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Abstract

Degenerative valve disease is on the rise with greater than 100,000 
valve operations performed in the US alone per year. The majority of 
those procedures employ tissue bioprostheses to avoid the attendant 
risk of anticoagulation, especially in the elderly. Though tradition-
ally this approach has been considered a superior option to avoid an-
ticoagulation, more recent analyses have demonstrated a significant 
incidence of previously unrecognized thrombosis associated with 
bioprosthetic valves, especially with the more recent advent of the 
transcatheter aortic valve replacement implantations. Bioprosthetic 
valve thrombosis is a major cause of either acute or indolent biopros-
thetic valve degeneration, and often has an elusive presentation caus-
ing delayed recognition and treatment. The literature has extensively 
addressed the risks and benefits of anticoagulation following biopros-
thetic valve replacement to prevent bioprosthetic valve thrombosis 
(BPVT), without conclusive evidence-based recommendations. The 
duration of anticoagulation following an episode of BPVT is unclear, 
and lifelong anticoagulation has been suggested. The increasing use 
of transcatheter aortic valve replacement as an alternative to surgi-
cal aortic valve replacement in various risk groups has introduced 
new challenges with regards to valve thrombosis, which have been 
poorly studied with regards to optimal treatment and prevention. The 
increasing use of valve-in-valve procedures is expected to bring on 
further uncharted challenges.
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Introduction

With the aging population in the US and elsewhere, degenera-
tive valve disease is on the rise with greater than 100,000 valve 
operations performed in the US alone per year. The majority of 
those procedures nowadays (80-90%) employ tissue biopros-
theses to avoid the attendant risk of anticoagulation, especially 

in the elderly [1]. Though traditionally this approach has been 
considered a superior option to avoid anticoagulation, more 
recent analyses have demonstrated a significant incidence of 
previously unrecognized thrombosis associated with biopros-
thetic valves [2], especially with the more recent advent of the 
transcatheter aortic valve replacement (TAVR) implantations 
[3].

Epidemiology

Valvular heart disease is fairly common, with prevalence in 
excess of 10% in patients older than 75 years of age [4]. With 
a rising rate of valve operations in the US and worldwide, vari-
ous complications have been increasingly recognized, espe-
cially valve thrombosis [5], which has been reported to be on 
the rise even with the increasing use of the less thrombogenic 
biologic valves [6, 7].

Brown et al [8] analyzed 4,568 patients who received bio-
logic valves for aortic valve replacement over 15 years and 
reported a significant incidence of early thrombosis of porcine 
aortic bioprostheses requiring reoperation: 1.26% for the Bio-
cor valve, 0.37% for the Mosaic valve, and 0.84% for the Han-
cock valve. They found no cases of thrombosis for the peri-
cardial valve (5,923 patient-years) or the stentless valve (172 
patient-years).

Makkar et al [9] reported reduced leaflet motion on com-
puted tomography (CT) in 22 of 55 patients (40%) who re-
ceived TAVR in the PORTICO IDE clinical trial and in 17 of 
132 patients (13%) in two TAVR registries (RESOLVE and 
SAVORY). Reduced leaflet motion was detected among pa-
tients with multiple bioprosthesis types, including transcath-
eter and surgical bioprostheses. Anticoagulation with warfarin, 
in contrast to dual antiplatelet therapy, was associated with a 
decreased incidence of reduced leaflet mobility (0% and 55%, 
respectively, P = 0.01 in the clinical trial; and 0% and 29%, 
respectively, P = 0.04 in the pooled registries).

