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ABSTRACT

Objective Bioprosthetic valve thrombosis (BPVT) is
increasingly recognised as a major cause of prosthetic
dysfunction in the first years postimplantation. How early
abnormal gradients can be detected prior to diagnosis
and how fast they normalise with anticoagulant therapy is
unknown. We set forth to (1) evaluate patterns of increase
in gradients prior to BPVT diagnosis and (2) characterise
time-course of response to anticoagulation.

Methods Patients treated with warfarin for BPVT
(1999-2019) with clinically significant reduction of

mean gradients (>25%) were identified retrospectively.
Recovery was defined as gradient decrease >50%,

to postimplantation or to normal-range gradients per
position, model and size. Time-to-BPVT (implantation—
BPVT diagnosis), potential diagnostic delay (first abnormal
gradient by position, model and size—BPVT diagnosis) and
time-to-recovery (BPVT diagnosis—complete resolution)
were recorded.

Results 77 patients were identified; 32 (42%) aortic (23
surgical—12 porcine, 11 pericardial; 9 transcatheter);

24 (31%) mitral; 21 (27%) tricuspid. Median time-to-
BPVT was 24, 21 and 10 months, respectively. Potential
diagnostic delay was median 21 months for aortic, 4
months for mitral, but 0 for tricuspid. Recovery was
significantly faster in mitral than aortic (median 2.5 vs

4.8 months, p=0.038) and tricuspid (median 5.9 months,
p=0.025) positions. Porcine aortic valves responded faster
than pericardial aortic valves (median 2.9 vs 20.3 months,
p=0.004).

Conclusion Gradients start to increase months before
the clinical BPVT diagnosis. Recovery is faster in mitral
and surgical aortic porcine valves; a longer warfarin trial
seems indicated in tricuspid and surgical aortic pericardial
valves.

INTRODUCTION

Bioprosthetic valve thrombosis (BPVT) is
an increasingly recognised cause of biopros-
thetic valve dysfunction."™ We have previ-
ously proposed and evaluated performance
of echocardiographic criteria for BPVT diag-
nosis and shown that patients with clinically
manifest BPVT may experience accelerated
bioprosthetic valve failure despite successful

Key questions

What is already known about this subject?

» Bioprosthetic valve thrombosis (BPVT) is a known
cause of bioprosthetic valve dysfunction that can be
treated by anticoagulation but appears to be asso-
ciated with accelerated bioprosthetic degeneration.

What does this study add?

» Gradients start to increase months before BPVT di-
agnosis suggesting a knowledge gap and providing
an opportunity for improvement.

» Time of response to warfarin depends on valve po-
sition and type.

How might this impact on clinical practice?

» Closer surveillance and increased awareness on
BPVT can lead to an earlier diagnosis of BPVT.
Timely diagnosis and effective therapy may prevent
the accelerated bioprosthetic degeneration we ob-
served in previous studies.

» Knowledge about time of response to warfarin al-
lows tailoring initial anticoagulant therapy according
to valve position and type. This could reduce the
bleeding risk.

anticoagulant therapy'™ °; early detection
and adequate therapy may be critical in miti-
gating irreversible bioprosthetic structural
changes.

While multiple reports have shown antico-
agulation as effective in BPVT,'™ ™ to date no
study has reported on the patterns of associ-
ated gradient changes before and after diag-
nosis. This information is critical in defining
two key elements in management of BPVT:
(1) tailoring strategies to improve early detec-
tion of BPVT and (2) assess minimal duration
of initial anticoagulant therapy in order to
minimise bleeding risk.” '

METHODS

Study population

Only patients who previously agreed to
include their data in a retrospective research
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study were included. We retrospectively identified adult
patients who were treated with warfarin at our institution
for possible BPVT between January 1999 and December
2019 and had clinically significant reduction of mean
gradients (MGs) (225% decrease from MG at time of
BPVT diagnosis). Target international normalized ratio
(INR) was 2.5 (range 2-3). All patients were managed by
their local anticoagulation clinics. Baseline demograph-
ical and clinical data were extracted from the electronic
medical record.

Definitions

Evolution of MG before clinical BPVT diagnosis was
assessed from all echocardiograms between postimplant
(‘fingerprint’ study) and the clinical diagnosis of BPVT.
MGs were considered abnormal when above normal
range for the specific prosthesis position, model and
size."' ™% Patients with gradients above range immediately
postimplantation were excluded from this analysis.

