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produces low shear stress conditions, whereas stasis  
increases blood coagulability21. Low cardiac output is a 
predictor of PV thrombosis and reduced leaflet motion with 
thrombus formation22,23. Low output states promote hyper-
coagulability by reducing the washout and dilution of 
activated clotting factors, and limiting the inflow of inhibitors 
in the vicinity of the valve24.

Conversely, regional turbulence disrupts laminar flow and 
promotes platelet adhesion to the valve surface. Turbulence 
may also delay endothelialization and induce a prothrom-
botic phenotype, a mechanism that appears to be more 
important for MPVs and that may particularly affect malpo-
sitioned surgical or transcatheter BPVs7. In particular, 
incompletely apposed transcatheter heart valves may create 
areas of stasis between the metallic frame and host tissues 
that may promote local thrombus formation and delay endo-
thelialization25. The importance of hemodynamic factors in 
the pathogenesis of PV thrombosis is evident from the 
difference in the risk of thrombosis depending on the 
anatomic position of the prosthesis (Figure 2). Thus, PV 
thrombosis has been reported nearly 
 

Numbered bullet points underscore each mechanism by anatomic location. 
AF = atrial fibrillation; LV = left ventricular; RV = right ventricular.

Figure 2: Pathophysiological Factors Involved in Prosthetic 
Valve Thrombosis by Anatomic Location

20 times more frequently with the tricuspid valve than with 
the mitral valve, reflecting the slower flow in the right-sided 
cardiac chambers7. Likewise, mitral PV thrombosis is 2 to 3 
times more frequent than aortic PV thrombosis7.

Hemostatic Factors: Primary or secondary hypercoagulability 
is a less frequent mechanism in PV thrombosis. Acquired 
causes of hypercoagulability include comorbidities such as 
chronic kidney disease, anemia, smoking, and obesity. In 
addition, local tissue injury during surgical (excessive tissue 

manipulation) or transcatheter (aggressive pre- or              
post- dilation, excessive catheter manipulation) valve 
replacement may expose tissue factor to the blood, thereby 
inducing local activation of the extrinsic coagulation 
pathway26,27. This mechanism may be particularly relevant 
with severely degenerated native valves (both aortic and 
mitral), which demonstrate increased tissue factor                 
expression on the endothelial surface26,27. Because the native 
diseased valve is not removed, this tissue factor may be 
responsible for short- to mid-term local thrombogenicity, 
even after a successful procedure26,27. PV thrombosis is 
usually a subacute or chronic process, rather than an acute 
phenomenon. Pathological studies suggest that fresh    
thrombi are less common, and that the main pathological 
entity is characterized by organized thrombus with multiple 
clot layers25,28.

Clinical features
The clinical presentation of PVT is highly variable, often 
depending on the presence or absence of obstruction. Severe 
obstructive PVT is typically associated with overt heart 
failure, whereas non-obstructive PVT is often an incidental 
finding or can present as an embolic episode7. Symptom 
duration is usually shorter than 2 weeks in the majority of 
patients3. The most common symptoms include those of 
pulmonary venous hypertension: dyspnea, orthopnea and 
paroxysmal nocturnal dyspnea; symptoms of systemic 
thromboembolism (pulmonary, cerebral, coronary or 
systemic), or symptoms of congestive heart failure29. On 
examination, one may find loss of prosthetic click,                
appearance of new murmurs, or evidence of heart failure3. In 
contrast to the acute presentation of left-sided PVT, the 
onset of the symptoms of tricuspid PVT is usually insidious, 
and its diagnosis is often delayed30. The most frequent  
symptoms related to tricuspid valve malfunction include 
dyspnea, ascites, peripheral edema, and systemic emboli16.

Valve thrombosis should be suspected in any patient with 
any type of prosthetic valve who presents with a recent 
increase in shortness of breath or fatigue, because valve 
thrombosis can develop slowly and insidiously over several 
days or weeks. Suspicion should be higher if there has been 
a period of interrupted or subtherapeutic anticoagulation in 
the preceding few weeks or if there has been a cause for 
increased coagulability (e.g. dehydration, infection, etc.)31.

The most common symptoms and signs include:

• Dyspnea, orthopnea and paroxysmal nocturnal dyspnea

• Systemic thromboembolism 

• Symptoms and signs of congestive heart failure

• Cardiogenic shock

• A decrease in the intensity of the prosthetic heart valve 
sounds

• Appearance of new murmurs

of valve-related symptoms8,9. At least 4 main etiologies may 
account for PV dysfunction: 1) PV thrombosis; 2) fibrotic 
pannus ingrowth; 3) PV degeneration; and 4) PV endocardi-
tis with vegetation formation8,9. These pathological entities 
may occur simultaneously, and a component of thrombus 
formation is often observed in concert with fibrotic pannus 
ingrowth, PV degeneration, or PV endocarditis10. However, 
determination of the main etiology of PV dysfunction is 
crucial because the treatment differs for each of these  
conditions.

Incidence
The reported rates of PV thrombosis are highly variable and 
most likely underestimate the true incidence of this  
phenomenon because valve imaging is not performed 
routinely, and even if the valve is imaged, the technique may 
be suboptimal6. The incidence ranging from 0.5% to 8% per 
patient-year in the aortic and mitral position and up to 20% 
in the tricuspid position. In developing countries, incidence 
is much higher, even up to 10% per patient-year11,12. Accord-
ing to a series of surgical interventions for mechanical PVT, 
the first postoperative year is marked by a 24% incidence of 
thrombosis, with a stable incidence between the second to 
fourth years of approximately 15%, with a subsequent 
decrease thereafter9. Bioprosthetic PVT is usually 
diagnosed in the early postoperative period, when endotheli-
alisation of the suture zone is not yet complete. Hence, this 
has led to the recommendation of anticoagulating patients 
with bioprostheses for the first three months postoperative-
ly, particularly for mitral prostheses13.

Right-sided valves have higher rates of PVT than do 
left-sided prosthetic valves. A seasonal variation has been 
noted to PVT with an increased frequency in the winter 
months, coinciding with an increased plasma fibrinogen and 
viscosity14.

Risk factors
Mechanical valves are more likely to trigger thrombosis 
than are tissue valves. Thrombogenicity of mechanical 
valves remains one of the most common problems despite 
the improvement in valve design. This risk varies with the 
type and the site of the prosthesis. Mechanical heart valves 
at mitral position increases the risk of valvular obstruction 
almost twice as compared with that at the aortic position, 
probably owing to lower velocities of blood flow15. It seems 
that lower pressures on the right side of the heart with a 
slower blood flow across the tricuspid valve is the most 
important cause of higher risk of thrombus formation in 
prosthetic tricuspid valves16. The risk is highest for 
ball-in-cage valves, followed by single tilting disk prostheses 
and then bileaflet tilting disk prostheses17. The principle risk 
factors for PVT are inadequate anticoagulation or fluctuation 
in anticoagulation levels18, poor patient compliance, under-
scoring the need for both patient-and physician-oriented 
education19. The risk factors for PVT are presented in table 1.

Table 1: Risk factors for PVT

Pathogenesis       
PV thrombosis with or without PV dysfunction is a complex 
multifactorial phenomenon6. Thrombus formation usually 
begins at the hinges of mechanical valves20. Increased 
incidence of thrombotic events up to 10% have been report-
ed in the first 3−6 months after implantation of the valve 
mainly in the mitral position. This can be explained by the 
hypercoagu¬lable state after surgery and the contact of 
bloodstream with the nonendothelialized thrombogenic 
surfaces particularly on suture sites and prosthesis material5. 
According to the principles of Virchow’s triad21, the 3 main 
mechanisms of endovascular thrombus formation involve 
surface-, hemodynamic-, and hemostasis-related factors 
(Figure 1). 

*Primary hypercoagulable states include factor V Leiden, prothrombin 
gene mutation, and deficiency of antithrombin, protein C, or protein S. 
Secondary hypercoagulable states include atrial fibrillation, malignancy, 
disseminated intravascular coagulation, antiphospholipid syndrome, 
cardiomyopathy, nephrotic syndrome, high estrogen hormonal states, 
sickle cell anemia, and smoking (among others). †Suboptimal anticoagula-
tion in patients with mechanical prosthesis or surgical bioprosthesis in the 
early period (<3 months).

Figure 1: Mechanisms of Prosthetic Valve Thrombosis

Surface Factors: In contrast to the healthy endothelium, 
which actively resists thrombosis, artificial surfaces 
promote clotting through a complex series of interconnected 
processes that include protein adsorption; adhesion of plate-
lets, leukocytes, and red blood cells; thrombin generation; 
and complement activation6.
               
Hemodynamic Factors: Hemodynamic factors include the 
host cardiocirculatory hemodynamic status and the intrinsic 
hemodynamic characteristics of the prosthesis. Turbulence 
contributes to neointimal injury or dysfunction, and   
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Introduction
Valvular heart disease affects more than 100 million persons 
worldwide, and is associated with significant morbidity and 
mortality1. Rheumatic valve diseases are the most frequently 
encountered valvular pathology in Bangladesh and often 
require surgical replacement with prosthetic valves. Over 
the past 3 decades, there is a declining trend of acute RF in 
the country. However, chronic RHD continues to be an 
important public health problem here2 and prosthetic valve 
implantation is still on the rise. PVT is a life-threatening 
complications of prosthetic heart valves. The incidence 
varies depending on the type of prosthetic heart valve and its 
position. The incidence of PVT is high in developing coun-
tries and it contributes significantly to the late morbidity and 
mortality after heart valve surgery3. Surgical valve replace-
ment (or repair of mitral valves) is currently the standard of 
care for treatment of valvular heart disease in patients at low 
and intermediate risk for surgery4.

On the basis of the leaflet material, 2 different types of 
surgical prosthetic heart valves exist: mechanical and 
biological5. Mechanical heart valves (MHVs) are more 
thrombogenic, yet more durable. These valves have evolved 
from the early caged ball and tilting disc design to the 
contemporary bileaflet valves mounted on a Teflon- or 
Dacron-covered sewing ring5. Bioprosthetic heart valves 
(BHVs) are less thrombogenic than MHV and exhibit more 
natural hemodynamic properties, but are less durable5. All 
foreign bodies (including PVs) implanted within the human 
cardiovascular system are thrombogenic, potentially    

implying the need for short- or long-term anticoagulation to 
prevent thrombosis, which can lead to disabling or fatal 
stroke6. The risk of prosthetic valve (PV) thrombosis and 
thromboembolism events is higher for PVs implanted in the 
mitral position versus the aortic position, and higher for 
right-sided PVs than left-sided PVs7. Clinical presentation 
varies from asymptomatic to cardiogenic shock. Diagnosis 
is based on clinical findings, echocardiographic findings 
and/or cine fluoroscopy. In developing countries, like 
Bangladesh, thrombolytic therapy is an attractive option due 
to high cost and unavailability of surgery on emergency 
basis in many centers. Mortality of surgery is also consider-
ably high varying from 5% in the New York Heart Associa-
tion (NYHA) Class II with up to 50% in NYHA Class IV 
patients3. Recent studies have shed light over various new 
low-dose, slow infusion regimens of thrombolytic agents 
which are associated with equivalent efficacy as older 
regimens but are safer3. The purpose of this review article is 
to describe the epidemiology, clinical features, diagnosis 
and updated management according to current guidelines of 
PVT.

