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Abstract

Mechanical valve obstruction is a serious complication of mechanical valve prosthesis. The sig-
nificant morbidity and mortality associated with this condition warrants rapid diagnostic evaluation.
However, diagnosis can be challenging, mainly because of variable clinical presentations and the de-
gree of valvular obstruction. Echocardiography, either transthoracic or transesophageal, and cinefluo-
roscopy represent the main diagnostic procedures. Treatment with either surgical approach including
valvular re-replacement or thrombectomy or medical approach using thrombolysis is two established
therapies for prosthetic valve thrombosis. Results from many randomized clinical trials have showen
that there is no evidence that either of the two treatment options offers superior results to the other. The
purpose of this article is to review the relevant information of prosthetic valve obstruction and provide
recommendations for management. ( J Intern Med Taiwan 2008; 19: 379-386 )
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Introduction
Mechanical heart valve prostheses have the ad-

vantage of longevity over bioprosthetic valves but

carry a risk of thrombosis requiring permanent anti-

coagulation(Bonow, Carabello et al. 2006) 1,2. One of

the most life-threatening complications of mechani-

cal prostheses is valvular obstruction, with an inci-

dence ranging from 1.0% to 2.7% per patient-year in

aortic prostheses and 1.0% to 4.4% per patient-year

in mitral prostheses3. Causes of valve obstruction in-

clude thrombus formation, pannus formation, or

both4. Valvular re-replacement is the traditional ther-

apy for mechanical valve thrombosis. Ever since



1980s, reports of thrombolytic therapy were pub-

lished for the treatment of mechanical valve obstruc-

tion secondary to thrombosis5,6. Nowadays, throm-

bolytic therapy has become an alternative to surgery

and utilized increasingly as the first line therapy for

prosthetic valve obstruction7,8. This report attempts to

review the literature and further clarify the issue of

management of mechanical valve obstruction.

Etiology of mechanical valve obstruction

Thrombogenicity of mechanical valves remains

one of the most common problems despite the im-

provement 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 valvu-

lar obstruction almost twice as compared with that at

the aortic position. Tilting disc valves and bileaflet

valves had a lower incidence of major embolism than

caged ball valves9,10. All patients with mechanical

valves require anticoagulation. For mechanical pros-

theses in aortic position, the international normalized

ratio (INR) of prothrombin time with warfarin ther-

apy should be maintained between 2.0 and 3.0 for

bileaflets valves and Medtronic Hall valves, and be-

tween 2.5 and 3.5 for other disc valves and Starr-

Edwards valves; for prosthesis in mitral position, the

INR should be maintained between 2.5 and 3.5 for all

mechanical valves1. Inadequate anticoagulation has

been found in mechanical valve obstruction sec-

ondary to thrombus in 25%-79% of cases11-13. The e-

tiologies of mechanical valve obstruction are throm-

bus, pannus formation, or both. Distinguishing

thrombus from pannus in mechanical valve obstruc-

tion is not always possbile14.

Clinical characteristics of pannus or thrombus

obstruction

Most reports regarding the incidence of pannus

or thrombus in obstructed mechanical prosthesis

came from pathologic examinations from 1991 to

2000. Deviri et al11 presented 112 mechanical pros-

thetic valves obstructed by a thrombus (n = 61) or

pannus (n = 7), or both (n = 44). Vitale et al3 demon-

strated the pathology of mechanical mitral valve ob-

struction in 87 valves (10 caged-ball valves, 65 tilt-

ing-disc valves, and 12 bileaflet valves). The causes

of obstruction were pannus formation in 27, genera-

tion of thrombus in 21, and both pannus and throm-

bus in 39.

There are various clinical parameters and diag-

nostic tests to make the diagnosis of mechanical valve

obstruction and aid in distinguishing thrombus from

pannus. Onset duration is probably the clue to make

the difference between thrombus and pannus in ob-

structed mechanical prosthesis. Barbetseas et al12

evaluated 14 patients with prosthetic valve dysfunc-

tion and found that the causes of obstructed mechan-

ical prosthetic valves secondary to thrombosis in 14

valves and secondary to pannus ingrowth in 10

valves. The duration of initial onset of discomfort to

symptoms of heart failure was more insidious in pa-

tients with pannus ingrowth than that of thrombus for-

mation (305 234 days vs 9 6 days; p = 0.0006).

The interval from valve insertion to reoperation was

also longer in the valves with pannus formation (178

52 months vs 62 57 months; p = 0.0006).

Adequate anticoagulation was more frequent in pa-

tients with pannus compared to thrombus (89% vs

21%, p = 0.0028). Pannus formation was more com-

mon in the aortic position compared to the mitral po-

sition12. Similar presentations in terms of obstruction

occurring earlier in thrombus than pannus formation

had also reported by others4,13.