Chakravarty et al [10] further analyzed the subclinical 
leaflet thrombosis in bioprosthetic aortic valves, which was 
found to be more commonly in transcatheter than in surgical 
valves and associated with increased transient ischemic attack 
(TIA) and stroke risk. Anticoagulation, both with non-vitamin 
K antagonist (VKA) oral anticoagulants (NOACs), and warfa-
rin, but not with dual antiplatelet therapy, was effective in pre-
venting or treating subclinical leaflet thrombosis. They identi-
fied prevention and treatment of subclinical leaflet thrombosis 
as a potential opportunity to improve valve hemodynamics and 
clinical outcomes in TAVR.
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Cordoba-Soriano et al [11] reviewed 11 publications re-
porting 16 patients with valve thrombosis at a median of 6 
months following TAVR, 15 of whom received a balloon-ex-
pandable valve; all received dual antiplatelets following the 
procedure and continued to take either mono- or dual anti-
platelets at the time of valve thrombosis diagnosis. Progressive 
dyspnea was the most common symptom and leaflet thicken-
ing and increase in transvalvular gradient (TVG) from 10 to 40 
mm Hg were the most common transthoracic echocardiogram 
(TTE) findings. Systemic embolism was not a post-TAVR fea-
ture of valve thrombosis.

Oliver et al [12] found mitral bioprosthetic valve throm-
bosis (BPVT) in 10 of 161 patients (6.2%) with evidence of 
bioprosthesis dysfunction suggesting that BPVT has a higher 
incidence than was previously reported. Two patients under-
went prosthetic valve replacements and the remainder received 
anticoagulation.

Egbe et al [13] identified BPVT in 46 out of 397 (11%) 
bioprosthetic valves explanted at Mayo Clinic, which also 
suggested BPVT to be more frequent cause of bioprosthesis 
dysfunction. In contrast to the misconception that BPVT is 
a perioperative phenomenon, Egbe’s study also revealed that 
65% of all reoperations were due to BPVT, occurred more than 
1 year after implantation, and up to 15% of these reoperations 
occurred more than 5 years after implantation.

Natural History

Many cases of BPVT, involving surgical and catheter-based 
implanted bioprosthetic valves, are subclinical and elusive, 
therefore evading early diagnosis and timely treatment, lead-
ing to early bioprosthetic valve failure [14].

Sondergaard et al [15] reported the analysis of four-di-
mensional volume-rendered CT (4D-CT) of patients treated 
with TAVR or surgical aortic valve replacement (SAVR) 
in the SAVORY registry, which revealed cases of hypo-at-
tenuating leaflet thickening (HALT) with or without hypo-
attenuation affecting motion (HAM). Although the temporal 
pattern of these observations is unclear, overall subclinical 
leaflet thrombosis was common, progressing from normal 
leaflets to HALT or to the more pronounced HAM. These 

phenomena may appear or resolve at variable intervals after 
valve implantation, with some evidence of a protective effect 
of anticoagulants.

Doris and Dweck [16] suggested that bioprosthetic valve 
degeneration may be triggered by a mechanism involving sub-
clinical leaflet thrombosis and secondary calcification of the 
leaflets, leading to subsequent degenerative changes and valve 
dysfunction.

Pathophysiology

Although no specific etiology stands out in the pathogenesis 
of BPVT, several valve characteristics and patient profiles, 
including comorbidities, have been associated with increased 
incidence of thrombus formation on bioprosthetic valves (Ta-
ble 1).

Mack and Holmes [17] listed several potential predispos-
ing factors for BPVT, including small valve size, high body 
mass index, lack of anticoagulation, and a TAVR valve in a 
previously placed surgical valve. They made three assertions: 
the first is that BPVT is more common than previously rec-
ognized, the second that 4D-CT is the most sensitive imaging 
modality for detection, and the third is that anticoagulation can 
resolve the problem in some patients.