Definition
PV thrombosis is a pathological entity characterized by 
thrombus formation on the prosthetic structures, with subse-
quent PV dysfunction with or without thromboembolism 
(TE)7. PV dysfunction is a complication of mechanical or 
biological prostheses, which can cause reduced leaflet 
motion or impaired leaflet coaptation, leaflet thickening, 
reduced or increased effective prosthesis orifice area      
(leading to either stenosis or insufficiency as the primary 
valve defect, respectively), increased transvalvular gradient 
or transvalvular regurgitation, with or without development 
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Abstract
Prosthetic Valve Thrombosis (PVT) is an obstruction of a prosthesis by non-infective thrombotic material. Prosthetic heart 
valve thrombosis incidence is high in developing countries and contributes to significant late mortality post-valve   surgery. 
The interaction of a variety of prosthesis- and patient-related factors account for risk for PVT. Obstructive valve thrombosis 
should be suspected promptly in any patient with any type of prosthetic valve who presents with recent dyspnoea or an  
embolic event. The diagnosis of PVT is by history, physical examination and by an imaging modality. Mechanical prosthetic 
valve thrombosis is diagnosed by an abnormally elevated gradient across the prosthesis, with either limited leaflet motion or 
attached mobile densities consistent with thrombus, or both. Treatment of the thrombosed valve is either surgical or with 
thrombolysis. Both modalities have significant morbidity and mortality.       
                        (JNHFB 2019; 8 : 46-54)
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produces low shear stress conditions, whereas stasis  
increases blood coagulability21. Low cardiac output is a 
predictor of PV thrombosis and reduced leaflet motion with 
thrombus formation22,23. Low output states promote hyper-
coagulability by reducing the washout and dilution of 
activated clotting factors, and limiting the inflow of inhibitors 
in the vicinity of the valve24.

Conversely, regional turbulence disrupts laminar flow and 
promotes platelet adhesion to the valve surface. Turbulence 
may also delay endothelialization and induce a prothrom-
botic phenotype, a mechanism that appears to be more 
important for MPVs and that may particularly affect malpo-
sitioned surgical or transcatheter BPVs7. In particular, 
incompletely apposed transcatheter heart valves may create 
areas of stasis between the metallic frame and host tissues 
that may promote local thrombus formation and delay endo-
thelialization25. The importance of hemodynamic factors in 
the pathogenesis of PV thrombosis is evident from the 
difference in the risk of thrombosis depending on the 
anatomic position of the prosthesis (Figure 2). Thus, PV 
thrombosis has been reported nearly 
 

Numbered bullet points underscore each mechanism by anatomic location. 
AF = atrial fibrillation; LV = left ventricular; RV = right ventricular.

Figure 2: Pathophysiological Factors Involved in Prosthetic 
Valve Thrombosis by Anatomic Location

20 times more frequently with the tricuspid valve than with 
the mitral valve, reflecting the slower flow in the right-sided 
cardiac chambers7. Likewise, mitral PV thrombosis is 2 to 3 
times more frequent than aortic PV thrombosis7.

Hemostatic Factors: Primary or secondary hypercoagulability 
is a less frequent mechanism in PV thrombosis. Acquired 
causes of hypercoagulability include comorbidities such as 
chronic kidney disease, anemia, smoking, and obesity. In 
addition, local tissue injury during surgical (excessive tissue 

manipulation) or transcatheter (aggressive pre- or              
post- dilation, excessive catheter manipulation) valve 
replacement may expose tissue factor to the blood, thereby 
inducing local activation of the extrinsic coagulation 
pathway26,27. This mechanism may be particularly relevant 
with severely degenerated native valves (both aortic and 
mitral), which demonstrate increased tissue factor                 
expression on the endothelial surface26,27. Because the native 
diseased valve is not removed, this tissue factor may be 
responsible for short- to mid-term local thrombogenicity, 
even after a successful procedure26,27. PV thrombosis is 
usually a subacute or chronic process, rather than an acute 
phenomenon. Pathological studies suggest that fresh    
thrombi are less common, and that the main pathological 
entity is characterized by organized thrombus with multiple 
clot layers25,28.

Clinical features
The clinical presentation of PVT is highly variable, often 
depending on the presence or absence of obstruction. Severe 
obstructive PVT is typically associated with overt heart 
failure, whereas non-obstructive PVT is often an incidental 
finding or can present as an embolic episode7. Symptom 
duration is usually shorter than 2 weeks in the majority of 
patients3. The most common symptoms include those of 
pulmonary venous hypertension: dyspnea, orthopnea and 
paroxysmal nocturnal dyspnea; symptoms of systemic 
thromboembolism (pulmonary, cerebral, coronary or 
systemic), or symptoms of congestive heart failure29. On 
examination, one may find loss of prosthetic click,                
appearance of new murmurs, or evidence of heart failure3. In 
contrast to the acute presentation of left-sided PVT, the 
onset of the symptoms of tricuspid PVT is usually insidious, 
and its diagnosis is often delayed30. The most frequent  
symptoms related to tricuspid valve malfunction include 
dyspnea, ascites, peripheral edema, and systemic emboli16.

Valve thrombosis should be suspected in any patient with 
any type of prosthetic valve who presents with a recent 
increase in shortness of breath or fatigue, because valve 
thrombosis can develop slowly and insidiously over several 
days or weeks. Suspicion should be higher if there has been 
a period of interrupted or subtherapeutic anticoagulation in 
the preceding few weeks or if there has been a cause for 
increased coagulability (e.g. dehydration, infection, etc.)31.

The most common symptoms and signs include:

• Dyspnea, orthopnea and paroxysmal nocturnal dyspnea

• Systemic thromboembolism 

• Symptoms and signs of congestive heart failure

• Cardiogenic shock

• A decrease in the intensity of the prosthetic heart valve 
sounds

• Appearance of new murmurs

of valve-related symptoms8,9. At least 4 main etiologies may 
account for PV dysfunction: 1) PV thrombosis; 2) fibrotic 
pannus ingrowth; 3) PV degeneration; and 4) PV endocardi-
tis with vegetation formation8,9. These pathological entities 
may occur simultaneously, and a component of thrombus 
formation is often observed in concert with fibrotic pannus 
ingrowth, PV degeneration, or PV endocarditis10. However, 
determination of the main etiology of PV dysfunction is 
crucial because the treatment differs for each of these  
conditions.

Incidence
The reported rates of PV thrombosis are highly variable and 
most likely underestimate the true incidence of this  
phenomenon because valve imaging is not performed 
routinely, and even if the valve is imaged, the technique may 
be suboptimal6. The incidence ranging from 0.5% to 8% per 
patient-year in the aortic and mitral position and up to 20% 
in the tricuspid position. In developing countries, incidence 
is much higher, even up to 10% per patient-year11,12. Accord-
ing to a series of surgical interventions for mechanical PVT, 
the first postoperative year is marked by a 24% incidence of 
thrombosis, with a stable incidence between the second to 
fourth years of approximately 15%, with a subsequent 
decrease thereafter9. Bioprosthetic PVT is usually 
diagnosed in the early postoperative period, when endotheli-
alisation of the suture zone is not yet complete. Hence, this 
has led to the recommendation of anticoagulating patients 
with bioprostheses for the first three months postoperative-
ly, particularly for mitral prostheses13.

Right-sided valves have higher rates of PVT than do 
left-sided prosthetic valves. A seasonal variation has been 
noted to PVT with an increased frequency in the winter 
months, coinciding with an increased plasma fibrinogen and 
viscosity14.

Risk factors
Mechanical valves are more likely to trigger thrombosis 
than are tissue valves. Thrombogenicity of mechanical 
valves remains one of the most common problems despite 
the improvement in valve design. This risk varies with the 
type and the site of the prosthesis. Mechanical heart valves 
at mitral position increases the risk of valvular obstruction 
almost twice as compared with that at the aortic position, 
probably owing to lower velocities of blood flow15. It seems 
that lower pressures on the right side of the heart with a 
slower blood flow across the tricuspid valve is the most 
important cause of higher risk of thrombus formation in 
prosthetic tricuspid valves16. The risk is highest for 
ball-in-cage valves, followed by single tilting disk prostheses 
and then bileaflet tilting disk prostheses17. The principle risk 
factors for PVT are inadequate anticoagulation or fluctuation 
in anticoagulation levels18, poor patient compliance, under-
scoring the need for both patient-and physician-oriented 
education19. The risk factors for PVT are presented in table 1.

Table 1: Risk factors for PVT

Pathogenesis       
PV thrombosis with or without PV dysfunction is a complex 
multifactorial phenomenon6. Thrombus formation usually 
begins at the hinges of mechanical valves20. Increased 
incidence of thrombotic events up to 10% have been report-
ed in the first 3−6 months after implantation of the valve 
mainly in the mitral position. This can be explained by the 
hypercoagu¬lable state after surgery and the contact of 
bloodstream with the nonendothelialized thrombogenic 
surfaces particularly on suture sites and prosthesis material5. 
According to the principles of Virchow’s triad21, the 3 main 
mechanisms of endovascular thrombus formation involve 
surface-, hemodynamic-, and hemostasis-related factors 
(Figure 1). 

*Primary hypercoagulable states include factor V Leiden, prothrombin 
gene mutation, and deficiency of antithrombin, protein C, or protein S. 
Secondary hypercoagulable states include atrial fibrillation, malignancy, 
disseminated intravascular coagulation, antiphospholipid syndrome, 
cardiomyopathy, nephrotic syndrome, high estrogen hormonal states, 
sickle cell anemia, and smoking (among others). †Suboptimal anticoagula-
tion in patients with mechanical prosthesis or surgical bioprosthesis in the 
early period (<3 months).

Figure 1: Mechanisms of Prosthetic Valve Thrombosis

Surface Factors: In contrast to the healthy endothelium, 
which actively resists thrombosis, artificial surfaces 
promote clotting through a complex series of interconnected 
processes that include protein adsorption; adhesion of plate-
lets, leukocytes, and red blood cells; thrombin generation; 
and complement activation6.
               
