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Prosthetic valve thrombosis (PVT) is a severe complication of mechanical valve replacement. Simultaneous thrombosis of multiple
prosthetic valves is rare and is associated with worse outcomes. Treatment options include anticoagulation, thrombolysis, and redo
operative valve replacement, with rare reports of adjunctive balloon valvuloplasty. There is limited evidence to guide therapeutic
selection, specifically dosing, timing, and duration of thrombolysis. The following case series highlights the importance of successful
thrombolytic management in dual PVT with high bleeding risk defined as a coagulopathy with an elevated international normalized
ratio greater than 3 and New York Heart Association (NYHA) Class Il and IV heart failure.

We describe two patients with concomitant aortic and mitral PVT. Both patients presented in NYHA Class Ill and IV
heart failure with different challenges to surgical treatments including high bleeding risk from coagulopathy and history
of multiple prior sternotomies. After multi-disciplinary discussions, both patients underwent a combination of low-dose,
slow, or ultra-slow infusion of tissue plasminogen activator, with a resolution of their dual PVT seen on cine-fluoroscopy
imaging as freely moving mechanical leaflets and improvement of heart failure symptoms back to baseline NYHA Class Il or
lower.

Prosthetic valve thrombosis is a complex medical condition requiring a multi-disciplinary team to evaluate the best course of treat-
ment. A trial of pharmacologic thrombolysis is often the first attempted treatment for obstructive PVT, although surgery is recom-
mended for patients with NYHA IV symptoms, or with contraindications to thrombolysis, including high bleeding risk. However, in
patients with high bleeding risk and NYHA Class Ill and IV heart failure, especially with surgical contraindications, low-dose throm-
bolytics, with slow or ultra-slow infusions, may still be safe and effective treatment strategies for multi-valve PVT. Further research is
needed to guide thrombolysis in multi-valve PVT.
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disciplinary approach for optimal medical management.

extrapolating to a larger patient population.

(1) Patients with prosthetic multi-valve thrombosis can present with unique conditions that preclude surgical treatment, requiring a multi-

(2) Dual prosthetic valve thrombosis can be safely treated with low-dose, slow, or ultra-slow infusion of tissue plasminogen activator (tPA).
(3) Safe baseline international normalized ratio (INR) before administration of thrombolytics has not been established. Low-dose, slow, or
ultra-slow infusion of tPA may be a potential treatment for patients with elevated INR levels above 3.0, but more data are needed before

Prosthetic valve thrombosis (PVT) is a severe complication of mechan-
ical valve replacement. The incidence rate of PVT is 0.1-6% in mechan-
ical left-sided valves,"? and associated mortality can range from 4 to
17.5% when there is a delay in treatment or haemodynamic instability
in isolated mechanical left-sided valves.>™> Therapeutic options mainly
include anticoagulation, thrombolysis, and redo operative valve replace-
ment, with rare reports of adjunctive balloon valvuloplasty. Despite the
complexity, there is limited evidence to guide therapeutic selection,
notably including the candidacy, timing, dosage, and duration of throm-
bolytics. Furthermore, simultaneous thrombosis of multiple prosthetic
valves is rare, accounting for 1-7.5% of patients in larger trials,>**~® and
may be associated with worse outcomes. We report two cases of high-
risk simultaneous mechanical mitral and aortic valve thrombosis treated
successfully with thrombolysis. The following case series highlights the
importance of successful thrombolytic management in dual PVT with
coagulopathy defined as an international normalized ratio (INR) >
3.0, recent ischaemic stroke with haemorrhagic conversion, and/or
New York Heart Association (NYHA) Class Il and IV heart failure.
Patient consent was obtained in accordance with COPE guidelines.