Imada et al [18] reported a 61-year-old male who re-
quired venoarterial extracorporeal membrane oxygenation 
(VA-ECMO) due to extremely low cardiac output following 
mitral valve replacement (MVR) with a tissue valve, and was 
found to have mitral stenosis due to bioprosthetic mitral valve 
thrombus on TTE prior to planned left ventricular assist device 
(LVAD) implantation. They offered additional potential expla-
nations to BPVT including hypercoagulability, atrial fibrilla-
tion, atrial dilatation, low cardiac function, and lack of antico-
agulation therapy. Madathil et al [19] reported a similar case 
in a 21-year-old male requiring VA-ECMO following double 
valve replacement who had fatal bioprosthetic mitral valve 
thrombosis 2 days postoperatively. Kagiyama et al [20] report-
ed two other cases of a 75-year-old female and a 70-year-old 
male with acute BPVT of mitral valves in the setting of VA-
ECMO, despite anticoagulation.

Kothari et al [21] reported a 31-year-old male with signifi-

Table 1. Predictors of BPVT Reported in the Literature

Patient factors Valve/surgical factors Rheolytic factors
High body mass index Small valve size Lack of anticoagulation,
Female gender TAVR valve-in-valve (VIV) Hypercoagulability
Atrial fibrillation Suboptimal valve placement (TAVR) Eosinophilia
Atrial dilatation Non-resection of native valve Oral contraceptives
low cardiac function Aortic root morphology Polycythemia
VA-ECMO Calcified aortic annulus HIT
Calcium supplements Fondaparinux

Kounis syndrome

BPVT: bioprosthetic valve thrombosis; VA-ECMO: venoarterial extracorporeal membrane oxygenation; VIV: valve-in-valve; TAVR: transcatheter 
aortic valve replacement.
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cant eosinophilia and dyspnea who was found to have an in-
creased gradient across a mitral bioprosthetic valve implanted 
7 years earlier, with thickened leaflets. Treatment with corti-
costeroids and anticoagulation resulted in resolution of symp-
toms and decrease in the gradient and leaflet thickening of the 
bioprosthetic valve.

Yesin et al [22] reported a 44-year-old female with a bio-
prosthetic mitral valve implanted 6 years earlier who presented 
with significant dyspnea and was found to have increased TVG 
and decreased valve area caused by a large thrombus, all of 
which resolved following treatment with thrombolytic thera-
py. Extensive workup revealed no genetic mutation or protein 
deficiency which may have caused a hypercoagulable state; 
therefore her BPVT was blamed on oral contraceptive drug 
therapy including ethinyl estradiol and desogestrel which she 
started taking 1 month before admission.

Poels et al [23] reported severe BPVT in a 69-year-old 
female presenting with progressive dyspnea and syncope 9 
months following TAVR (Edwards-Sapien 23-mm prosthe-
sis) who was successfully treated with bioprosthetic MVR. 
Laboratory studies revealed a heterozygote prothrombin gene 
mutation causing a hypercoagulable state with a strongly in-
creased factor VIII; she was therefore treated with aspirin and 
warfarin.

Chamsi-Pasha et al [24] reported a 74-year-old female with 
dyspnea and fatigue 15 months following bioprosthetic MVR; 
transesophageal echocardiography (TEE) showed severe dif-
fuse bioprosthetic mitral valve leaflet thickening with severely 
restricted motion, indicative of diffuse thrombosis, which was 
successfully treated with thrombolytics and anticoagulation. 
She was found to have isolated positive titers of anticardiolipin 
IgM antibodies, which remained positive on repeat testing 12 
weeks afterward, and was therefore treated with long-term anti-
coagulation for antiphopholipid antibody syndrome.

Sidhu et al [25] reported a 72-year-old female with severe 
dyspnea and shock 7 days post bioprosthetic MVR who had 
a decline in platelet count with a positive heparin-induced 
thrombocytopenia (HIT) antibody assay; TTE and TEE both 
showed large immobile thrombi involving the left atrium and 
the mitral valve prosthesis. She underwent redo MVR with a 
mechanical prosthesis, but later died of multiorgan failure.