Hemodynamic Factors: Hemodynamic factors include the 
host cardiocirculatory hemodynamic status and the intrinsic 
hemodynamic characteristics of the prosthesis. Turbulence 
contributes to neointimal injury or dysfunction, and   
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Introduction
Valvular heart disease affects more than 100 million persons 
worldwide, and is associated with significant morbidity and 
mortality1. Rheumatic valve diseases are the most frequently 
encountered valvular pathology in Bangladesh and often 
require surgical replacement with prosthetic valves. Over 
the past 3 decades, there is a declining trend of acute RF in 
the country. However, chronic RHD continues to be an 
important public health problem here2 and prosthetic valve 
implantation is still on the rise. PVT is a life-threatening 
complications of prosthetic heart valves. The incidence 
varies depending on the type of prosthetic heart valve and its 
position. The incidence of PVT is high in developing coun-
tries and it contributes significantly to the late morbidity and 
mortality after heart valve surgery3. Surgical valve replace-
ment (or repair of mitral valves) is currently the standard of 
care for treatment of valvular heart disease in patients at low 
and intermediate risk for surgery4.

On the basis of the leaflet material, 2 different types of 
surgical prosthetic heart valves exist: mechanical and 
biological5. Mechanical heart valves (MHVs) are more 
thrombogenic, yet more durable. These valves have evolved 
from the early caged ball and tilting disc design to the 
contemporary bileaflet valves mounted on a Teflon- or 
Dacron-covered sewing ring5. Bioprosthetic heart valves 
(BHVs) are less thrombogenic than MHV and exhibit more 
natural hemodynamic properties, but are less durable5. All 
foreign bodies (including PVs) implanted within the human 
cardiovascular system are thrombogenic, potentially    

implying the need for short- or long-term anticoagulation to 
prevent thrombosis, which can lead to disabling or fatal 
stroke6. The risk of prosthetic valve (PV) thrombosis and 
thromboembolism events is higher for PVs implanted in the 
mitral position versus the aortic position, and higher for 
right-sided PVs than left-sided PVs7. Clinical presentation 
varies from asymptomatic to cardiogenic shock. Diagnosis 
is based on clinical findings, echocardiographic findings 
and/or cine fluoroscopy. In developing countries, like 
Bangladesh, thrombolytic therapy is an attractive option due 
to high cost and unavailability of surgery on emergency 
basis in many centers. Mortality of surgery is also consider-
ably high varying from 5% in the New York Heart Associa-
tion (NYHA) Class II with up to 50% in NYHA Class IV 
patients3. Recent studies have shed light over various new 
low-dose, slow infusion regimens of thrombolytic agents 
which are associated with equivalent efficacy as older 
regimens but are safer3. The purpose of this review article is 
to describe the epidemiology, clinical features, diagnosis 
and updated management according to current guidelines of 
PVT.

Definition
PV thrombosis is a pathological entity characterized by 
thrombus formation on the prosthetic structures, with subse-
quent PV dysfunction with or without thromboembolism 
(TE)7. PV dysfunction is a complication of mechanical or 
biological prostheses, which can cause reduced leaflet 
motion or impaired leaflet coaptation, leaflet thickening, 
reduced or increased effective prosthesis orifice area      
(leading to either stenosis or insufficiency as the primary 
valve defect, respectively), increased transvalvular gradient 
or transvalvular regurgitation, with or without development 

Inadequate anticoagulation Left ventricular dysfunction 

Fluctuation in anticoagulation levels Prior embolic event 
Poor drug compliance  Left atrial enlargement 
Underscoring the need for both patient -and 
physician-oriented education 

Hypercoagulable states such as pregnancy 

Type of valve implanted (greater in ball -
and-cage variety) 

Early post-operatively 
 

Valve position (tricuspid >mitral > aortic) Dehydration 

Number of valves replaced Infection 
Atrial fibrillation Time from replacement- first 3 months risk 

is higher. 
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produces low shear stress conditions, whereas stasis  
increases blood coagulability21. Low cardiac output is a 
predictor of PV thrombosis and reduced leaflet motion with 
thrombus formation22,23. Low output states promote hyper-
coagulability by reducing the washout and dilution of 
activated clotting factors, and limiting the inflow of inhibitors 
in the vicinity of the valve24.

Conversely, regional turbulence disrupts laminar flow and 
promotes platelet adhesion to the valve surface. Turbulence 
may also delay endothelialization and induce a prothrom-
botic phenotype, a mechanism that appears to be more 
important for MPVs and that may particularly affect malpo-
sitioned surgical or transcatheter BPVs7. In particular, 
incompletely apposed transcatheter heart valves may create 
areas of stasis between the metallic frame and host tissues 
that may promote local thrombus formation and delay endo-
thelialization25. The importance of hemodynamic factors in 
the pathogenesis of PV thrombosis is evident from the 
difference in the risk of thrombosis depending on the 
anatomic position of the prosthesis (Figure 2). Thus, PV 
thrombosis has been reported nearly 
 

Numbered bullet points underscore each mechanism by anatomic location. 
AF = atrial fibrillation; LV = left ventricular; RV = right ventricular.

Figure 2: Pathophysiological Factors Involved in Prosthetic 
Valve Thrombosis by Anatomic Location

20 times more frequently with the tricuspid valve than with 
the mitral valve, reflecting the slower flow in the right-sided 
cardiac chambers7. Likewise, mitral PV thrombosis is 2 to 3 
times more frequent than aortic PV thrombosis7.

Hemostatic Factors: Primary or secondary hypercoagulability 
is a less frequent mechanism in PV thrombosis. Acquired 
causes of hypercoagulability include comorbidities such as 
chronic kidney disease, anemia, smoking, and obesity. In 
addition, local tissue injury during surgical (excessive tissue 

manipulation) or transcatheter (aggressive pre- or              
post- dilation, excessive catheter manipulation) valve 
replacement may expose tissue factor to the blood, thereby 
inducing local activation of the extrinsic coagulation 
pathway26,27. This mechanism may be particularly relevant 
with severely degenerated native valves (both aortic and 
mitral), which demonstrate increased tissue factor                 
expression on the endothelial surface26,27. Because the native 
diseased valve is not removed, this tissue factor may be 
responsible for short- to mid-term local thrombogenicity, 
even after a successful procedure26,27. PV thrombosis is 
usually a subacute or chronic process, rather than an acute 
phenomenon. Pathological studies suggest that fresh    
thrombi are less common, and that the main pathological 
entity is characterized by organized thrombus with multiple 
clot layers25,28.

Clinical features
The clinical presentation of PVT is highly variable, often 
depending on the presence or absence of obstruction. Severe 
obstructive PVT is typically associated with overt heart 
failure, whereas non-obstructive PVT is often an incidental 
finding or can present as an embolic episode7. Symptom 
duration is usually shorter than 2 weeks in the majority of 
patients3. The most common symptoms include those of 
pulmonary venous hypertension: dyspnea, orthopnea and 
paroxysmal nocturnal dyspnea; symptoms of systemic 
thromboembolism (pulmonary, cerebral, coronary or 
systemic), or symptoms of congestive heart failure29. On 
examination, one may find loss of prosthetic click,                
appearance of new murmurs, or evidence of heart failure3. In 
contrast to the acute presentation of left-sided PVT, the 
onset of the symptoms of tricuspid PVT is usually insidious, 
and its diagnosis is often delayed30. The most frequent  
symptoms related to tricuspid valve malfunction include 
dyspnea, ascites, peripheral edema, and systemic emboli16.

Valve thrombosis should be suspected in any patient with 
any type of prosthetic valve who presents with a recent 
increase in shortness of breath or fatigue, because valve 
thrombosis can develop slowly and insidiously over several 
days or weeks. Suspicion should be higher if there has been 
a period of interrupted or subtherapeutic anticoagulation in 
the preceding few weeks or if there has been a cause for 
increased coagulability (e.g. dehydration, infection, etc.)31.

The most common symptoms and signs include:

• Dyspnea, orthopnea and paroxysmal nocturnal dyspnea

• Systemic thromboembolism 

• Symptoms and signs of congestive heart failure

• Cardiogenic shock

• A decrease in the intensity of the prosthetic heart valve 
sounds

• Appearance of new murmurs
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of valve-related symptoms8,9. At least 4 main etiologies may 
account for PV dysfunction: 1) PV thrombosis; 2) fibrotic 
pannus ingrowth; 3) PV degeneration; and 4) PV endocardi-
tis with vegetation formation8,9. These pathological entities 
may occur simultaneously, and a component of thrombus 
formation is often observed in concert with fibrotic pannus 
ingrowth, PV degeneration, or PV endocarditis10. However, 
determination of the main etiology of PV dysfunction is 
crucial because the treatment differs for each of these  
conditions.

Incidence
The reported rates of PV thrombosis are highly variable and 
most likely underestimate the true incidence of this  
phenomenon because valve imaging is not performed 
routinely, and even if the valve is imaged, the technique may 
be suboptimal6. The incidence ranging from 0.5% to 8% per 
patient-year in the aortic and mitral position and up to 20% 
in the tricuspid position. In developing countries, incidence 
is much higher, even up to 10% per patient-year11,12. Accord-
ing to a series of surgical interventions for mechanical PVT, 
the first postoperative year is marked by a 24% incidence of 
thrombosis, with a stable incidence between the second to 
fourth years of approximately 15%, with a subsequent 
decrease thereafter9. Bioprosthetic PVT is usually 
diagnosed in the early postoperative period, when endotheli-
alisation of the suture zone is not yet complete. Hence, this 
has led to the recommendation of anticoagulating patients 
with bioprostheses for the first three months postoperative-
ly, particularly for mitral prostheses13.

Right-sided valves have higher rates of PVT than do 
left-sided prosthetic valves. A seasonal variation has been 
noted to PVT with an increased frequency in the winter 
months, coinciding with an increased plasma fibrinogen and 
viscosity14.

Risk factors
Mechanical valves are more likely to trigger thrombosis 
than are tissue valves. Thrombogenicity of mechanical 
valves remains one of the most common problems despite 
the improvement in valve design. This risk varies with the 
type and the site of the prosthesis. Mechanical heart valves 
at mitral position increases the risk of valvular obstruction 
almost twice as compared with that at the aortic position, 
probably owing to lower velocities of blood flow15. It seems 
that lower pressures on the right side of the heart with a 
slower blood flow across the tricuspid valve is the most 
important cause of higher risk of thrombus formation in 
prosthetic tricuspid valves16. The risk is highest for 
ball-in-cage valves, followed by single tilting disk prostheses 
and then bileaflet tilting disk prostheses17. The principle risk 
factors for PVT are inadequate anticoagulation or fluctuation 
in anticoagulation levels18, poor patient compliance, under-
scoring the need for both patient-and physician-oriented 
education19. The risk factors for PVT are presented in table 1.