Case Time point
Number
1 Day 0 (presentation)

Day 1 (initial assessment and
management)

Day 2 (management)

A 52-year-old woman presented with dyspnoea with minimal exertion
and intermittent chest pain. She had a history of severe rheumatic mi-
tral and aortic stenosis, with mechanical mitral valve (31 mm
Carbomedics, Corcym, Austin, Texas, USA) replacement 4 years prior,
with a subsequent mechanical aortic valve (21 mm St. Jude, St. Jude,
Saint Paul, Minnesota, USA) replacement and tricuspid valve repair
(30 mm Tri Adams ring, Medtronic, Minneapolis, Minnesota, USA) 3
years prior. She had isolated PVT of her mitral valve 3.5 years before
her presentation associated with temporary anticoagulation cessation
that resolved with thrombolysis. She also had a history of congestive
heart failure with preserved ejection fraction and multiple ischaemic
strokes with haemorrhagic conversion most recently 3 months prior
to this presentation. Her INR was sub-therapeutic (1.4) on admission.
Her HASBLED score was 4 indicating an 8.9% risk of a major bleed
with a CHA2DS2VASc score of 4. A decision to start unfractionated
heparin infusion was initiated due to her sub-therapeutic INR and high
suspicion of a PVT. A trans-thoracic echocardiogram (TTE) showed lim-
ited leaflet motion of the mechanical mitral valve with elevated mean
trans-valvular gradient (19 mmHg), moderate prosthetic aortic regurgita-
tion, severe prosthetic aortic valve stenosis with visualized 11 X 5 mm
intra-valvular thrombus and elevated mean trans-valvular gradient
(74 mmHg), and moderate to severe tricuspid regurgitation (Figure 7).
No mitral valve thrombus was visualized due to shadowing from the

Event

Presentation Shortness of breath for 3 weeks

Labs Revealed sub-therapeutic INR of 1.4. Treatment IV diuresis and trans-thoracic echocardiogram ordered

Imaging Trans-thoracic echocardiogram revealed abnormal prosthetic AV and mitral valve gradients with

regurgitation. Management Sent to the cardiovascular intensive care unit. Heparin drip initiated with

anti-Xa goal 0.3-0.7 U/mL and/or aPTT goal 1.5-2.5 times the control value in seconds.

Day 3 (management)

Discussion Multi-disciplinary meeting between cardiothoracic surgery, interventional cardiology, cardiac

critical care, and neurology for surgical risk and whether tPA can be trialled in recent stroke. Management

Initiation of tPA 25 mg over 25 h, followed by heparin drip.

Day 4 (management)

Management Persistent valve obstruction noted on echocardiogram. Heparin drip stopped and 2nd dose of

tPA 25 mg over 25 h followed by heparin drip.

Day 5 (management)

Management Persistent valve obstruction noted on echocardiogram. Heparin drip stopped and 3rd dose of

tPA 25 mg over 25 h followed by heparin drip.

Day 6 (management)

Imaging Cardiac computed tomography showed improvement in prosthetic leaflet mobility of both the

aortic and mitral valves suggesting resolution of the dual PVT. One day later, a follow-up trans-thoracic

echocardiogram noted similar improvement in the gradient across the mechanical valves. She was then

transitioned to warfarin with a goal INR of 2.5-3.5.

Continued
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Case
Number

Time point

Day 7 (management)

Day 12 (management)

5 months later (follow-up)
Day 0 (presentation)

Day 1 (initial assessment and

management)

Days 2—4 (management)

Day 5 (management)

Day 6 (management)
2 weeks later (follow-up)

2 weeks later (follow-up)

Event

Imaging Trans-thoracic echocardiogram noted similar improvement in the gradient across the mechanical
valves. Management Transitioned to warfarin with a goal INR of 2.5-3.5.

Discharged on warfarin with therapeutic INR 2.7.

Re-presented with acute dyspnoea and heart failure due to repeat thrombosis of aortic valve resulting in
demise.

Presentation Dyspnoea at rest and decreased exercise tolerance.

Imaging A trans-thoracic echocardiogram showed right ventricular dysfunction, elevated mitral trans-valvular
gradient, and moderate aortic regurgitation. Right heart catheterization showed elevated right and
left-sided filling pressures with low cardiac output. Cine-fluoroscopy showed severely reduced leaflet
mobility of the mechanical mitral and aortic valve leaflets. Labs revealed liver and kidney injury, lactic
acidosis, and supra-therapeutic INR of 3.5. Discussion Multi-disciplinary meeting between cardiothoracic
surgery, interventional cardiology, and cardiac critical care determined surgical risk to be prohibitive given
the three prior sternotomies in addition to coagulopathy and ongoing cardiogenic shock. Treatment She
was initially treated with a slow infusion of tPA 25 mg over 6 h considering her competing risks from
unstable haemodynamics and coagulopathy. She also received intravenous Vitamin K 5 mg as her INR
uptrended to 6.9.