Tsiouris et al [26] reported a 75-year-old male with dysp-
nea and shock due to acute BPVT and obstruction of a mitral 
valve prosthesis implanted 2 months earlier; he recovered fol-
lowing redo operation and anticoagulation. Hypercoagulable 
workup was negative, including factor V Leiden, prothrombin 
gene mutation, protein C/S, antithrombin III, homocysteine 
levels and antiphospholipid antibodies. He only had erythro-
cytosis with a hematocrit of 60% 1 month prior to his presenta-
tion, which was present on admission with cardiogenic shock, 
but resolved 1 month postoperatively.

Connors et al [27] reported a 71-year-old male who was 
admitted with dyspnea due to BPVT and calcification of mi-
tral valve prosthesis despite an international normalized ratio 
(INR) of 4; he recovered following redo MVR. His past medi-
cal history included parathyroidectomy, for which he was on 
daily calcium and vitamin D supplementation.

Rosa et al [28] reported a 74-year-old female with his-
tory of bioprosthetic MVR who developed extensive left atrial 

thrombi following replacement of warfarin with fondaparinux 
secondary to acutely abnormal liver function tests. After a 
negative workup which excluded a thrombophilic state, viral/
autoimmune liver disease, cancer or biliary duct pathology, 
warfarin was restarted and fondaparinux was stopped, with 
subsequent resolution of the left atrial thrombi.

Kounis et al [29], commenting on a TAVR valve leaflet 
thrombosis case followed by stroke 3 years following implan-
tation, suggested that a potential unifying mechanism could be 
a delayed hypersensitivity reaction to one or more components 
of the implanted valve or drugs administered during the im-
plantation procedure (Kounis syndrome).

In an in vitro study, Jahren et al [30] measured the pul-
satile hemodynamics across bioprosthetic aortic valves in-
serted into compliant aortic root phantoms with symmetrical 
and patient-specific designs. They concluded that aortic root 
morphology affects blood flow dynamics in the aortic sinuses 
and may be a cause of BPVT, and recommended that patient-
specific aortic roots be used when selecting and positioning 
prosthesis.

Yao et al [31] suggested that elevated gradients across a 
TAVR implanted within a degenerated surgically implanted 
bioprosthesis can be partially due to the non-distensible na-
ture of bioprosthetic valves, resulting in an underexpansion 
of valve-in-valve (VIV) implant leading to accelerated degen-
eration and likely thrombosis of these valves. They reported 
that larger surgical valve size, supra-annular transcatheter 
heart valve type, and higher transcatheter valve implantation 
depth, were shown to reduce the incidence of elevated post-
VIV gradient.

Cremer and colleagues [32] discussed several potential 
mechanisms for early bioprosthetic valve failure based on 
operative and echocardiographic findings, and proposed a 
widened differential diagnosis including thrombosis (BPVT), 
pannus formation, early structural valve deterioration (SVD), 
endocarditis, patient prosthesis mismatch, and technical error.

Diagnosis

Several studies have demonstrated the utility of various diag-
nostic modalities in the diagnosis of BPVT. Criteria for the 
diagnosis have also been suggested for the various diagnostic 
modalities. Although an increase in the TVG across a pros-
thesis associated with symptoms is often the initial clue on 
TTE, further diagnostic modalities are usually required to bet-
ter characterize the cause and extent of the TVG increase and 
guide therapy. Egbe and colleagues [13] suggested clinical and 
echocardiographic criteria including atrial fibrillation, sub-
therapeutic INR, TVG, cusp thickening and mobility (Table 
2, [13]). Applying these criteria to 138 patients yielded rates 
of 72%, 90%, 78%, and 87% for sensitivity, specificity, and 
positive and negative predicted values for diagnosing BPVT, 
respectively.