Table 1: Risk factors for PVT

Pathogenesis       
PV thrombosis with or without PV dysfunction is a complex 
multifactorial phenomenon6. Thrombus formation usually 
begins at the hinges of mechanical valves20. Increased 
incidence of thrombotic events up to 10% have been report-
ed in the first 3−6 months after implantation of the valve 
mainly in the mitral position. This can be explained by the 
hypercoagu¬lable state after surgery and the contact of 
bloodstream with the nonendothelialized thrombogenic 
surfaces particularly on suture sites and prosthesis material5. 
According to the principles of Virchow’s triad21, the 3 main 
mechanisms of endovascular thrombus formation involve 
surface-, hemodynamic-, and hemostasis-related factors 
(Figure 1). 

*Primary hypercoagulable states include factor V Leiden, prothrombin 
gene mutation, and deficiency of antithrombin, protein C, or protein S. 
Secondary hypercoagulable states include atrial fibrillation, malignancy, 
disseminated intravascular coagulation, antiphospholipid syndrome, 
cardiomyopathy, nephrotic syndrome, high estrogen hormonal states, 
sickle cell anemia, and smoking (among others). †Suboptimal anticoagula-
tion in patients with mechanical prosthesis or surgical bioprosthesis in the 
early period (<3 months).

Figure 1: Mechanisms of Prosthetic Valve Thrombosis

Surface Factors: In contrast to the healthy endothelium, 
which actively resists thrombosis, artificial surfaces 
promote clotting through a complex series of interconnected 
processes that include protein adsorption; adhesion of plate-
lets, leukocytes, and red blood cells; thrombin generation; 
and complement activation6.
               
Hemodynamic Factors: Hemodynamic factors include the 
host cardiocirculatory hemodynamic status and the intrinsic 
hemodynamic characteristics of the prosthesis. Turbulence 
contributes to neointimal injury or dysfunction, and   

Introduction
Valvular heart disease affects more than 100 million persons 
worldwide, and is associated with significant morbidity and 
mortality1. Rheumatic valve diseases are the most frequently 
encountered valvular pathology in Bangladesh and often 
require surgical replacement with prosthetic valves. Over 
the past 3 decades, there is a declining trend of acute RF in 
the country. However, chronic RHD continues to be an 
important public health problem here2 and prosthetic valve 
implantation is still on the rise. PVT is a life-threatening 
complications of prosthetic heart valves. The incidence 
varies depending on the type of prosthetic heart valve and its 
position. The incidence of PVT is high in developing coun-
tries and it contributes significantly to the late morbidity and 
mortality after heart valve surgery3. Surgical valve replace-
ment (or repair of mitral valves) is currently the standard of 
care for treatment of valvular heart disease in patients at low 
and intermediate risk for surgery4.

On the basis of the leaflet material, 2 different types of 
surgical prosthetic heart valves exist: mechanical and 
biological5. Mechanical heart valves (MHVs) are more 
thrombogenic, yet more durable. These valves have evolved 
from the early caged ball and tilting disc design to the 
contemporary bileaflet valves mounted on a Teflon- or 
Dacron-covered sewing ring5. Bioprosthetic heart valves 
(BHVs) are less thrombogenic than MHV and exhibit more 
natural hemodynamic properties, but are less durable5. All 
foreign bodies (including PVs) implanted within the human 
cardiovascular system are thrombogenic, potentially    

implying the need for short- or long-term anticoagulation to 
prevent thrombosis, which can lead to disabling or fatal 
stroke6. The risk of prosthetic valve (PV) thrombosis and 
thromboembolism events is higher for PVs implanted in the 
mitral position versus the aortic position, and higher for 
right-sided PVs than left-sided PVs7. Clinical presentation 
varies from asymptomatic to cardiogenic shock. Diagnosis 
is based on clinical findings, echocardiographic findings 
and/or cine fluoroscopy. In developing countries, like 
Bangladesh, thrombolytic therapy is an attractive option due 
to high cost and unavailability of surgery on emergency 
basis in many centers. Mortality of surgery is also consider-
ably high varying from 5% in the New York Heart Associa-
tion (NYHA) Class II with up to 50% in NYHA Class IV 
patients3. Recent studies have shed light over various new 
low-dose, slow infusion regimens of thrombolytic agents 
which are associated with equivalent efficacy as older 
regimens but are safer3. The purpose of this review article is 
to describe the epidemiology, clinical features, diagnosis 
and updated management according to current guidelines of 
PVT.

Definition
PV thrombosis is a pathological entity characterized by 
thrombus formation on the prosthetic structures, with subse-
quent PV dysfunction with or without thromboembolism 
(TE)7. PV dysfunction is a complication of mechanical or 
biological prostheses, which can cause reduced leaflet 
motion or impaired leaflet coaptation, leaflet thickening, 
reduced or increased effective prosthesis orifice area      
(leading to either stenosis or insufficiency as the primary 
valve defect, respectively), increased transvalvular gradient 
or transvalvular regurgitation, with or without development 
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Diagnosis
Diagnosis of PVT (Table 2) is by clinical history (especially 
relative to level of anticoagulation, left or right sided heart 
failure depending on the valve involved), cardiac               
auscultation (which may reveal muffled prosthetic opening 
and closing sounds), and ultimately an imaging study         
(fluoroscopy or echocardiography)32.

Table 2: Diagnosis of prosthetic valve thrombosis

• History of subtherapeutic anticoagulation

• Symptoms suggestive of embolic phenomena or 
compromise of the cardiac output

• Muffled prosthetic opening and closing sounds

• Imaging study revealing reduced motion of the valve 
leaflets (echocardiogram or fluoroscopy)

Echocardiography has become a powerful diagnostic 
technique because of its ability to supply accurate hemody-
namic data and to provide direct visualization of the 
prosthesis33.

Transthoracic echocardiography (TTE): By providing direct 
visualisation of the prosthesis and a measure of transvalvu-
lar gradients, TTE is an essential part of diagnostic assess-
ment (table 3). Using colour Doppler, abnormal transpros-
thetic flow (as indicated by aliasing) or central regurgita-
tion, indicating abnormal valve closure, can be observed. 
Transprosthetic gradients and effective orifice area are 
determined using continuous Doppler. Pulmonary artery 
pressures and cardiac output should also be measured. 
Direct signs of PVT include abnormal movement of the 
prosthesis (immobile hemi-disc, incomplete or delayed 
opening) or visualisation of a paraprosthetic thrombus7.

Table 3: Echocardiographic signs of obstructive prosthetic 
valve thrombosis7

• Reduced valve mobility

• Presence of thrombus

• Abnormal transprosthetic flow

• Central prosthetic regurgitation

• Elevated transprosthetic gradients

• Reduced effective prosthetic area

In some centers, TTE is preferred or the only modality  
available for diagnosis. PVT may be suspected if the 
Doppler-derived gradients are twice as high as empirically 
found in normal prostheses. For mitral prostheses, a mean 
gradient >6 mmHg and an effective area <1.3 cm2 is 
suggestive of PVT and >8 mmHg is indicative of PVT 
(Figure 3A). For aortic prostheses, mean gradient above 30 
mmHg is abnormal and indicated further investigation for 
PVT. Mean gradient >45 mmHg in absent of other causes is 
considered as the criteria for PVT7. TTE is used for calculation 
of gradient and response to thrombolytic therapy (Figure 3B).

Figure 3: Transthoracic echocardiography revealed high 
transvalvular gradients: MV maxPG 23.06 mmHg, MV 
mean PG 16.74 mmHg before thrombolysis (3A) and 
normal transvalvular gradients: MV maxPG 4.17 mmHg, 
MV mean PG 2.17 mmHg after thrombolysis (3B).

Limitations of TTE include quality of the acoustic window, 
artefacts associated with the prosthesis, and non-obstructive 
PVT (where TTE will usually be normal). In conditions of 
low cardiac output, transvalvular gradients can be within the 
normal range despite significant prosthetic valve obstruc-
tion, so-called ‘‘silent Doppler PVT’’. Hence if clinical 
suspicion remains, the investigation should be completed 
with a Transoesophageal Echocardiography (TOE) study7.

Transoesophageal echocardiography: Once the diagnosis 
is strongly considered on the basis of TTE or cinefluroscopy, 
transesophageal echocardiography (TOE) helps further in 
confirming the diagnosis and differentiating pannus versus 
thrombus. TOE also plays a role in planning the manage-
ment by calculating thrombus area and has been incorporat-
ed in guidelines3. Direct signs of PVT include immobility or 
reduced leaflet mobility, and the presence of thrombus on 
either side of the prosthesis, with or without obstruction. 
Thrombi have to be differentiated from a fibrous pannus, 
which is usually annular in location. Pannus formation is 
more frequent on aortic than on mitral prostheses. When 
observed on mitral prosthetic valves, they most often occur 
on the atrial side of the prosthesis. Typically presenting as a 
very dense immobile echo, pannus are typically encountered 
in patients with a normal anticoagulation profile and with 

subacute or chronic symptoms. Indirect TOE signs of PVT 
are the disappearance of the normal physiological prosthesis 
regurgitant flow, the presence of central prosthesis                
regurgitation, and pronounced spontaneous echo contrasts 
in the left atrium7.

As with any other diagnostic modality, TOE has some 
limitations: aortic prostheses are more difficult to evaluate 
than mitral prostheses, and the ventricular side of a mitral 
prosthesis is more difficult to evaluate than the atrial side. It 
is also important to differentiate small thrombi from strands 
or sutures. Strands are believed to be fibrin filaments, 
appearing as fine (1 mm), filamentous, mobile echos of 
variable length (around 10 mm), most often observed on the 
atrial side of mitral prostheses. Although the precise nature 
of these strands remains undetermined, recent studies do not 
suggest an embolic risk7.

Cine fluoroscopy (CF): As all commercially available 
mechanical valves available since the 1980s are 
radio-opaque, cine fluoroscopy is an important part of the 
diagnostic evaluation of suspected PVT7. The exact              
visualization of mechanical prosthetic heart valve leaflet 
motion is best achieved by cine fluoroscopy8. It is a 
low-cost, noninvasive imaging technique, with limited 
radiation exposure that allows the correct evaluation of 
opening and closing angles and the motion of the base ring 
of the prosthetic heart valve and can add diagnostic value to 
echocardiography. It carries advantage over TOE for the 
visualization of leaflet motion in aortic prostheses, while the 
two modalities demonstrate comparable results in mitral 
prostheses34.

In high volume centers, cine fluroscopy is a quick and good 
screening test as it can diagnose obstructive as well as 
nonobstructive valve thrombosis in form of decreased 
leaflet motion (Figure 4A). To visualize the aortic valve in 
profile, left anterior oblique view is used while mitral valve 
is visualized best in right anterior oblique view. In the         
opposite oblique view, base ring is positioned to yield an en 
face view. There is no single technique for attaining an 
orientation due to surgeon’s individual variation in          
prosthesis orientation3. Sensitivity, specificity and positive 
predictive value for detection of vale obstruction are 87%, 
78%, 80% and 75%, 64%, 57% for CF and TTE35. It can also 
assessed successful thrombolysis by visualizing normal 
leaflet motion (Figure 4B).