Improvement in haemodynamics with resolution of shock. Cine-fluoroscopy showed persistently fixed
mitral and aortic valve leaflets. Treatment Two additional tPA low-dose ultra-slow infusions of 25 mg over
25 h each with serial echocardiograms and interval intravenous heparin, once INR was sub-therapeutic on
Day 3, were administered.

Repeat computed tomography showed freely moving aortic leaflets and persistently closed singular mitral
valve leaflet.

Discharged on therapeutic warfarin with goal INR 2.5-3.5.

Fluoroscopy at outpatient follow-up 2 weeks later showed continued immobile mitral valve leaflet, and
balloon valvuloplasty was electively planned.

Repeat fluoroscopy 2 additional weeks later showed freely moving mitral valve leaflets.

aortic valve. A TEE was considered to better evaluate the mitral valve but
was not performed due to concern for the destabilizing haemodynamic
consequences of sedation while performing a trans-oesophageal echo-
cardiography. A right heart catheterization showed right atrial pressure
10 mmHg, pulmonary artery pressure 73/28 (mean 44) mmHg, pulmon-
ary capillary wedge pressure 32 mmHg, and a cardiac index of 2.1 L/min/
m?. Cine-fluoroscopy demonstrated both mechanical valves had severely
reduced leaflet motion with both valves having an unmeasurable opening
angle consistent with dual mitral and aortic PVT (Figure 2).

A multi-disciplinary discussion with critical care cardiology, cardiac
surgery, and neurology was conducted with consideration of her
NYHA Class Il obstructive symptoms and her history of ischaemic
stroke with haemorrhagic conversion 3 months prior. Given her severe
haemodynamic compromise and that an ischaemic stroke more than 3
months prior is only a ‘relative’ exclusion criterion for full-dose
thrombolysis, her intra-cranial bleeding risk was thought to be accept-
able despite the prior haemorrhagic conversion, especially given the in-
tended low-dose and slow infusion fibrinolytics. Computed
tomography of the brain to rule out ischaemic events was not per-
formed due to a lack of physical exam findings to indicate a stroke.
After shared decision-making, the patient opted for a trial of high-risk
thrombolysis rather than operative valve intervention. She was given
serial low-dose ultra-slow infusions of tissue plasminogen activator
(tPA), 25 mg over 24 h, with interval re-initiation of a therapeutic un-
fractionated heparin drip with goal anti-Xa level of 0.3-0.7 IU/mL for
6 h or an activated prothrombin time (aPTT) of 1.5-2.5 times the con-
trol value in seconds while her valve function was assessed. After three

serial tPA administrations, her valve gradients relatively improved on
TTE, with the mean gradient across both the mitral (11 mmHg) and
aortic (27 mmHg) mechanical valves significantly decreased from initial
presentation, although persistently abnormal. A subsequent cine-
fluoroscopy showed improvement in leaflet mobility of both the aortic
and mitral mechanical valves suggesting resolution of the dual PVT.
Additionally, she had significant clinical improvement in her heart failure
symptoms with return to baseline NYHA Class Il. She was then transi-
tioned to warfarin with a goal INR of 2.5-3.5. At the time of discharge,
her INR was noted to be therapeutic at 2.7, and she was discharged in
stable condition with close ongoing valvular follow-up. The patient re-
presented 5 months later in cardiogenic shock due to repeat aortic
thrombus from sub-therapeutic INR secondary to medication non-
compliance. Trans-oesophageal echocardiography revealed aortic vel-
ocity of 429 cm/s with an 11 X 5 mm thrombosis indicating severe aortic
stenosis and left ventricular ejection fraction of 55-60%. No mitral valve
thrombosis was seen. The patient received veno-arterial extracorporeal
membrane oxygenation for haemodynamic support and unfortunately
passed away from this episode after surgical valve replacement.