Diagnosis of mechanical heart valve obstruction

The clinical evaluation of prosthetic valve ob-

struction can be performed in the majority of cases

with transthoracic echocardiography (TTE) and

Doppler echocardiography. For mitral prostheses, a

mean gradient > 8 mmHg and an effective area cal-

culated 1.3 cm2 indicate prosthetic valve throm-

bosis15. For aortic prostheses, criteria for prosthetic
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valve thrombosis are a mean gradient > 45 mm Hg.

and an obstructive index (effective orifice area / ge-

ometric orifice area) < 0.2515. For the obstructive in-

dex, the effective orifice area is obtained from the

continuity equation using Doppler echocardiography.

The geometric orifice area is calculated from the pros-

thetic internal orifice diameter provided by the man-

ufacturer.

Acoustic shadowing originating from the com-

ponents of the prosthetic valve can severely limit 

the echocardiographic images. While increased

transprosthetic mean pressure gradient as measured

by Doppler echocardiography is capable of suggest-

ing the presence of an obstruction16-19. In a study of

134 patients with mitral prostheses, Fernandes et al

identified 95% of patients with valve obstruction us-

ing the following criteria: peak E velocity >1.9 m/s,

Velocity Time Integral-mitral / Velocity Time

Integral-aortic >2.2, and pressure half-time >130

ms16.

Transesophageal echocardiography (TEE) may

provide images superior to those of TTE in detecting

mitral valve prosthetic dysfunction20. TEE allows de-

tecting paravalvular leakage and visualizing abnor-

mal echo due to thrombus, which emanating from the

atrial surface of the prosthesis21,22. Gueret et al23 in-

vestigated 114 patients with nonobstructive mechan-

ical mitral valve prosthesis by both TTE and TEE. In

that setting, TTE did not detect any abnormality in all

patients except 1, in whom an abnormal echo was not-

ed on the ventricular side of the prosthesis. TEE ap-

pears to be a reliable method to diagnose the forma-

tion of thrombi on mechanical mitral valve prosthe-

sis in patients with negative TTE. Barbetseas et al re-

ported that the ultrasound intensity of the mass was

higher in pannus than that of thrombus. They also ob-

served that thrombus was larger than pannus and 

often extended to left atrium of prosthetic mitral

valves12.

Finally, one must highlight the important role of

TEE in guiding therapeutic strategy. For left-sided

prosthetic valve obstruction, the thrombuse size im-

aged with TEE is a significant independent predictor

of outcome. The international PRO-TEE (prosthetic

valve thrombolysis- role of transesophageal

echocardiography) registry study found that a previ-

ous history of cerebrovascular event and a thrombus

size >0.8 cm2 as one of the major risk factors for sys-

temic embolic complications of thrombolytic thera-

py24. Any patient with prosthetic valve obstruction

who had a thrombus size of >0.8 cm2 should receive

surgical intervention but not thrombolytic therapy24.

A combination of cineradiography and echocar-

diography provide an accurate and detailed diagno-
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Table 1.Outcome of thrombolytic therapy for left-sided prosthetic valve obstruction

Source Patients Episodes
Site

CR/PR
Failure Recurrence Non-fatal Mortality

(AV/MV) (%) (%) complications (%) (%)

Witchitz et al5 12 13 4/9 8/2 3 (23) 1 (7.6) 1 (7.6) 1 (7.6)

Ledain et al6 26 28 12/16 19/3 2 (7) 2 (7) 5 (17.8) 3 (10.7)

Manteiga et al7 13 16 2/14 9/5 2 (12.5) 4 (25) 5 (31.2) 1 (6.2)

Roudaut et al8 110 127 46/79 112 15 (11.8) 24 (18.9) 19 (14.9) 15 (11.8)

Montorsi et al25 17 17 0/17 12/2 3 (17.6) 2 (11.7) 9 (20.4) 0 (0)

Vitale et al37 24 24 3/21 23 1 (4.1) 0 (0) 6 (25) 0 (0)

Reddy et al41 38 44 4/40 18/21 5 (11.3) 9 (20.4) 4 (9) 5 (11.3)

Gupta et al342 110 110 14/96 90/11 9 (8.1) 25 (22.7) 21 (19) 5 (4.5)

Renzulli et al43 20 20 3/17 19/1 0 (0) 3 (15) 6 (30) 0 (0)

Shapira et al44 12 17 0/12 8/4 5 (29.4) 3 (17.6) 8 (47) 0 (0)

AV= aortic valve, MV= mitral valve, CR= complete response, PR= partial response



sis to assess valve motion and clot burden18,25-29.