Multidetector cardiac computed tomography (MDCT):  
Multidetector cardiac computed tomography allows both 
precise estimation of the disc’s mobility, as accurately as 
with fluoroscopy, and the differentiation between a            
thrombus and a pannus (although the exact cut-off values 
for this distinction have not been established yet), which is 
difficult with TEE mainly in the aortic position36.

Treatment
Mechanical left-sided prosthetic valve obstruction is a 
serious complication with high mortality and morbidity and 
requires urgent therapy with either fibrinolytic therapy or 
surgical intervention37. The management of mechanical 
prosthetic valve thrombosis is high risk, whatever the option 
taken. Surgery is high risk because it is most often 
performed under emergency conditions and is a reinterven-
tion. On the other hand, fibrinolysis carries risks of           
bleeding, systemic embolism and recurrent thrombosis that 
are higher than after surgery38.

The results of fibrinolytic therapy before 2013 showed an 
overall 30-day mortality rate of 7% and hemodynamic 
success rate of 75% but a thromboembolism rate of 13% and 
major bleeding rate of 6% (intracerebral hemorrhage, 
3%)11,39-44. However, recent reports using an echocardio-
gram-guided slow-infusion low-dose fibrinolytic protocol 
have shown success rates >90%, with embolic event rates 
<2% and major bleeding rates <2%45,46. This fibrinolytic 
therapy regimen can be successful even in patients with 
advanced NYHA class and larger-sized thrombi37. Slow-in-
fusion fibrinolytic therapy has higher success rates and 
lower complication rates than prior high-dose regimens and 
is effective in patients previously thought to require urgent 
surgical intervention. The decision for emergency surgery 
versus fibrinolytic therapy should be based on multiple 
factors, including the availability of surgical expertise and 
the clinical experience with both treatments (table 4)37. 

Table 4: Fibrinolysis Versus Surgery for Prosthetic Valve 
Thrombosis

CAD indicates coronary artery disease; and NYHA, New York Heart 
Association.

The optimal management of patients with PVT is                 
controversial and there are significant discrepancies 
between the several published recommendations and      
guidelines37,47-49. To date, there are no prospective randomized 
controlled trials comparing the two strategies and,          
henceforth, current recommendations are mostly extrapolated 
from case series with few hundreds of patients, with 
substantial differences in definitions, therapeutic regimens, 
and surgical experience50. Table 5 summarizes the different 
recommendations available and proposed by the different 
societies.

Table 5: Current guidelines regarding therapeutic strategies 
(Surgery vs. Fibrinolysis) on mechanic heart valve thrombosis.

Legends: ACC/AHA: American College of Cardiolo-
gy/American Heart Association; ACCP: American College 
of Chest Physicians; CAD: Coronary Artery Disease; 
ESC/EACTS: European Society of Cardiology/European 
Association for Cardio-Thoracic Surgery; NYHA: New 
York Heart Association; SHVD: Society of Heart Valve 
Disease; UHF: Unfractionated Heparin

Traditionally, surgery has been the treatment of choice for 
obstructive PV thrombosis, with the fibrinolytic therapy 
emerging recently50. Although there is a tendency favoring a 
surgical approach, thrombolysis remains a valid option in 
high-risk patients or when immediate surgery is not        
available. One major concern of fibrinolytic therapy is the 
absence of consensus regarding the best agent and its 
administration, which might explain the discrepancies 
regarding efficacy and safety (Table 6)50.

Table 6: Current guidelines regarding fibrinolytic strategies 
in PVT.

Legends: ACC/AHA: American College of Cardiology/American Heart 
Association; ACCP: American College of Chest Physicians; ESC/EACTS: 
European Society of Cardiology/European Association for Cardio-   
Thoracic Surgery; rt-PA: Alteplase; SHVD: Society of Heart Valve 
Disease; STK: Streptokinase; TOE: Transesophageal Echocardiography; 
UHF: Unfractionated Heparin.

In 1971, Luluaga et al. (1971)12 were the first to report 
thrombolytic therapy with streptokinase in stuck tricuspid 
valve. Three years later, Baille et al. (1974)51 reported the 
use of thrombolysis in a stuck left-sided (aortic) valve. 
Ozkan et al. (2013)43 performed five different thrombolytic 
treatment strategies in patients with PVT. These regimens 
included rapid streptokinase (1.5 MU/3 h), slow streptoki-
nase (1.5 MU/24 h), high dose rt-PA (100 mg, 10 mg bolus, 
90 mg/5 h), half-dose slow infusion rt-PA (50 mg/6 h), and 
low-dose slow infusion rt-PA (25 mg/6 h). Treatment 
success did not differ between the groups. However, the 
complication rate was found to be significantly lower in the 
slow infusion low-dose rt-PA group than in the other 
groups. Roudaut et al. (1992)52 reported higher thrombolytic 
success rates for aortic than mitral prosthetic valves. Some 
authors suggested that the bileaflet valve thrombotic          
occlusions were more responsive to thrombolysis52,53. An 
explanation for this was the potential for the flow obstruction 
by a smaller thrombus occupying the critical pivot point in a 
bileaflet valve as compared with a single disk valve.    

Figure 4: Fluoroscopy-A) Obstructed disc before fibrinolysis; 
B) Normal mobility of both discs after fibrolysis

Malik F et al.Prosthetic Valve Thrombosis: Review Article
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Diagnosis
Diagnosis of PVT (Table 2) is by clinical history (especially 
relative to level of anticoagulation, left or right sided heart 
failure depending on the valve involved), cardiac               
auscultation (which may reveal muffled prosthetic opening 
and closing sounds), and ultimately an imaging study         
(fluoroscopy or echocardiography)32.

Table 2: Diagnosis of prosthetic valve thrombosis

• History of subtherapeutic anticoagulation

• Symptoms suggestive of embolic phenomena or 
compromise of the cardiac output

• Muffled prosthetic opening and closing sounds

• Imaging study revealing reduced motion of the valve 
leaflets (echocardiogram or fluoroscopy)

Echocardiography has become a powerful diagnostic 
technique because of its ability to supply accurate hemody-
namic data and to provide direct visualization of the 
prosthesis33.

Transthoracic echocardiography (TTE): By providing direct 
visualisation of the prosthesis and a measure of transvalvu-
lar gradients, TTE is an essential part of diagnostic assess-
ment (table 3). Using colour Doppler, abnormal transpros-
thetic flow (as indicated by aliasing) or central regurgita-
tion, indicating abnormal valve closure, can be observed. 
Transprosthetic gradients and effective orifice area are 
determined using continuous Doppler. Pulmonary artery 
pressures and cardiac output should also be measured. 
Direct signs of PVT include abnormal movement of the 
prosthesis (immobile hemi-disc, incomplete or delayed 
opening) or visualisation of a paraprosthetic thrombus7.

Table 3: Echocardiographic signs of obstructive prosthetic 
valve thrombosis7

• Reduced valve mobility

• Presence of thrombus

• Abnormal transprosthetic flow

• Central prosthetic regurgitation

• Elevated transprosthetic gradients

• Reduced effective prosthetic area

In some centers, TTE is preferred or the only modality  
available for diagnosis. PVT may be suspected if the 
Doppler-derived gradients are twice as high as empirically 
found in normal prostheses. For mitral prostheses, a mean 
gradient >6 mmHg and an effective area <1.3 cm2 is 
suggestive of PVT and >8 mmHg is indicative of PVT 
(Figure 3A). For aortic prostheses, mean gradient above 30 
mmHg is abnormal and indicated further investigation for 
PVT. Mean gradient >45 mmHg in absent of other causes is 
considered as the criteria for PVT7. TTE is used for calculation 
of gradient and response to thrombolytic therapy (Figure 3B).

Figure 3: Transthoracic echocardiography revealed high 
transvalvular gradients: MV maxPG 23.06 mmHg, MV 
mean PG 16.74 mmHg before thrombolysis (3A) and 
normal transvalvular gradients: MV maxPG 4.17 mmHg, 
MV mean PG 2.17 mmHg after thrombolysis (3B).

Limitations of TTE include quality of the acoustic window, 
artefacts associated with the prosthesis, and non-obstructive 
PVT (where TTE will usually be normal). In conditions of 
low cardiac output, transvalvular gradients can be within the 
normal range despite significant prosthetic valve obstruc-
tion, so-called ‘‘silent Doppler PVT’’. Hence if clinical 
suspicion remains, the investigation should be completed 
with a Transoesophageal Echocardiography (TOE) study7.

Transoesophageal echocardiography: Once the diagnosis 
is strongly considered on the basis of TTE or cinefluroscopy, 
transesophageal echocardiography (TOE) helps further in 
confirming the diagnosis and differentiating pannus versus 
thrombus. TOE also plays a role in planning the manage-
ment by calculating thrombus area and has been incorporat-
ed in guidelines3. Direct signs of PVT include immobility or 
reduced leaflet mobility, and the presence of thrombus on 
either side of the prosthesis, with or without obstruction. 
Thrombi have to be differentiated from a fibrous pannus, 
which is usually annular in location. Pannus formation is 
more frequent on aortic than on mitral prostheses. When 
observed on mitral prosthetic valves, they most often occur 
on the atrial side of the prosthesis. Typically presenting as a 
very dense immobile echo, pannus are typically encountered 
in patients with a normal anticoagulation profile and with 

subacute or chronic symptoms. Indirect TOE signs of PVT 
are the disappearance of the normal physiological prosthesis 
regurgitant flow, the presence of central prosthesis                
regurgitation, and pronounced spontaneous echo contrasts 
in the left atrium7.

As with any other diagnostic modality, TOE has some 
limitations: aortic prostheses are more difficult to evaluate 
than mitral prostheses, and the ventricular side of a mitral 
prosthesis is more difficult to evaluate than the atrial side. It 
is also important to differentiate small thrombi from strands 
or sutures. Strands are believed to be fibrin filaments, 
appearing as fine (1 mm), filamentous, mobile echos of 
variable length (around 10 mm), most often observed on the 
atrial side of mitral prostheses. Although the precise nature 
of these strands remains undetermined, recent studies do not 
suggest an embolic risk7.

Cine fluoroscopy (CF): As all commercially available 
mechanical valves available since the 1980s are 
radio-opaque, cine fluoroscopy is an important part of the 
diagnostic evaluation of suspected PVT7. The exact              
visualization of mechanical prosthetic heart valve leaflet 
motion is best achieved by cine fluoroscopy8. It is a 
low-cost, noninvasive imaging technique, with limited 
radiation exposure that allows the correct evaluation of 
opening and closing angles and the motion of the base ring 
of the prosthetic heart valve and can add diagnostic value to 
echocardiography. It carries advantage over TOE for the 
visualization of leaflet motion in aortic prostheses, while the 
two modalities demonstrate comparable results in mitral 
prostheses34.