Oliver et al [12] demonstrated the utility of TEE in the 
diagnosis of BPVT in the mitral position in 161 patients with 
clinical or TTE criteria of prosthetic malfunction. Homog-
enous, echodense masses were identified in 15 patients (9%), 
10 of whom had confirmed BPVT.
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Muskula et al [33] reported an 84-year-old male with 
worsening dyspnea 3 years following bioprosthetic MVR, 
who was found to have severe mitral stenosis by TTE. TEE 
revealed marked thickening of the mitral bioprosthetic leaflets 
with limited mobility and a large left atrial thrombus. After 5 
days of parenteral anticoagulation he underwent intraoperative 
TEE which revealed resolution of the mitral valve findings, 
obviating the need for redo MVR; he therefore underwent only 
resection of the left atrial thrombus and had an uneventful re-
covery.

Parro et al [34] analyzed 111 patients who underwent TEE 
for various reasons following bioprosthetic MVR, and report-
ed on the utility of serial TEE studies in the diagnosis and fol-
low-up following treatment of BPVT in four confirmed cases.

Waterbury et al [35] reported a 73-year-old patient with 
hemolysis 1 day post SAPIEN S3 TAVR; TEE revealed im-
pingement on the valve stent by the native calcified annulus 
causing reduced opening and severe periprosthetic aortic re-
gurgitation. Hemolysis resolved and the periprosthetic leak 
decreased to trivial following VIV implantation with another 
SAPIEN S3. They also reported a 64-year-old woman under-
going surgical MVR whose intraoperative TEE immediately 
post-surgery revealed reduced mobility in one leaflet despite 
therapeutic heparin administration. Both cases demonstrated 
the important role of TEE in identifying the mechanism of re-
stricted leaflet motion and differentiating mechanical factors 
from BPVT.

TEE, however, may have its limitations in the evaluation 
of prosthetic valve thrombosis, especially mechanical prosthe-
ses, as demonstrated by Perazella et al [36].

Using cardiac CT, Dalen and colleagues [37] demon-
strated the prevalence of HALT and reduced leaflet motion 
(RLM) in surgically implanted Perceval sutureless aortic valve 
bioprostheses, even in patients on anticoagulation. It has been 
hypothesized that HALT and RLM may be caused by subclini-
cal leaflet thrombosis, leading to premature SVD and risk of 
thromboemboli [38].

Galaska et al [39] reported a 64-year-old asymptomatic 
patient with a high TVG across an aortic bioprosthesis im-
planted 6 months earlier, detected on routine TTE which did 
not adequately visualize the leaflets; a cardiac multidetector 
CT (MDCT) revealed thickening with limited mobility of 
the basal segments of the leaflets consistent with thrombosis, 
which resolved following low-molecular-weight heparin and 
later warfarin with significant decrease in the TVG.

Reviewing a meta-analysis of observational studies, 
Rashid et al [40] concluded that MDCT-defined aortic BPVT 
is associated with a significantly increased risk of stroke. They 

recommended prospective studies to examine whether this can 
be prevented or treated with pharmacological agents.

Tarzia et al [41] demonstrated the utility of gated 64-row 
MDCT in cardiac imaging of prosthetic valve thrombosis, 
helping to concurrently evaluate thrombus characteristics and 
exclude coronary artery disease.

Management

The level of anticoagulation recommended following biopros-
thetic valve implantation remains controversial with regards to 
the adequacy of antiplatelet therapy alone versus the need to add 
anticoagulation with warfarin, especially early following sur-
gery. Lee et al [42] retrospectively analyzed 479 patients who 
were 3 months after bioprosthetic AVR and greater than 60 years 
old in a single center over 10 years. They found the incidence 
of thromboembolism and bleeding were similar in warfarin and 
aspirin-treated groups, and recommended that if the patient does 
not have indications of warfarin, early antithrombotic therapy 
with aspirin only may be more feasible for elderly patients. Sim-
ilarly, in a prospective, single-center, open-label, randomized 
controlled trial, Rafiq et al [43] reported data from 328 patients 
post bioprosthetic AVR (with or without coronary artery bypass 
grafting (CABG)) suggesting that, for the first 3 months follow-
ing surgery, aspirin 150 mg daily might be equally effective as 
warfarin (INR 2 - 3) in preventing thromboembolic events, but 
with less major bleedings. In an editorial, Stevens and Doty [44] 
commented that the long-term effects of subclinical events such 
as reduced leaflet motion and thrombus deposition on biopros-
thetic valves remain unknown and require further study before 
abandoning the use of warfarin in such patients.