A 43-year-old woman presented with dyspnoea at rest. She had a med-
ical history of bacterial endocarditis followed by a mitral valve repair 16
years prior to presentation, followed by a redo bioprosthetic mitral
valve replacement the following year, and eventually a mechanical mitral



C. Mcguire et al.

Case 1. Trans-thoracic echocardiogram of mechanical mitral and aortic valves. (A) Apical two-chamber continuous wave Doppler of mitral
valve inflow demonstrating an elevated pressure gradient across the mitral valve, mitral valve max velocity 2.7 m/s, mitral valve mean pressure gradient
19 mmHg at heart rate 90 b.p.m. (B) Apical two-chamber view with colour Doppler mosaic pattern indicating increased mitral inflow velocity. (C) Apical
five-chamber continuous wave Doppler of aortic valve outflow demonstrating an elevated gradient across the aortic valve, aortic valve max velocity
5.5 m/s, aortic valve max PG 121 mmHg, and aortic valve mean PG 74 mmHg. (D) Apical five-chamber view of left ventricular outflow tract, left ven-

tricular outflow tract max velocity 0.8 m/s.

(25 mm St. Jude, St. Jude, Saint Paul, Minnesota, USA) and mechanical
aortic valve (21 mm St. Jude, St. Jude, Saint Paul, Minnesota, USA) re-
placement 1 year prior to presentation. Notably, her warfarin had
been temporarily stopped for a recent dental procedure without bridg-
ing anticoagulation but had since been restarted. A TTE noted a left
ventricular ejection fraction of 55%, newly reduced right ventricular
function, and an increased mean gradient across the mitral valve
(23 mmHg), suggestive of severe prosthetic stenosis. The prosthetic aor-
tic valve also appeared to have moderate valvular regurgitation which was
not adequately measured on imaging due to the high-velocity mitral in-
flow into the left ventricular outflow tract limiting the assessment of aor-
tic regurgitation severity (Figure 3). Pertinent labs included elevated liver
enzymes, creatinine, and therapeutically elevated INR (3.5). Her
HASBLED score was 3 indicating a 5.8% risk of major bleeding with a
CHA2DS2VASc score of 2. She underwent a right heart catheterization
that revealed a right atrial pressure 10 mmHg, pulmonary artery pressure
64/36 (mean 45) mmHg, pulmonary capillary wedge pressure 33 mmHg,
and cardiac index 1.5 L/min/m?. Intravenous unfractionated heparin was
avoided due to the elevated INR. Cine-fluoroscopy was performed to as-
sess the valvular function better, demonstrating that both mechanical
valves had severely reduced leaflet motion consistent with dual aortic,
with enlarged opening angle of 65 degrees, and mitral, with a unmeasur-
able opening angle, PVT (Figure 4). Intravenous norepinephrine was
started for hypotension due to Society for Cardiovascular Angiography
and Interventions Stage C cardiogenic shock.

After multi-disciplinary heart team discussion and shared patient
decision-making, she was deemed prohibitive risk for a 4th sternotomy,

and, despite the coagulopathy and cardiogenic shock, she was planned
for a trial of high-risk thrombolysis. She was initially treated with a slow
infusion of tPA 25 mg over 6 h considering her competing risks from
unstable haemodynamics and coagulopathy. There was prompt haemo-
dynamic improvement after the initial tPA administration, and norepin-
ephrine was discontinued. Cine-fluoroscopy showed persistently fixed
mitral and aortic valve leaflets on Day 2 after tPA administration.
Balloon valvuloplasty was considered but not pursued given her overall
haemodynamic improvement. Notably, her INR uptrended to 6.9 on
hospital Day 1, and she received intravenous Vitamin K 5 mg with nor-
malization of her INR by hospital Day 3. She received two more tPA
infusions at an ultra-slow rate, 25 mg over 24 h each, the second on
hospital Day 2 with the INR noted to be downtrending to 5.2, and
the third on hospital Day 3 with interval intravenous unfractionated
heparin given the normalized INR. Serial assessment of valvular function
by TTE demonstrated improved mean mitral valve gradient (18 mmHg)
and elevated mean aortic valve gradient (66 mmHg) due to improved
mitral valve inflow velocity. With echocardiographic improvement
and resolution of her obstructive symptoms defined as a return to
baseline NYHA Class Il, the patient was then transitioned to intraven-
ous unfractionated heparin as a bridge to therapeutic warfarin with a
goal aPTT of 1.5-2.5 times the control value in seconds. On Day 5, re-
peat cine-fluoroscopy showed freely moving aortic valve leaflets and a
persistently closed singular mitral valve leaflet. The patient was dis-
charged with a plan for follow-up and possible balloon mitral valvulo-
plasty if no improvement was seen. Repeat cine-fluoroscopy 2 weeks
after discharge showed continued immobility of the mitral valve leaflet;
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Case 1. Cine-fluoroscopy of mechanical aortic and mitral valves. Severely reduced leaflet motion of both aortic and mitral valves in systole
and diastole.