In high volume centers, cine fluroscopy is a quick and good 
screening test as it can diagnose obstructive as well as 
nonobstructive valve thrombosis in form of decreased 
leaflet motion (Figure 4A). To visualize the aortic valve in 
profile, left anterior oblique view is used while mitral valve 
is visualized best in right anterior oblique view. In the         
opposite oblique view, base ring is positioned to yield an en 
face view. There is no single technique for attaining an 
orientation due to surgeon’s individual variation in          
prosthesis orientation3. Sensitivity, specificity and positive 
predictive value for detection of vale obstruction are 87%, 
78%, 80% and 75%, 64%, 57% for CF and TTE35. It can also 
assessed successful thrombolysis by visualizing normal 
leaflet motion (Figure 4B).

Multidetector cardiac computed tomography (MDCT):  
Multidetector cardiac computed tomography allows both 
precise estimation of the disc’s mobility, as accurately as 
with fluoroscopy, and the differentiation between a            
thrombus and a pannus (although the exact cut-off values 
for this distinction have not been established yet), which is 
difficult with TEE mainly in the aortic position36.

Treatment
Mechanical left-sided prosthetic valve obstruction is a 
serious complication with high mortality and morbidity and 
requires urgent therapy with either fibrinolytic therapy or 
surgical intervention37. The management of mechanical 
prosthetic valve thrombosis is high risk, whatever the option 
taken. Surgery is high risk because it is most often 
performed under emergency conditions and is a reinterven-
tion. On the other hand, fibrinolysis carries risks of           
bleeding, systemic embolism and recurrent thrombosis that 
are higher than after surgery38.

The results of fibrinolytic therapy before 2013 showed an 
overall 30-day mortality rate of 7% and hemodynamic 
success rate of 75% but a thromboembolism rate of 13% and 
major bleeding rate of 6% (intracerebral hemorrhage, 
3%)11,39-44. However, recent reports using an echocardio-
gram-guided slow-infusion low-dose fibrinolytic protocol 
have shown success rates >90%, with embolic event rates 
<2% and major bleeding rates <2%45,46. This fibrinolytic 
therapy regimen can be successful even in patients with 
advanced NYHA class and larger-sized thrombi37. Slow-in-
fusion fibrinolytic therapy has higher success rates and 
lower complication rates than prior high-dose regimens and 
is effective in patients previously thought to require urgent 
surgical intervention. The decision for emergency surgery 
versus fibrinolytic therapy should be based on multiple 
factors, including the availability of surgical expertise and 
the clinical experience with both treatments (table 4)37. 

Table 4: Fibrinolysis Versus Surgery for Prosthetic Valve 
Thrombosis

CAD indicates coronary artery disease; and NYHA, New York Heart 
Association.

The optimal management of patients with PVT is                 
controversial and there are significant discrepancies 
between the several published recommendations and      
guidelines37,47-49. To date, there are no prospective randomized 
controlled trials comparing the two strategies and,          
henceforth, current recommendations are mostly extrapolated 
from case series with few hundreds of patients, with 
substantial differences in definitions, therapeutic regimens, 
and surgical experience50. Table 5 summarizes the different 
recommendations available and proposed by the different 
societies.

Table 5: Current guidelines regarding therapeutic strategies 
(Surgery vs. Fibrinolysis) on mechanic heart valve thrombosis.

Legends: ACC/AHA: American College of Cardiolo-
gy/American Heart Association; ACCP: American College 
of Chest Physicians; CAD: Coronary Artery Disease; 
ESC/EACTS: European Society of Cardiology/European 
Association for Cardio-Thoracic Surgery; NYHA: New 
York Heart Association; SHVD: Society of Heart Valve 
Disease; UHF: Unfractionated Heparin

Traditionally, surgery has been the treatment of choice for 
obstructive PV thrombosis, with the fibrinolytic therapy 
emerging recently50. Although there is a tendency favoring a 
surgical approach, thrombolysis remains a valid option in 
high-risk patients or when immediate surgery is not        
available. One major concern of fibrinolytic therapy is the 
absence of consensus regarding the best agent and its 
administration, which might explain the discrepancies 
regarding efficacy and safety (Table 6)50.

Table 6: Current guidelines regarding fibrinolytic strategies 
in PVT.

Legends: ACC/AHA: American College of Cardiology/American Heart 
Association; ACCP: American College of Chest Physicians; ESC/EACTS: 
European Society of Cardiology/European Association for Cardio-   
Thoracic Surgery; rt-PA: Alteplase; SHVD: Society of Heart Valve 
Disease; STK: Streptokinase; TOE: Transesophageal Echocardiography; 
UHF: Unfractionated Heparin.

In 1971, Luluaga et al. (1971)12 were the first to report 
thrombolytic therapy with streptokinase in stuck tricuspid 
valve. Three years later, Baille et al. (1974)51 reported the 
use of thrombolysis in a stuck left-sided (aortic) valve. 
Ozkan et al. (2013)43 performed five different thrombolytic 
treatment strategies in patients with PVT. These regimens 
included rapid streptokinase (1.5 MU/3 h), slow streptoki-
nase (1.5 MU/24 h), high dose rt-PA (100 mg, 10 mg bolus, 
90 mg/5 h), half-dose slow infusion rt-PA (50 mg/6 h), and 
low-dose slow infusion rt-PA (25 mg/6 h). Treatment 
success did not differ between the groups. However, the 
complication rate was found to be significantly lower in the 
slow infusion low-dose rt-PA group than in the other 
groups. Roudaut et al. (1992)52 reported higher thrombolytic 
success rates for aortic than mitral prosthetic valves. Some 
authors suggested that the bileaflet valve thrombotic          
occlusions were more responsive to thrombolysis52,53. An 
explanation for this was the potential for the flow obstruction 
by a smaller thrombus occupying the critical pivot point in a 
bileaflet valve as compared with a single disk valve.    

Figure 4: Fluoroscopy-A) Obstructed disc before fibrinolysis; 
B) Normal mobility of both discs after fibrolysis

Favor Surgery Favor Fibrinolysis

Readily available surgical expertise  No surgical expertise available  
Low surgical risk  High surgical risk  
Contraindication to fibrinolysis  No contraindication to fibrinolysis  
Recurrent valve thrombosis  First-time episode of valve thrombosis 

 

NYHA class IV  NYHA class I–III  
Large clot (>0.8 cm2)  Small clot (≤0.8 cm2)  
Left atrial thrombus  No left atrial thrombus  
Concomitant CAD in need of 
revascularization  

No or mild CAD  

Other valve disease  No other valve disease  
Possible pannus  Thrombus visualized  
Patient choice  Patient choice 

Malik F et al.JNHFB Jul 2019
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Diagnosis
Diagnosis of PVT (Table 2) is by clinical history (especially 
relative to level of anticoagulation, left or right sided heart 
failure depending on the valve involved), cardiac               
auscultation (which may reveal muffled prosthetic opening 
and closing sounds), and ultimately an imaging study         
(fluoroscopy or echocardiography)32.

Table 2: Diagnosis of prosthetic valve thrombosis

• History of subtherapeutic anticoagulation

• Symptoms suggestive of embolic phenomena or 
compromise of the cardiac output

• Muffled prosthetic opening and closing sounds

• Imaging study revealing reduced motion of the valve 
leaflets (echocardiogram or fluoroscopy)

Echocardiography has become a powerful diagnostic 
technique because of its ability to supply accurate hemody-
namic data and to provide direct visualization of the 
prosthesis33.

Transthoracic echocardiography (TTE): By providing direct 
visualisation of the prosthesis and a measure of transvalvu-
lar gradients, TTE is an essential part of diagnostic assess-
ment (table 3). Using colour Doppler, abnormal transpros-
thetic flow (as indicated by aliasing) or central regurgita-
tion, indicating abnormal valve closure, can be observed. 
Transprosthetic gradients and effective orifice area are 
determined using continuous Doppler. Pulmonary artery 
pressures and cardiac output should also be measured. 
Direct signs of PVT include abnormal movement of the 
prosthesis (immobile hemi-disc, incomplete or delayed 
opening) or visualisation of a paraprosthetic thrombus7.

Table 3: Echocardiographic signs of obstructive prosthetic 
valve thrombosis7

• Reduced valve mobility

• Presence of thrombus

• Abnormal transprosthetic flow

• Central prosthetic regurgitation

• Elevated transprosthetic gradients

• Reduced effective prosthetic area

In some centers, TTE is preferred or the only modality  
available for diagnosis. PVT may be suspected if the 
Doppler-derived gradients are twice as high as empirically 
found in normal prostheses. For mitral prostheses, a mean 
gradient >6 mmHg and an effective area <1.3 cm2 is 
suggestive of PVT and >8 mmHg is indicative of PVT 
(Figure 3A). For aortic prostheses, mean gradient above 30 
mmHg is abnormal and indicated further investigation for 
PVT. Mean gradient >45 mmHg in absent of other causes is 
considered as the criteria for PVT7. TTE is used for calculation 
of gradient and response to thrombolytic therapy (Figure 3B).

Figure 3: Transthoracic echocardiography revealed high 
transvalvular gradients: MV maxPG 23.06 mmHg, MV 
mean PG 16.74 mmHg before thrombolysis (3A) and 
normal transvalvular gradients: MV maxPG 4.17 mmHg, 
MV mean PG 2.17 mmHg after thrombolysis (3B).

Limitations of TTE include quality of the acoustic window, 
artefacts associated with the prosthesis, and non-obstructive 
PVT (where TTE will usually be normal). In conditions of 
low cardiac output, transvalvular gradients can be within the 
normal range despite significant prosthetic valve obstruc-
tion, so-called ‘‘silent Doppler PVT’’. Hence if clinical 
suspicion remains, the investigation should be completed 
with a Transoesophageal Echocardiography (TOE) study7.

Transoesophageal echocardiography: Once the diagnosis 
is strongly considered on the basis of TTE or cinefluroscopy, 
transesophageal echocardiography (TOE) helps further in 
confirming the diagnosis and differentiating pannus versus 
thrombus. TOE also plays a role in planning the manage-
ment by calculating thrombus area and has been incorporat-
ed in guidelines3. Direct signs of PVT include immobility or 
reduced leaflet mobility, and the presence of thrombus on 
either side of the prosthesis, with or without obstruction. 
Thrombi have to be differentiated from a fibrous pannus, 
which is usually annular in location. Pannus formation is 
more frequent on aortic than on mitral prostheses. When 
observed on mitral prosthetic valves, they most often occur 
on the atrial side of the prosthesis. Typically presenting as a 
very dense immobile echo, pannus are typically encountered 
in patients with a normal anticoagulation profile and with 

subacute or chronic symptoms. Indirect TOE signs of PVT 
are the disappearance of the normal physiological prosthesis 
regurgitant flow, the presence of central prosthesis                
regurgitation, and pronounced spontaneous echo contrasts 
in the left atrium7.