Van der Wall and colleagues [45] followed 402 patients 
1 year after bioprosthetic AVR, and reported that acenocou-
marol caused increased risk of bleeding and no reduction in 
thromboembolic events compared with antiplatelets, thereby 
recommending aspirin over vitamin K antagonists (VKAs) for 
postoperative thromboprophylaxis therapy.

Based on the results from the Society of Thoracic Sur-
geons Adult Cardiac Surgery National Database, Brennan et 
al [46] reported that overall risk of death and embolism was 
small in the first 3 months following bioprosthetic AVR. De-
spite the lower risk of such events in patients on aspirin and 
warfarin compared to aspirin alone, this strategy was associ-
ated with an increased risk of bleeding.

Mydin et al [47] reviewed multiple studies on the opti-
mal anticoagulation of bioprosthetic AVR and concluded that 
guidelines remain contradictory due to the limitations of avail-

Table 2. Egbe’s criteria for BPVT Diagnosis [13]

≥ 50% TVG increase from baseline within 5 years of surgery without high cardiac output
Increase cusp thickening (> 2 mm) especially on the downstream aspect of the valve
Abnormal cusp mobility
Paroxysmal atrial fibrillation
Subtherapeutic INR

BPVT: bioprosthetic valve thrombosis; TVG: transvalvular gradient; INR: international normalized ratio.
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able studies with conflicting results. Until more definitive data 
are available, they suggested, critical assessment of the avail-
able literature will remain an important driver for decision-
making and good clinical practice in thromboprophylaxis fol-
lowing bioprosthetic AVR.

Del Trigo et al [48] reported the results of a multicenter 
study of TVG by echocardiography 12 months following TAVR 
in 2,466 patients, 707 of whom received anticoagulation. They 
concluded that the lack of anticoagulation post TAVR was as-
sociated with significant increase in TVG and greater risk of 
valve hemodynamic deterioration, which was subclinical in 
most cases and did not cause major adverse clinical events.

Sanaani et al [49] reviewed the options for anticoagulation 
in patients with prosthetic valves and emphasized the risk of 
early bioprosthetic valve thrombosis, especially in the mitral 
position, and the need for warfarin within 3 months of inser-
tion; they remarked that no trials to date have reported the ef-
ficacy and safety of novel oral anticoagulants within 3 months 
of bioprosthetic valve implantation.

Thourani and colleagues [50] retrospectively analyzed 
572 patients who underwent bioprosthetic MVR over a 5-year 
period with regards to treatment with either 4 - 6 weeks of 
postoperative warfarin or no warfarin. They reported that al-
though the use of postoperative warfarin did not reduce the 
incidence of stroke at early follow-up, it was associated with a 
trend for improved long-term outcomes.

The 2017 AHA/ACC Focused Update of the 2014 AHA/
ACC Guideline for the Management of Patients With Valvular 
Heart Disease [51] recommended that for both aortic and mi-
tral bioprosthetic valves, in addition to aspirin, anticoagulation 
with warfarin targeting an INR of 2.5 should be considered (IIa 
recommendation) in patients with a low risk of bleeding for 3 
to 6 months following surgery. The guidelines further recom-
mended that after TAVR it is reasonable (IIb recommendation) 
to use anticoagulation with warfarin targeting an INR of 2.5 
for at least 3 months, or clopidogrel 75 mg daily for the first 6 
months in addition to life-long aspirin 75 mg to 100 mg daily.