A response to anticoagulation was considered present
when MG decreased 225% from peak at diagnosis.
Recovery was defined as decrease of MG to postimplan-
tation baseline level, 250% from BPVT diagnosi52 % or to
normal range per position, model and size' 1% as well as
resolution of leaflet thickening/impaired mobility. All
patients were started on warfarin at the time of suspected
BPVT diagnosis and were maintained at least until
recovery or to surgical/percutaneous reintervention.

We defined three-time intervals: time to BPVT (interval
between implantation and formal clinical diagnosis
of BPVT), time of potential diagnostic delay (interval
between first abnormal gradient and clinical diagnosis of
BPVT) and time to recovery (interval between BPVT diag-
nosis and first echocardiographic study demonstrating

recovery). The time interval between implantation and
first echocardiographic follow-up study was documented.
In order to assess the impact of increasing BPVT aware-
ness, we performed separate analysis on patients in the
first and second decade of the study.

Statistical analysis

Normal distribution was assessed with the Shapiro-Wilk
test. Categorical data were compared using the Pearson
test and results were reported as frequencies and percent-
ages. Continuous variables were summarised as median
and IQR. Normally distributed variables were compared
using the Student’s t-test, and non-normal variables were
compared with the Wilcoxon test. Multiple compar-
ison tests were used as appropriate. Survival analysis was
performed by the Kaplan-Meier method. When adjust-
ments were done, the fit proportional hazards method was
used for categorical variables and standard least squares
with full factorial effects method was used for continuous
variables. Time to recovery was measured starting at time
of BPVT diagnosis. Subgroup analysis was performed in
patients with BPVT in the aortic position for effect of valve
type on the evolution and resolution of gradients. Statis-
tical significance was accepted for p value <0.05. All anal-
yses were performed with JMP Pro software V.14.1.0 (SAS
Institute). The data underlying this article will be shared
on reasonable request to the corresponding author.

Patient and public involvement
There was no direct involvement of patients or public in
this research.

RESULTS
Between January 1999 and December 2019, 77 patients
(median (IQR) age 73 (59-83) years; 42 (55%) men) had

Table 1 Demographics and echocardiographic characteristics by valve position
Aortic n=32 Mitral n=24 Tricuspid n=21 P value* P valuet P valuet

Age 79 (70-85) 74 (59-85) 66 (52-74) 0.579 0.007 0.072
Gender, male 22 (69) 9(38) 11 (52) 0.020 0.229 0.316
Valve type <0.001 <0.001 0.889

Porcine 11 (34) 21 (88) 20 (90)

Pericardial 12 (38) 2(8) 1(5)

Transcatheter 9 (28) 1(4) 19
Postimplant MG (mm Hg) 12 (8-18) 4 (3-5) 3(2-5) - - -
BPVT MG (mm Hg) 41 (35-54) 13 (9-19) 8 (7-10) = = =
Time to 1st echo follow-up after implantation 10.9 (1.2-16.1) 4.3 (1.5-24.0) 3.5(1.7-11.5) 0.678 0.296 0.759
Time to BPVT diagnosis 242 (12.4-65.9) 20.9(6.3-40.6) 9.8(1.3-35.4) 0.301 0.010 0.130
Potential diagnostic delay 21.3(7.8-61.7) 3.6 (0.0-23.8)  0.02(0.0-1.5) 0.037 0.029 0.662
LVEF at BPVT, % 62 (59-67) 60 (52—64) 61 (56-65) 0.125 0.466 0.390
SV index at BPVT (mL/m?) 50 (42-63) 45 (33-55) 40 (33-50) 0.039 0.003 0.480

All duration intervals are in months. Numbers are reported as median (IQR) or number (percentage).

*Comparison between aortic and mitral positions.
TComparison between aortic and tricuspid positions.
FComparison between mitral and tricuspid position.

BPVT, bioprosthetic valve thrombosis; LVEF, left ventricular ejection fraction; MG, mean gradient; SV, stroke volume.
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>25% decrease in MG in response to anticoagulation for
presumed BPVT. Of these, 32 (42%) were in the aortic
position (surgical, pericardial: 12; surgical, porcine: 11;
transcatheter: 9), 24 (31%) in the mitral position and
21 (27%) in the tricuspid position. Demographics and
echocardiographic data by valve position are shown
in table 1. Some of these patients were included in
previous studies.'™? All patients were started on lifelong
aspirin after valve implantation. Bar a specific contrain-
dication to anticoagulation, all patients with mitral and
tricuspid replacements received 3-month warfarin after
the valve implantation. For the aortic position, prior to
2012 patients received only aspirin; after 2012, 3-month
warfarin was recommended. At time of BPVT diagnosis,
10 of 77 (13%) patients were hospitalised due to acute
heart failure exacerbation.