Case 2. Trans-thoracic echocardiogram of mechanical mitral and aortic valves. (A) Parasternal long-axis view with small left ventricular cavity
and colour Doppler mosaic pattern indicating increased velocities of mitral inflow. (B) Apical four-chamber zoomed view of mitral valve with colour
Doppler showing mosaic pattern of mitral inflow. (C) Apical four-chamber continuous wave Doppler of mitral valve inflow demonstrating an elevated
gradient across the mitral valve, mitral valve mean pressure gradient 23 mmHg, heart rate 89 b.p.m.
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Figure 4 Case 2. Cine-fluoroscopy of mechanical aortic and mitral valves. Both mechanical valves had severely reduced leaflet motion in both systole
and diastole consistent with apparent aortic and mitral prosthetic valve thrombosis.

therefore, valvuloplasty was planned. Another 2 weeks later, repeat
cine-fluoroscopy prior to planned valvuloplasty showed freely moving
mitral valve leaflets reflecting continued valvular improvement while
on therapeutic anticoagulation. The patient was then continued on
warfarin with goal INR 2.5-3.5 without further intervention, and no
subsequent echocardiography was performed.

Discussion

We present two cases of obstructive dual PVT managed with medical
therapy over surgical intervention due to complex risk factors. We
highlight the use of medical therapy in a minimally examined high-risk
population with the need for interdisciplinary and shared decision-
making among numerous specialties to tailor treatments based on
each patient’s co-morbidities as well as methods to monitor for PVT
resolution.

Prosthetic valve thrombosis is a severe adverse event associated with
prosthetic valves and is often associated with the temporary cessation
of anticoagulation. There is no standard treatment regimen for single-
valve PVT, and the success of surgical intervention is variable.” "’
Furthermore, each treatment modality carries unique risks that must
be considered in clinical decision-making. Obstructive dual PVT is
rare, though likely underreported in the literature. The highest inci-
dence of dual PVT was noted in the PROMETEE trial with nine patients
accounting for 7.5% of the studied population.” Adverse effects are

likely higher than single-valve thrombosis due to complexity of the
thrombosis, but no studies have analysed this population. Therefore,
guidance is based on expert opinion and primarily extrapolated from
experience with single-valve PVT.*">"* |t is essential to confirm the
diagnosis of PVT, which can be done by echocardiogram, cine-
fluoroscopy, or computed tomography, depending on the clinical his-
tory, imaging modality availability and concern for alternative diagnoses,
including pannus and endocarditis. Patients with a sub-therapeutic INR
should be placed on intravenous unfractionated heparin for therapeutic
anticoagulation while treatment options are discussed.*"?

There is limited data to guide thrombolysis in PVT. In the TROIA
trial, low-dose, slow infusion of alteplase 25 mg delivered over 6 h
showed similar success rates over fast infusion of tPA with less adverse
events in a non-randomized comparison of chronologically different
treatment groups.’> The subsequent single-arm PROMETEE trial de-
monstrated 90% treatment success with low-dose, ultra-slow infusion
of alteplase 25 mg delivered over 25 h followed by 6 h of intravenous
unfractionated heparin with goal aPTT level of 1.5-2.5 times the con-
trol value in seconds.” The non-randomized HATTUSHA study similar-
ly demonstrated higher success rate and lower complication rate with
low-dose and slow or ultra-slow infusion of tPA compared to surgery
for single-valve thrombosis.® Notably, the HATTUSHA protocol ex-
cluded patients in cardiogenic shock from obstructive PVT as they
were not considered candidates for thrombolysis. No trial indicated
the limit of repeated tPA dosing or guidelines to define thrombolysis
failure. Treatment success was based on improvement of leaflet
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mobility on imaging including TTE, cine-fluoroscopy, and improvement
of NYHA class symptoms.®