Cianciulli TE et al28 reported a prospective study in

221 prosthetic valves (146 aortic, 75 mitral) that high-

lighted the effectiveness of cinefluoroscopy, which

provided valuable information to complement the 

diagnosis using Doppler echocardiography. When

both methods were integrated, the sensitivity, speci-

ficity and positive and negative predictive values to

distinguish normal from malfunctioning prostheses

were 83%, 80%, 89%, and 71%, respectively.

Moreover, Muratori M et al29 demonstrated that

the echocardiographic technique had a good concor-

dance with cinefluoroscopy in evaluating the pros-

thetic leaflets motion. Comparing with cinefluo-

roscopy data, they found that the opening and clos-

ing angles of mitral prostheses were correctly identi-

fied by TTE and TEE in 85% and 100%, respective-

ly. For aortic prostheses, opening angles were cor-

rectly identified by TTE and TEE, respectively, in

40% and 77% of patients with single-disk prostheses

and in 13% and 35% of patients with bileaflet pros-

theses. Although quantitative evaluation of mitral

leaflets motion can be accurately achieved by cine-

fluoroscopy, however, it is often not useful in differ-

entiating pannus from thrombus.

Management
Operative treatment

Reoperation to replace a mechanical valve is rea-

sonable for patients with thrombosed left-sided pros-

thetic valve, a large clot burden, or heart failure with

New York Heart Association (NYHA) functional

class III-IV1. Variation in peri-operative mortality be-

tween reported series reflects differences in clinical

condition at the time of surgery, elective or

emergency operation and year of operation11,13,30-34.

The lowest peri-operative mortality was reportedly

4.7% in a study examining 43 patients in NYHA func-

tional class I-III11. A meta-analysis of seven studies

reported that the average risk-unadjusted peri-opera-

tive mortality was 14%35. They also described that pa-

tient with higher NYHA functional class would have

a greater mortality. In their report, 15 of the 17 deaths

(88%) occurred in patients in NYHA functional class

III or IV35. Similarly, another report analysis of 549

patients with prosthetic valve dysfunction who un-

dergoing reoperation also disclosed that the hospital

mortality was higher in patients in functional class IV

compared with those in class II-III (35% vs. 8%)31.

Operative procedures included thrombectomy

and valve re-replacement. Mechanical thrombecto-

my reduces total cardiopulmonary bypass time.

However, hospital mortality with declotting proce-

dure is not significantly lower than that with con-

ventional valve re-replacement. In the meta-analysis,

the recurrent thrombsis rate did not differ signifi-

cantly between thrombectomy and valve re-replace-

ment35. Early operation usually has a good long term

result. Roudaut et al36 had performed mechanical

valve replacement in 136 patients with prosthetic

valve obstruction, which mainly due to thrombosis

formation, their early hospital mortality was 10.3%.

All mortality patients were in NYHA functional class

III or IV. Therefore, early operation is currently ef-

fective and safe, especially in patients in stable hemo-

dynamic condition preoperatively.

In cases of primary mechanical valve dysfunc-

tion or extensive pannus formation, valve re-re-

placement is mandatory37. The decision to thrombec-

tomy or valve re-replacement and choice of new pros-

thetic valve between bioprosthesis and mechanical

valve should be made by surgeon according to per-

sonal experiences and morphological findings.

The addition of aspirin (75 to 100 mg per day)

to warfarin should be strongly considered after oper-

ation unless there is a contraindication to the use of

aspirin (example, bleeding or aspirin intolerance)1.

Thrombolytic treatment

Thrombolysis is reasonable for patients with

right-sided prosthetic valve thrombosis with NYHA

functional class III-IV or a large clot burden1,38.

Thrombolysis has also gained acceptance for treat-
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ment of critically ill patients with left-sided prosthetic

valve thrombosis, who are assumed to carry high op-

erative risk39. Roudaut8 reported a single-center study

of 127 instances of prosthetic valve thrombosis with

fibrinolysis over a 22-year period. Among these pa-

tients, 49 patients (38.6%) were in NYHA function-

al class IV, 41 patients (32.3%) were in NYHA func-

tional class III and 37 patients (29.2%) were in NY-

HA functional class I or II. Complete resolution of

hemodynamic abnormality was seen in 90 patients

(70.9%), partial resolution in 22 patients (17.3%), and

failure in 15 patients (11.8%) after treatment with one

or more consecutive fibrinolytic agents. The mortal-

ity was 15 (11.8%) after thrombolysis. Mortality was

significantly higher in patients with NYHA func-

tional class III and IV than in those with NYHA func-

tional class I and II (14 vs 1 patients). Major bleed-

ing occurred in 6 patients (4.7%) and systemic em-

bolisms in 19 patients (15%).

