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Abstract

Extracorporeal membrane oxygenation (ECMO) is frequently used for severe postcardiotomy cardiogenic shock in patients with
bioprosthetic valves. Acute prosthetic valve thrombosis (PVT) is a rare complication after valve replacement surgery and
significantly increases morbidity and mortality. Patients who develop PVT on ECMO could significantly influence the long-term
durability of the bioprosthetic valves. However, previous studies only analyzed risk factor and treatment of the mitral valve
thrombosis during ECMO support. The mechanism of thrombosis on the tricuspid valve was still unknown. Here we describe the
symptoms and treatment of a valve replacement patient who developed bioprosthetic tricuspid valve thrombosis during
veno-arterial extracorporeal membrane oxygenation (VA-ECMO). Meanwhile, the patient’s mechanical prosthetic mitral valve
functioned normally. An emergency re-do tricuspid prosthesis replacement was performed, and the patient finally developed the
successful decannulation. At 6 months follow-up, the patient showed asymptomatic and had a reasonable quality of life. The
pathophysiology of tricuspid valve thrombosis may be different from the left heart. Our case highlights that the risk of thrombosis
associated with a prosthesis in the tricuspid position can be even higher in the setting of VA-ECMO support. In such patients,
promoting forward blood flow across the prosthesis and improving levels of anticoagulation may be particularly important.
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1. Introduction

Acute prosthetic valve thrombosis (PVT) is a rare complica-
tion of valve replacement surgery that significantly increases risk
of morbidity and mortality. Approximately 1.7% of patients
developed severe postcardiotomy cardiogenic shock that re-
quires veno-arterial extracorporeal membrane oxygenation
(VA-ECMO) [1, 2]. Patients who develop PVT on ECMO could
significantly influence the long-term durability of the biopros-

thetic valves [3]. Pathophysiology and risk factors of mitral as
well as aortic PVT has been reported in previous studies during
VA-ECMO support [4-10]. However, the thrombosis of tricus-
pid prosthesis has not been previously described in such settings.
Since the blood flow velocity and pressure of right heart was
quite different from those in the left heart. We believe that the
pathophysiology of tricuspid valve thrombosis was distinct. In
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this case report, we describe a patient who developed biopros-
thetic tricuspid valve thrombosis during postoperative
VA-ECMO support and underwent successful rescue surgery.
Meanwhile, the patient’s mechanical prosthetic mitral valve
functioned normally. We discuss the possible causes and clinical
course of PVT in patients on VA-ECMO support, as well as
potential strategies to manage them.

2. Case Presentation

A 46-year-old woman was admitted to our hospital because
of worsening, persistent right heart failure with dyspnea, fa-
tigue, and edema of the lower limbs. At the age of 26, she had
undergone mechanical prosthetic valve replacement (27 mm,
tilting disc, GK Company, Xi’an, China) for mitral rheumatic
disease at another medical facility. After that procedure, the
dose of warfarin was adjusted to maintain an international
normalized ratio at 2.5-3, and no thromboembolic or bleeding
events were observed after mitral valve replacement.

Figure 1. (a-b) Preoperative transesophageal echocardiography
revealed severe tricuspid regurgitation and a normally functioning
mitral prosthesis: (a) mid-esophageal four-chamber view, (b) right
ventricle inflow-outflow view. (c-d) Postoperative transesophageal
echocardiography showed good bioprosthetic tricuspid valve func-
tion in (c) diastole and (d) systole (bpm = beats/min).
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After initiating ECMO, activated clotting time was titrated
to 180-220 seconds [11] using intravenous heparin infusions,
as per institutional protocols. Other coagulation parameters
were routinely monitored, such as activated partial thrombo-
plastin time, antithrombin 111, fibrin, and platelets (Figure 2a).
Despite full-flow support, arterial lactate increased to 11.4
mmol/L during the first 7 hours on ECMO, so blood flow was
increased to 6 L/min (approximately 100 ml/kg/min), which
facilitated lactate clearance and end-organ perfusion. By 36
hours on ECMO, ventricular function had recovered and flow
was reduced to 3 L/min (approximately 55 ml/kg/min) (Figure
2b).
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Figure 2. (a) Anticoagulation parameters during extracorporeal
membrane oxygenation (ECMO) support: activated clotting time
(ACT), activated partial thromboplastin time (APTT), antithrombin
111 (AT-111), fibrin (FIB), and platelet count (PLT). (b) Hemodynamic
parameters, including mean arterial pressure (MAP), pulse pressure,
central venous pressure (CVP), lactate level (Lac), and ECMO flow.

Transthoracic echocardiography was performed daily to
assess the function of the ventricle and the prosthesis. No
stasis or distention was observed for left or right ventricular
blood. After 5 days of ECMO, we attempted to decannulate
the patient but were unsuccessful because central venous
pressure (25 mmHgQ) rose substantially immediately after flow
was reduced to 1.5 L/min (approximately 30 ml/kg/min).