As with any other diagnostic modality, TOE has some 
limitations: aortic prostheses are more difficult to evaluate 
than mitral prostheses, and the ventricular side of a mitral 
prosthesis is more difficult to evaluate than the atrial side. It 
is also important to differentiate small thrombi from strands 
or sutures. Strands are believed to be fibrin filaments, 
appearing as fine (1 mm), filamentous, mobile echos of 
variable length (around 10 mm), most often observed on the 
atrial side of mitral prostheses. Although the precise nature 
of these strands remains undetermined, recent studies do not 
suggest an embolic risk7.

Cine fluoroscopy (CF): As all commercially available 
mechanical valves available since the 1980s are 
radio-opaque, cine fluoroscopy is an important part of the 
diagnostic evaluation of suspected PVT7. The exact              
visualization of mechanical prosthetic heart valve leaflet 
motion is best achieved by cine fluoroscopy8. It is a 
low-cost, noninvasive imaging technique, with limited 
radiation exposure that allows the correct evaluation of 
opening and closing angles and the motion of the base ring 
of the prosthetic heart valve and can add diagnostic value to 
echocardiography. It carries advantage over TOE for the 
visualization of leaflet motion in aortic prostheses, while the 
two modalities demonstrate comparable results in mitral 
prostheses34.

In high volume centers, cine fluroscopy is a quick and good 
screening test as it can diagnose obstructive as well as 
nonobstructive valve thrombosis in form of decreased 
leaflet motion (Figure 4A). To visualize the aortic valve in 
profile, left anterior oblique view is used while mitral valve 
is visualized best in right anterior oblique view. In the         
opposite oblique view, base ring is positioned to yield an en 
face view. There is no single technique for attaining an 
orientation due to surgeon’s individual variation in          
prosthesis orientation3. Sensitivity, specificity and positive 
predictive value for detection of vale obstruction are 87%, 
78%, 80% and 75%, 64%, 57% for CF and TTE35. It can also 
assessed successful thrombolysis by visualizing normal 
leaflet motion (Figure 4B).

Multidetector cardiac computed tomography (MDCT):  
Multidetector cardiac computed tomography allows both 
precise estimation of the disc’s mobility, as accurately as 
with fluoroscopy, and the differentiation between a            
thrombus and a pannus (although the exact cut-off values 
for this distinction have not been established yet), which is 
difficult with TEE mainly in the aortic position36.

Treatment
Mechanical left-sided prosthetic valve obstruction is a 
serious complication with high mortality and morbidity and 
requires urgent therapy with either fibrinolytic therapy or 
surgical intervention37. The management of mechanical 
prosthetic valve thrombosis is high risk, whatever the option 
taken. Surgery is high risk because it is most often 
performed under emergency conditions and is a reinterven-
tion. On the other hand, fibrinolysis carries risks of           
bleeding, systemic embolism and recurrent thrombosis that 
are higher than after surgery38.

The results of fibrinolytic therapy before 2013 showed an 
overall 30-day mortality rate of 7% and hemodynamic 
success rate of 75% but a thromboembolism rate of 13% and 
major bleeding rate of 6% (intracerebral hemorrhage, 
3%)11,39-44. However, recent reports using an echocardio-
gram-guided slow-infusion low-dose fibrinolytic protocol 
have shown success rates >90%, with embolic event rates 
<2% and major bleeding rates <2%45,46. This fibrinolytic 
therapy regimen can be successful even in patients with 
advanced NYHA class and larger-sized thrombi37. Slow-in-
fusion fibrinolytic therapy has higher success rates and 
lower complication rates than prior high-dose regimens and 
is effective in patients previously thought to require urgent 
surgical intervention. The decision for emergency surgery 
versus fibrinolytic therapy should be based on multiple 
factors, including the availability of surgical expertise and 
the clinical experience with both treatments (table 4)37. 

Table 4: Fibrinolysis Versus Surgery for Prosthetic Valve 
Thrombosis

CAD indicates coronary artery disease; and NYHA, New York Heart 
Association.

The optimal management of patients with PVT is                 
controversial and there are significant discrepancies 
between the several published recommendations and      
guidelines37,47-49. To date, there are no prospective randomized 
controlled trials comparing the two strategies and,          
henceforth, current recommendations are mostly extrapolated 
from case series with few hundreds of patients, with 
substantial differences in definitions, therapeutic regimens, 
and surgical experience50. Table 5 summarizes the different 
recommendations available and proposed by the different 
societies.

Table 5: Current guidelines regarding therapeutic strategies 
(Surgery vs. Fibrinolysis) on mechanic heart valve thrombosis.

Legends: ACC/AHA: American College of Cardiolo-
gy/American Heart Association; ACCP: American College 
of Chest Physicians; CAD: Coronary Artery Disease; 
ESC/EACTS: European Society of Cardiology/European 
Association for Cardio-Thoracic Surgery; NYHA: New 
York Heart Association; SHVD: Society of Heart Valve 
Disease; UHF: Unfractionated Heparin

Traditionally, surgery has been the treatment of choice for 
obstructive PV thrombosis, with the fibrinolytic therapy 
emerging recently50. Although there is a tendency favoring a 
surgical approach, thrombolysis remains a valid option in 
high-risk patients or when immediate surgery is not        
available. One major concern of fibrinolytic therapy is the 
absence of consensus regarding the best agent and its 
administration, which might explain the discrepancies 
regarding efficacy and safety (Table 6)50.

Table 6: Current guidelines regarding fibrinolytic strategies 
in PVT.

Legends: ACC/AHA: American College of Cardiology/American Heart 
Association; ACCP: American College of Chest Physicians; ESC/EACTS: 
European Society of Cardiology/European Association for Cardio-   
Thoracic Surgery; rt-PA: Alteplase; SHVD: Society of Heart Valve 
Disease; STK: Streptokinase; TOE: Transesophageal Echocardiography; 
UHF: Unfractionated Heparin.

In 1971, Luluaga et al. (1971)12 were the first to report 
thrombolytic therapy with streptokinase in stuck tricuspid 
valve. Three years later, Baille et al. (1974)51 reported the 
use of thrombolysis in a stuck left-sided (aortic) valve. 
Ozkan et al. (2013)43 performed five different thrombolytic 
treatment strategies in patients with PVT. These regimens 
included rapid streptokinase (1.5 MU/3 h), slow streptoki-
nase (1.5 MU/24 h), high dose rt-PA (100 mg, 10 mg bolus, 
90 mg/5 h), half-dose slow infusion rt-PA (50 mg/6 h), and 
low-dose slow infusion rt-PA (25 mg/6 h). Treatment 
success did not differ between the groups. However, the 
complication rate was found to be significantly lower in the 
slow infusion low-dose rt-PA group than in the other 
groups. Roudaut et al. (1992)52 reported higher thrombolytic 
success rates for aortic than mitral prosthetic valves. Some 
authors suggested that the bileaflet valve thrombotic          
occlusions were more responsive to thrombolysis52,53. An 
explanation for this was the potential for the flow obstruction 
by a smaller thrombus occupying the critical pivot point in a 
bileaflet valve as compared with a single disk valve.    

Figure 4: Fluoroscopy-A) Obstructed disc before fibrinolysis; 
B) Normal mobility of both discs after fibrolysis

Guidelines  Valve 
Status  

Patient Status  Recommendation  Class  

 
 
 
 
 
ESC/EACTS 
201747 

 
 
Obstructive 

Critically ill patient Surgery I 
Surgery not available  

 
Fibrinolysis 

 
IIa Prohibitive risk factors for surgery 

Right sided valve 
 
Non-
obstructive 

Persistent large (>10 mm) thrombus or 
complicated by thromboembolism 

 
Surgery 

 
IIa 

Prohibitive risk factors for surgery Fibrinolysis IIa 
 
 
 
 
SHVD 200548  

 
Obstructive 

All patients independent of NYHA class Fibrinolysis I 
Failed fibrinolysis or contraindication Surgery I 

 
 
Non-
obstructive 

Small (<5 mm) thrombus that persist after 
48 h of UFH 

Fibrinolysis IIa 

Big (>5 mm) thrombus 
Critically ill patient 
Failed fibrinolysis Surgery IIa 

 
 
 
 
 
 
 
ACC/AHA 
2014 (2017  
revised)37 

 
 
 
 
 
 
 
 
Obstructive 

NYHA Class IV  
 
 
Surgery 

 
 
 
I 

Large clot (>0.8 cm 2) Concomitant CAD 
in need of revascularization 
Recurrent valve thrombosis Left atrial 
thrombus 
Possible pannus physiopathology  
Contraindication to fibrinolysis 
NYHA Class I-III  

 
 
Fibrinolysis 

 
 
 
I 
 
 

Right sided valve 
Small clot (<0.8 cm2) 
First episode of valve thrombosis 
Evident prosthetic thrombosis 
High surgical risk 

ACCP 201249 Obstructive Large clot (≥ 0.8 cm2) Surgery 2 
Prohibitive risk factors for surgery  

Fibrinolysis 
 
2 Small clot (<0.8 cm2) 

Right sided valve 
 

Guidelines  Agent  Dose Concomitant 
UFH 

Comments  

ESC/EACTS 
2017 [47] 

rt-PA 10 mg bolus +90 mg in 90 min Yes  
STK 1.500.000 U in 60 min No  

SHVD 2005  
[48] 

rt-PA 10 mg bolus +90 mg in 90 min Yes Critically ill patients 
 
 
 
STK 

250.000 U in 30 min +100.000 
U/h 

No Stop at 72 h, 
disappearance of 
thrombosis by 
TOE, or until 
fibrinogen drops to 
zero 

500.000 U in 20 min 
+1.500.000 U over 10 h 

No  

ACC/AHA 
2014 (2017 
revised)37 

rt-PA 25 mg in 6 h Yes Up to 6 times, for a 
maximum dose of 
150 mg 
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infection, thrombosis, embolism and bleeding of the society for 
heart valve disease. Recommendations for the management of 
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2019. Obstructive Mechanical Mitral Valve Thrombosis: A Case 
Report. Ann Clin Case Rep 2019;4:1-4.

51. Baille Y, Choffel J, Sicard MP, Malmejac C, Metras D, Delaye A, 
Traitement thrombolytique des thromboses de prothese valvulaire 
(letter). Nouv Presse Med 1974;3:1233.
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The St. Jude valve: thrombolysis as the first line of therapy for 
cardiac valve thrombosis. Circulation 1993; 87:30-37.