Baseline INR before thrombolytic therapy administration varied be-
tween the TROIA, PROMETEE, and HATTUSHA studies, ranging from
2 to 3, less than 2.5, and 1.3-2.5, respectively. Anecdotally, an elevated
INR is frequently considered a contraindication to thrombolysis.
However, the INR limit before thrombolytics can be safely adminis-
tered has not been defined. Two retrospective series have examined
thrombolysis safety in patients with elevated INR between 2 and 5
with a low population of dual valve thrombosis and showed low rates
of bleeding complications.’®'” The American Heart Association (AHA)
guidelines for treatment of mechanical PVT recommend urgent low-
dose, slow-infusion thrombolysis or surgery for left-sided mechanical
valves with symptoms of obstruction. The AHA guidelines further state
that thrombolysis is ‘an acceptable alternative for obstructive PVT pa-
tients at high or prohibitive surgical risk or in patients who have a small
thrombus burden, mild HF symptoms (NYHA class | or Il), and low
bleeding risk’, but do not comment on modifications for high bleeding
risk patients or dual PVT." The European Society of Cardiology (ESC)
guideline recommends surgical intervention or fibrinolytics when sur-
gery is too high risk. The dose of fibrinolytics and the definition of
high bleeding risk have not been standardized." Per 2020 American
College of Cardiology (ACC)/AHA guidelines after resolution of a
PVT, anticoagulation decision depends on the mechanism for the
PVT. If anticoagulation was inadequate prior to the PVT event, then
strict achievement of the standard INR range is appropriate which is
the case in both of our patients. Otherwise, an increase in the regimen
or target goal should be performed with an addition of an antiplatelet
agent as the initial step then gradual increases of the INR target goal."

To our knowledge, there have been rare reports of dual PVT treat-
ment with four cases reported in patients with an elevated INR above
2.5.877 We report two patients with severe mitral and aortic PVT, who
presented with NYHA Class Ill and IV heart failure symptoms, including
one with cardiogenic shock. Both patients had elevated bleeding risk,
one from coagulopathy established by an elevated INR > 3.0 and the
other with prior ischaemic strokes with haemorrhagic conversion;
both were successfully treated with low-dose thrombolytics, with
slow or ultra-slow infusions. The first patient declined surgical valve
intervention and then received a low-dose, ultra-slow tPA infusion.
Utilization of tPA was a complex clinical decision only reached after
multi-disciplinary discussion and shared decision-making with the pa-
tient. Notably the first patient had an ischaemic stroke with haemor-
rhagic conversion and not a true primary haemorrhagic stroke, and
our institutional stroke service felt the intra-cranial bleeding risk from
low-dose thrombolysis was not prohibitive with this history. The stroke
guidelines in fact state that full-dose tPA can be administered for a re-
current ischaemic stroke, except when the ischaemic stroke occurred
within the past 3 months."® The second patient had an elevated INR
(INR level > 3.0) and prohibitive surgical risk, with slow infusion initially
chosen due to haemodynamic instability and subsequent ultra-slow in-
fusion once more stable. Utilizing the HATTUSHA trial, we implemen-
ted a protocol for serial doses of tPA up to six times until resolution of
obstruction was maintained, defined as complete resolution of obstruc-
tion or partial resolution with a small residual thrombus <10 mm
as well as clinical improvement of NYHA class symptoms back to
baseline | and Il which were based on the HATTUSHA study
resolution endpoints as well as cine-fluoroscopy findings based on
the European Association of Cardiovascular Imaging guidelines.®'
Subsequently anticoagulation treatment could include subcutaneous
low-molecular-weight heparin, intermittent subcutaneous unfractio-
nated heparin to achieve an aPTT of 1.5-2.5 times control, or thera-
peutic warfarin therapy with a target INR of 2.5-3.5 for 3 months. In
our limited experience, we have found that low-dose and slow or ultra-
slow tPA infusion are safe and effective strategies for high bleeding risk
patients with PVT, including dual valve PVT.

Dual mechanical PVT is a rare but serious complication of mechanical
valve replacement, and its management should include multi-disciplinary
discussion individualized to each patient’s unique risk factors. Patients
with obstructive symptoms and high surgical risk or who opt for medical
therapy should undergo thrombolysis. Low-dose and slow or ultra-slow
tPA infusion should be considered for those with high bleeding risk and
can be safe even with elevated INR. Thrombosis may continue to resolve
over weeks after thrombolysis, and percutaneous intervention may be
considered for refractory valve dysfunction.
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