The management of prosthetic valve thrombosis varies 
according to the type of prosthesis involved, the size of the 
thrombus and the severity of the hemodynamic abnormalities. 
Monteiga and colleagues [52] reported an overall 82% success 
rate with the use of thrombolytics in prosthetic valve throm-
bosis in various positions. Lengyel et al [53] analyzed several 
studies on prosthetic valve thrombosis and recommended that 
thrombolysis, followed by heparin, warfarin and aspirin, were 
advised for high risk surgical candidates with left-sided pros-
thetic valve thrombosis.

Comparing BPVT patients treated initially with warfarin 
versus surgery/thrombolysis, Pislaru et al [54] reported that 
warfarin resulted in hemodynamic and clinical improvement 
with minimal risk. They recommended warfarin as first-line 
therapy in hemodynamically stable patients with BPVT.

Butnaru et al [55] reported an incidence of 6% mitral 
BPVT out of 149 MVR operations over 10-year period, two-
thirds of whom showed resolution of symptoms and TVG 
with anticoagulation, while one-third required surgery. They 
recommended that an initial trial with anticoagulation is war-
ranted in this condition, and that surgery should be reserved 
for those who are hemodynamically unstable. They noted that 

non-resection of the native valve at the initial operation may 
play a role in the presence of BPVT.

Alshehri et al [56] reported a 26-year-old female with a 
porcine mitral bioprosthesis who presented with acute pul-
monary edema secondary to obstructive valve thrombosis. A 
favorable outcome was observed after conservative anticoagu-
lant treatment.

Some cases of BPVT involve a large thrombus burden 
not responsive to anticoagulants or thrombolysis, requiring 
valve reoperation or thrombectomy. Tarzia et al [57] reported 
a 73-year-old male who presented with dyspnea and elevated 
TVG 1 year following aortic valve and ascending aorta replace-
ment. He required re-operation, which revealed an intact valve 
with massive thrombus treated successfully with thrombecto-
my. Fan et al [58] reported a similar case in a 61-year-old male 
who presented with cardiogenic shock 11 months following a 
bioprosthetic porcine AVR, requiring surgery. He was found to 
have thrombosis of the three cusps on the aortic side, limiting 
the opening of the valve, and necessitating thrombectomy.

Jung et al [59] reported a 77-year-old female who present-
ed with progressive dyspnea 2 years following bioprosthetic 
MVR due to BPVT unresponsive to thrombolytic therapy and 
diuresis. She underwent successful urgent redo MVR with a 
bioprosthesis.

The duration of anticoagulation following an episode of 
BPVT is unclear; however, Yong et al [60] described a case of 
recurrence of BPVT 6 months following cessation of anticoagu-
lation in a successfully treated aortic BPVT and recommended 
life-long anticoagulation in this patient group. The increasing use 
of TAVR as an alternative to surgical aortic valve replacement in 
various risk groups has introduced new challenges with regards 
to TAVR BPVT prevalence [61], evaluation and imaging [62], 
etiologies [63], cerebrovascular [64] and cardiac [65] embolic 
consequences, adequate treatment with warfarin versus NOACs 
[66, 67], intermediate and long-term anticoagulation [68] and 
follow-up [69]. The increasing use of valve-in-valve procedures 
is expected to bring on further uncharted challenges [70].

Conclusions

BPVT is a major cause of either acute or indolent bioprosthetic 
valve degeneration, and often has an elusive presentation caus-
ing delayed recognition and treatment. The literature has ex-
tensively addressed the risks and benefits of anticoagulation 
following bioprosthetic valve replacement to prevent BPVT, 
without conclusive results or evidence-based recommenda-
tions. It seems that the exponential research and clinical use 
of catheter-based and to a lesser extent, surgical-based, valve 
therapies have not been paralleled with commensurate research 
in the required adjunctive antithrombotic and anticoagulant 
therapies to assure safe delivery and long-term outcomes of 
such therapies, especially with regards to BPVT.
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