54. Bonow RO, Carabello BA, Chatterjee K, de Leon AC Jr, Faxon DP, 
Freed MD, Gaasch WH, Lytle BW, Nishimura RA, O'Gara PT, 
O'Rourke RA, Otto CM, Shah PM, Shanewise JS, Smith SC Jr, 

Jacobs AK, Adams CD, Anderson JL, Antman EM, Fuster V, 
Halperin JL, Hiratzka LF, Hunt SA, Lytle BW, Nishimura R, Page 
RL, Riegel B. ACC/AHA 2006 guidelines for the management of 
patients with valvular heart disease: a report of the American 
College of Cardiology/American Heart Association Task Force on 
Practice Guidelines (writing Committee to Revise the 1998 
guidelines for the management of patients with valvular heart 
disease) developed in collaboration with the Society of Cardiovascu-
lar Anesthesiologists endorsed by the Society for Cardiovascular 
Angiography and Interventions and the Society of Thoracic 
Surgeons. J Am Coll Cardiol 2006;48:e1-148.

55. Delacretaz E, Beer J, Fleisch M, Meyer BJ, Kaufmann U, Meier B. 
Low-dose Thrombolysis for Thrombosed Prosthetic Heart Valve. 
Chest 1996;110:574-575

56. Ledain LD, Ohayon JP, Colle JP, Lorient–Roudaut FM, Roudaut 
RP, Besse PM. Acute tiirombotic obstruction with disc valve 
prostheses: diagnostic considerations and fibrinolytic treatment. J 
Am Coll Cardiol 1986;7:743-7519.

57. Vasan RS, Kaul U, Sangvis, et al. Thrombolytic therapy for 
prosthetic valve thrombosis: a study based on serial Doppler 
echocardiographic evaluation. Am Heart J 1992;123:1575-1580.

58. Graver LM, Gelber PM, Tyras DH. The risks and benefits of 
thrombolytic therapy in acute aortic and mitral prosthetic valve 
dysfunction: report of a case and review of the literature. Ann 
Thorac Surg 1988;46:85-88.
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sus S. Clinical experience in 3 cases, 5 events of thrombosed 
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60. Witchitz S, Veyrat C, Moisson P, Scheinman N, Rozenstajn L. 
Fibrinolytic treatment of thrombus on prosthetic heart valves. Br 
Heart J 1980;44:545-554.

During thrombolysis therapy, adjuvant anticoagulation is 
not recommended. Administration of warfarin should be 
discontinued15. At the end of thrombolyic therapy, treatment 
with heparin to achieve aPTT 50 to 80 seconds by continu-
ous infusion is recommended to prevent recurrent thrombo-
sis32. Conversion to oral anticoagulation is targeted to an 
INR of 2.5 to 3.5 according to the standard recommenda-
tions54. During fibrinolysis of left-sided valve prostheses, 
the risk of embolization of thrombosed material has to be 
considered55. The incidence of systemic embolization is 
approximately 15% in the case of left-sided prostheses56. 
Lower doses of thrombolytic agents are thought to decrease 
the risk of systemic embolization,53 possibly because the 
size of the lysed particles detaching from the thrombus is 
smaller, due to the slower lysis rate.

Duration of administration of thrombolytic agents depends 
on the achievement of an improved hemodynamic effect or 
the disappearance of thrombus32. In obstructive PVT, 
Doppler echocardiography (performed every 2 to 3 h) is 
recommended for hemodynamic monitoring32. Thrombolytic 
infusion should be stopped when values of pressure gradient 
and valve area return to normal or near normal. If there is no 
normal baseline value for a given patient and the result is 
equivocal, repeat TOE is recommended. In nonobstructive 
cases, TOE is the only technique that is useful for monitor-
ing treatment. TOE should be performed at 24 h and if 
thrombus is still present, should be repeated at 48 and at 72 
h if necessary. Duration of thrombolytic treatment has 
varied between 2 and 120 h57,58. The administration of lytic 
agent should be stopped if there is no hemodynamic 
improvement at 24 h or after 72 h, even without complete 
hemodynamic recovery. If D-dimer and aPTT do not 
increase, and fibrinogen does not decrease at 24 h of lytic 
treatment (failure to document a lytic state), the infusion can 
be discontinued. If Streptokinase (SK) was used, urokinase 
(UK) may be tried because antibodies to SK may have 
prevented its action. In case of unsuccessful thrombolysis, 
operation is indicated and can be performed 24 h after the 
discontinuation of the infusion59 or 2 h after fibrinolytic 
activity has been neutralized by protease inhibitors60.

Conclusion
Prosthetic valve thrombosis (PVT) is a rare and severe 
complication seen after heart valve replacement and is 
associated with high mortality and morbidity. Suspicion of 
PVT is an urgent clinical condition, which warrants rapid 
diagnostic assessment. The principle risk factors for PVT 
are inadequate anticoagulation or fluctuation in anticoagulation 
levels. Diagnosis will be based on the findings of the clinical 
examination, cinefluoroscopy and echocardiography. The 
typical clinical finding in PVT is diminution of the occluder 
clicks. Visualization of a thrombus is not a prerequisite for 
thrombolysis. Therapeutic strategy will be influenced by 
prosthesis location, the presence or absence of valvular 
obstruction, and by the patient’s clinical status.
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During thrombolysis therapy, adjuvant anticoagulation is 
not recommended. Administration of warfarin should be 
discontinued15. At the end of thrombolyic therapy, treatment 
with heparin to achieve aPTT 50 to 80 seconds by continu-
ous infusion is recommended to prevent recurrent thrombo-
sis32. Conversion to oral anticoagulation is targeted to an 
INR of 2.5 to 3.5 according to the standard recommenda-
tions54. During fibrinolysis of left-sided valve prostheses, 
the risk of embolization of thrombosed material has to be 
considered55. The incidence of systemic embolization is 
approximately 15% in the case of left-sided prostheses56. 
Lower doses of thrombolytic agents are thought to decrease 
the risk of systemic embolization,53 possibly because the 
size of the lysed particles detaching from the thrombus is 
smaller, due to the slower lysis rate.

Duration of administration of thrombolytic agents depends 
on the achievement of an improved hemodynamic effect or 
the disappearance of thrombus32. In obstructive PVT, 
Doppler echocardiography (performed every 2 to 3 h) is 
recommended for hemodynamic monitoring32. Thrombolytic 
infusion should be stopped when values of pressure gradient 
and valve area return to normal or near normal. If there is no 
normal baseline value for a given patient and the result is 
equivocal, repeat TOE is recommended. In nonobstructive 
cases, TOE is the only technique that is useful for monitor-
ing treatment. TOE should be performed at 24 h and if 
thrombus is still present, should be repeated at 48 and at 72 
h if necessary. Duration of thrombolytic treatment has 
varied between 2 and 120 h57,58. The administration of lytic 
agent should be stopped if there is no hemodynamic 
improvement at 24 h or after 72 h, even without complete 
hemodynamic recovery. If D-dimer and aPTT do not 
increase, and fibrinogen does not decrease at 24 h of lytic 
treatment (failure to document a lytic state), the infusion can 
be discontinued. If Streptokinase (SK) was used, urokinase 
(UK) may be tried because antibodies to SK may have 
prevented its action. In case of unsuccessful thrombolysis, 
operation is indicated and can be performed 24 h after the 
discontinuation of the infusion59 or 2 h after fibrinolytic 
activity has been neutralized by protease inhibitors60.

Conclusion
Prosthetic valve thrombosis (PVT) is a rare and severe 
complication seen after heart valve replacement and is 
associated with high mortality and morbidity. Suspicion of 
PVT is an urgent clinical condition, which warrants rapid 
diagnostic assessment. The principle risk factors for PVT 
are inadequate anticoagulation or fluctuation in anticoagulation 
levels. Diagnosis will be based on the findings of the clinical 
examination, cinefluoroscopy and echocardiography. The 
typical clinical finding in PVT is diminution of the occluder 
clicks. Visualization of a thrombus is not a prerequisite for 
thrombolysis. Therapeutic strategy will be influenced by 
prosthesis location, the presence or absence of valvular 
obstruction, and by the patient’s clinical status.
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During thrombolysis therapy, adjuvant anticoagulation is 
not recommended. Administration of warfarin should be 
discontinued15. At the end of thrombolyic therapy, treatment 
with heparin to achieve aPTT 50 to 80 seconds by continu-
ous infusion is recommended to prevent recurrent thrombo-
sis32. Conversion to oral anticoagulation is targeted to an 
INR of 2.5 to 3.5 according to the standard recommenda-
tions54. During fibrinolysis of left-sided valve prostheses, 
the risk of embolization of thrombosed material has to be 
considered55. The incidence of systemic embolization is 
approximately 15% in the case of left-sided prostheses56. 
Lower doses of thrombolytic agents are thought to decrease 
the risk of systemic embolization,53 possibly because the 
size of the lysed particles detaching from the thrombus is 
smaller, due to the slower lysis rate.

Duration of administration of thrombolytic agents depends 
on the achievement of an improved hemodynamic effect or 
the disappearance of thrombus32. In obstructive PVT, 
Doppler echocardiography (performed every 2 to 3 h) is 
recommended for hemodynamic monitoring32. Thrombolytic 
infusion should be stopped when values of pressure gradient 
and valve area return to normal or near normal. If there is no 
normal baseline value for a given patient and the result is 
equivocal, repeat TOE is recommended. In nonobstructive 
cases, TOE is the only technique that is useful for monitor-
ing treatment. TOE should be performed at 24 h and if 
thrombus is still present, should be repeated at 48 and at 72 
h if necessary. Duration of thrombolytic treatment has 
varied between 2 and 120 h57,58. The administration of lytic 
agent should be stopped if there is no hemodynamic 
improvement at 24 h or after 72 h, even without complete 
hemodynamic recovery. If D-dimer and aPTT do not 
increase, and fibrinogen does not decrease at 24 h of lytic 
treatment (failure to document a lytic state), the infusion can 
be discontinued. If Streptokinase (SK) was used, urokinase 
(UK) may be tried because antibodies to SK may have 
prevented its action. In case of unsuccessful thrombolysis, 
operation is indicated and can be performed 24 h after the 
discontinuation of the infusion59 or 2 h after fibrinolytic 
activity has been neutralized by protease inhibitors60.

Conclusion
Prosthetic valve thrombosis (PVT) is a rare and severe 
complication seen after heart valve replacement and is 
associated with high mortality and morbidity. Suspicion of 
PVT is an urgent clinical condition, which warrants rapid 
diagnostic assessment. The principle risk factors for PVT 
are inadequate anticoagulation or fluctuation in anticoagulation 
levels. Diagnosis will be based on the findings of the clinical 
examination, cinefluoroscopy and echocardiography. The 
typical clinical finding in PVT is diminution of the occluder 
clicks. Visualization of a thrombus is not a prerequisite for 
thrombolysis. Therapeutic strategy will be influenced by 
prosthesis location, the presence or absence of valvular 
obstruction, and by the patient’s clinical status.
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