagulation Trial [37] is

currently testing the hypothesis that a specific design of

prosthetic heart valve can be safely used in the mitral or

aortic position with lower anticoagulation intensities. This is

a longitudinal, randomized, multicenter study consisting of

20 centers in the United States enrolling no more than 1,200

patients (200 in each of 6 groups). The study consists of the

following 3 arms and test therapies: (1) low-risk aortic valve

replacement—aspirin plus clopidogrel; (2) high-risk aortic

valve replacement—warfarin at INR of 1.5–2.0 plus aspirin;

and (3) mitral valve replacement—warfarin at an INR of

2.0–2.5 plus aspirin. Each arm has an equivalent control and

follow-up will continue through 5 years in each patient. The

primary endpoints are the incidence of thromboembolic

complications and bleeding events.

ESCAT III (Very Low Dose Oral Anticoagulation and

Thromboembolic and Bleeding Complications) is another

ongoing randomized trial in 1,800 patients with mechanical

heart valve replacement [53]. The study aims to evaluate

whether self-management of oral anticoagulation can

reduce the risk of developing thromboembolic events and

improve long-term survival compared with INR control by

a general practitioner in mechanical heart valve recipients.

During the first six postoperative months, low-dose INR

self-management will be performed by all patients with

INR measurement once a week. Thereafter, 600 patients

will continue with this treatment regimen, whereas the

other 1,200 patients will continue with very low-dose oral

anticoagulation. Of these 1,200 patients, 600 will perform

INR measurement once a week and 600 will perform INR

measurement twice a week. Patients will be followed for

24 months. The main endpoints are thromboembolic

events, bleeding events, and mortality.

The purpose of the EmbraceAC trial (Comparison of

ATI-5923, a Novel Vitamin K Antagonist, With Warfarin

in Patients Requiring Chronic Anticoagulation) [54] is to

test an experimental drug, ATI-5923, against warfarin.

The study is intended to demonstrate whether ATI-5923 is

superior to warfarin for keeping INR values in the desired

therapeutic range. Patients who require chronic anticoag-

ulation with 1 or more of the following conditions are

eligible for the study: atrial fibrillation or atrial flutter,

prosthetic heart valve, venous thromboembolic disease, or

history of myocardial infarction or cardiomyopathy.

Future directions

The future of patient management lies in ongoing advances

in technology and pharmacology. Tissue engineering for

Table 5 ESC guide to target INR according to thrombosis risk

Prosthesis thrombogenicityb Patient-related risk factorsa

No risk factor C1 Risk factor

Low 2.5 3.0

Medium 3.0 3.5

High 3.5 4.0

a Patient-related risk factors: mitral, tricuspid, or pulmonary valve

replacement; previous thromboembolism; atrial fibrillation; left atrial

diameter [ 50 mm; left atrial dense spontaneous contrast; mitral

stenosis of any degree; left ventricular ejection fraction \ 35%;

hypercoagulable state. bProsthesis thrombogenicity: Low = Carbo-

medics (aortic position), Medtronic Hall, St Jude Medical (without

Silzone); Medium = Bjork-Shiley, other bileaflet valves;

High = Lillehei-Kaster, Omniscience, Starr-Edwards
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the development of biological grafts with better long-term

durability and less thrombogenic properties is one way to

advance the care of patients with valvular heart disease.

Additionally, the creation of new oral anticoagulant ther-

apies with more predictable dose–response and safety

profiles should be anticipated. Use of pharmacogenetics to

better predict the response of an individual patient to

anticoagulants may further guide therapeutic decisions in

the future. In the meantime, careful appraisal of individual

patients and their risk–benefit profile remains imperative

for the management of this complex patient population.
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