Bedside transthoracic echocardiography revealed severe
tricuspid prosthesis stenosis with restricted leaflet motion, as
well as mean pressure gradients as high as 13.5 mmHg (Fig-
ure 3). The patient was returned immediately to the operating
room. Direct visualization of the bioprosthetic tricuspid valve
revealed thrombosis on the ventricle side, which significantly
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restricted leaflet motion and obstructed the orifice. No evi-
dence of thrombosis was found in the atria, ventricles, or
mitral prosthesis. The thrombosed tricuspid prosthesis was
replaced and the patient was successfully decannulated one
day after surgery. Postoperative recovery was uneventful, and
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echocardiography before discharge showed no thrombosis as
well as good function of mitral and tricuspid prostheses.
Follow-up after 6 months showed that the patient remained
asymptomatic and was able to perform daily activities without
assistance.

i

Figure 3. Emergency bedside transthoracic echocardiography prior to decannulation revealed severe stenosis of the tricuspid prosthesis,

leading to flow acceleration. The apical four-chamber view is shown.

3. Discussion

For patients with prosthetic valves, VA-ECMO is a recog-
nized risk factor of thrombosis [3]. Acute postoperative PVT
can occur, primarily in the mitral position [4-10]. To the best
of our knowledge, this is the first report of prosthetic tricuspid
valve thrombosis during VA-ECMO support. The presence of
mitral and tricuspid prosthetic valves in the same patient
provided a unique opportunity to analyze and compare the
mechanism of thrombosis occurring on right- or left-sided
prostheses in the setting of VA-ECMO support.

Maintaining adequate systemic anticoagulation is critical to
preventing PVT. The Extracorporeal Life Support Organization
(ECLS) registry has published recommendations on optimal
anticoagulation management for patients on ECMO, including
titration to achieve an activated clotting time of 180-220 se-
conds [11]. The present case suggests that while this recom-
mendation may be adequate for patients with a mitral prosthesis,
those with a tricuspid prosthesis may require stronger antico-
agulation. The risk of PVT needs to be carefully balanced
against the risk of bleeding in patients undergoing ECMO,
which can be challenging to accomplish soon after surgery [12].
Monitoring other coagulation parameters, such as serum levels
of anti-Factor Xa antibody, may be useful for ensuring ade-
quate anticoagulation [13]. Bivalirudin may also be useful for
strengthening anticoagulation [13].

In addition to systemic anticoagulation, the hemodynamic
pathophysiology of prosthetic mitral valve thrombosis in patients
undergoing VA-ECMO support has been clearly described [8].
Left ventricular distension, inadequate left ventricular ejection
and consequent blood stasis within the left ventricle can occur
during support. This can prevent the opening of the mitral pros-

thetic valve, resulting in PVT [14]. Tricuspid PVT may occur by
a different mechanism. Since ECMO drains blood directly from
the systemic venous system, blood stasis is less likely to occur in
the right ventricle. In the present case, we suspect that the ag-
gressive venous drainage of ECMO during high-flow support
substantially reduced, or even eliminated, transvalvular flow
across the tricuspid prosthesis. As a result, the prosthetic tricus-
pid valve could not open, leading to thrombosis and possibly
commissural fusion. Although we did not directly monitor pul-
monary artery pressure, our hypothesis is supported by daily
transthoracic echocardiography, which showed no right ventricle
distension or blood stasis during VA-ECMO. While loss of
transvalvular flow need not induce thrombosis in a native tri-
cuspid valve, it may strongly increase risk of PVT in a prosthetic
valve, which can exert strongly procoagulant effects.
Echocardiography is powerful for diagnosing bioprosthetic
thrombosis, but it may be less reliable in a setting of
VA-ECMO support. Various echocardiographic criteria have
been suggested for detecting thrombosis [15], including in-
creased gradient across the prosthetic valve, thickened valve
cusps or abnormal cusp motion, but all of these can be masked
by reduced transvalvular flow in patients undergoing ECMO.
Managing patients with prosthetic valves who receive
VA-ECMO support is a challenge. While the literature has
focused on thrombosis in left-sided prosthetic valves, the
present case suggests that risk of thrombosis can be even
higher in patients with a prosthetic tricuspid valve who un-
dergo VA-ECMO support. Furthermore, tricuspid PVT may
occur through different mechanisms than mitral or aortic PVT.
The present case suggests that patients with tricuspid pros-
thetic valves may require special ECMO strategies to en-
courage forward blood flow across the prosthesis, frequent
echocardiography monitoring and stronger anticoagulation.
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4. Conclusion

Acute PVT on VA-ECMO is a rare complication of valve
replacement surgery that significantly increases risk of mor-
bidity and mortality. Our case highlights that the risk of
thrombosis associated with a prosthesis in the tricuspid posi-
tion can be even higher in the setting of VA-ECMO support.
In such patients, promoting forward blood flow across the
prosthesis, frequent echocardiography monitoring and
stronger anticoagulation may be particularly important.
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