Streptokinase alone, urokinase alone, recombi-

nant tissue-type plasminogen activator (r-TPA) or use

of these agents consecutively had been employed5-8,39-

43. Numerous thrombolytic protocols have been used.

A consensus conference recommended streptokinase

(a 250,000-unit bolus in 30 minutes, followed by ei-

ther an infusion of 100,000-unit per hour) or uroki-

nase (4,400-unit per kilogram per hour) in 199738.

Other reports have described the dose of recombinant

tissue-type plasminogen activator, which was usual-

ly administered as a 10-mg bolus followed by 90-mg

in a continuous 3 hours infusion8,43-44. Ozkan M20 et al

used an alternative agent with streptokinase in a

slow administration of 60,000 to 100,000-unit per

hour for a total of 15 to 24 hours in discrete, succes-

sive sessions guided by a serial transesophageal

echocardiogram. During thrombolysis therapy, adju-

vant  an t icoagula t ion  i s  no t  recommended.

Administration of warfarin should be discontinued.
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Fig.1.Algorithm for treatment of mechanical heart valve obstruction
NYHA = New York Heart Association
TEE = Transesophageal echocardiography



At the end of thrombolyic therapy, treatment with

heparin to achieve aPTT 50 to 80 seconds by contin-

uous infusion is recommended to prevent recurrent

thrombosis39. Conversion to oral anticoagulation is

targeted to an INR of 2.5 to 3.5 according to the

standard recommendations1.

Use of thrombolysis in New York Heart

Association functional class I or II still remains con-

troversial because of the danger of embolic and bleed-

ing complications. Meta-analysis of eleven studies in-

cluding 365 patients with left-sided prosthetic throm-

bosis receiving thrombolytic treatment revealed that

5% of the patients suffered severe embolic compli-

cations. The overall hospital mortality was 8%, which

was the same as that after surgery35. Thus, thrombol-

ysis in NYHA functional class I or II is safe but not

a superior therapeutic option, compared with opera-

tive treatment. Furthermore, there was a high inci-

dence (20%) of recurrent thrombosis after thrombol-

ysis during follow-up as compared with 3% after

valve replacement and 8% after thrombectomy35. The

published series of the effects of thrombolysis were

presented in Table 15-8,25,41-44.

Vitale et al43 have opposite view on the policy of

carrying out thrombolysis in patients with too unsta-

ble hemodynamics to undergo operation. The major

consideration is that patients in NYHA functional

class III or IV would deteriorate dramatically and they

have an increase risk of bleeding and other compli-

cations in subsequent valve replacement procedure if

thrombolysis fails. Besides, the results with Re-do

operation have demonstrated a considerable im-

provement over the years. Therefore, some experts

prefer surgical intervention to thrombolysis.

Treatments with either surgical approach in-

cluding valvular re-replacement or thrombectomy or

medical approach using thrombolysis are two estab-

lished therapies for prosthetic valve thrombosis.

Figure 1 and Table 2 proposed the recommendations

for treatment of patients with prosthetic valve ob-

struction. However, therapeutic decision-making

should take individual patient's specific condition in-

to account.

Conclusion
Reoperation and thrombolysis are the widely ac-

cepted options for treatment of mechanical heart

valve thrombosis. Surgery is recommended on the

following clinical situations: critically ill patients in

NYHA functional class IV, thrombolysis contraindi-

cated patients, large thrombi (>0.8 cm2), evidence of

pannus formation, failure of thrombolytic therapy,

and recurrent thrombosis after previous thrombolyt-

ic therapy. Thrombloysis is a favorable treatment on

clinical situations such as right-sided prosthetic valve

thrombosis, patients in NYHA functional class IV
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Table 2.Recommendation for treatment of prosthetic valve obstruction

Recommended therapy Clinical situations

Surgery Presence of thrombolysis contraindication

Critically ill patients (NYHA functional class IV)

Large thrombi (>0.8 cm2) or evidence of pannus formation

Failure of thrombolytic therapy

Recurrent thrombosis after previous thrombolytic therapy

Thrombolysis Right-sided prosthetic valve

Hemodynamically too unstable to survive operation for rescue

Short course of clinical symptoms favoring thrombus formation

Prosthetic valve obstruction early after valve replacement ( 2 months)

Either surgery or thrombolysis Small thrombus (<0.8 cm2) in NYHA functional class I-III

NYHA= New York Heart Association



who are deemed too unstable to survive operation for

rescue, short duration of clinical symptoms favoring

the presentations of thrombus formation, and pros-

thetic valve obstruction early after valve replacement

surgery. Prosthetic valve obstruction with a small

thrombus and stable clinical condition in NYHA

functional class I-III can be treated by either surgery

or thrombolysis. There is no evidence that either of

the two treatment options offers better results than the

other. Therapeutic decision-making should take indi-

vidual patient's specific condition into account.
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