Time to BPVT and effect of timing of first echocardiographic
surveillance

Median (IQR) time from implantation to BPVT diag-
nosis was 21 (7-47) months. When analysed by valve
position (table 1), time to BPVT in the tricuspid position
was shorter than the aortic position (p=0.010) despite

comparable time to first echo follow-up after implanta-
tion (p=0.296). However, comparison of time to BPVT
diagnosis between mitral and tricuspid positions did
not achieve statistical significance (p=0.130) although
it tended to be shorter in the tricuspid position. Time
to first echo follow-up was also comparable (p=0.759)
between the mitral and tricuspid positions. A total of
28/77 (36%) were diagnosed with BPVT within the first
year of implantation and 61/77 (79%) within 5years of
implantation (figure 1, top panel). Notably, a total of
16/77 (21%) patients were diagnosed with BPVT more
than byears after valve implantation.

We noticed a significantly shorter time to first
echocardiographic surveillance following transcath-
eter aortic valve replacement (TAVR) than surgical
aortic valve replacement (SAVR) (1.1 (0.8-3.5) vs 9.7
(2.3-19.1) months; p=0.002). Similarly, time to BPVT
diagnosis tended to be shorter after TAVR (12.6 (10.5-
29.4) months) than after surgical replacement (SAVR;
37.9 (16.7-69.3) months; p=0.054). Furthermore, when
analysing the relationship between time of first follow-up
echocardiographic study and time to BPVT diagnosis,
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Figure 1

Time to bioprosthetic valve thrombosis (BPVT) and associated potential diagnostic delay. Top panel: Time from

valve implantation to the diagnosis of BPVT in the aortic, mitral and tricuspid positions. Most cases are diagnosed in the
first 5years. Bottom panel: Individual patients are coded by colour. The smoother line (cubic spline with lambda 0.05 and
standardisedxvalues) shows that gradients start to increase months before the formal diagnosis of BPVT signifying a potential
for earlier diagnosis with more strict surveillance and increased awareness. The median humber of echocardiographic studies

per patient is 3.
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Figure 2 Difference between time to bioprosthetic valve
thrombosis (BPVT) diagnosis between the two decades
spanning the study duration. Left panel: time to BPVT
diagnosis is shorter in the second decade (n=56) than in the
first decade (n=21) of the study period. Right panel: time
from first abnormal gradient to the formal diagnosis of BPVT
is also shorter in the second decade (n=27) than in the first
decade (n=14) of the study implicating a shorter diagnostic
delay. These findings reflect the role of increased awareness
for an earlier diagnosis of BPVT and initiation of appropriate
treatment.

there was a moderate-to-strong correlation (r=0.7,
p<0.001). After adjustment for time to first follow-up
echo, the difference in time to BPVT diagnosis was no
longer significant between TAVR and SAVR patients
(p=0.346).

Time of potential diagnostic delay

Figure 1, bottom panel, shows evolution of MG (as abso-
lute change from postimplant gradients) within the
2years preceding formal diagnosis of BPVT. The time
of potential diagnostic delay was longest for aortic pros-
theses (21.3 (7.8-61.7) months, n=19; p=0.037vs mitral
and 0.029 vs tricuspid). While the delay for mitral (3.6
(0.0-23.8) months, n=14) was longer than for tricuspid
(0.02 (0.0-1.5) months, n=8), the difference did not
reach statistical significance (p=0.662). There were signif-
icant differences between the patterns of diagnosis in the
first and second decades of the study period with more
patients diagnosed with BPVT (56 in 2010-2019 vs 21 in
1999-2009) at earlier time postimplantation (17.3 (6.6—
36.9) months; n=56 vs 57.7 (13.4-100.6); n=21, p=0.003)
and with shorter diagnostic delay (7.8 (0.0-20.4) months;
n=27) versus 28.3 (0.0-67.7) months; n=14, p=0.108
(figure 2). Of note, there was no significant difference in
type of aortic prosthesis (pericardial vs porcine) or in use
of 4D CT scans between the decades (p=0.879, p=0.706,
respectively).

Time to recovery

A total of 65 patients (84.4%) achieved recovery during
the study. Of the 12 patients who showed decrease >25%
of gradients but did not achieve recovery, 2 were lost to
follow-up; 5 first responded to warfarin, but had re-esca-
lating gradients within a few years that failed to respond
to a second warfarin challenge and required surgical
intervention due to pathology-confirmed degeneration;
2 had severe residual symptomatic prosthetic dysfunction
despite gradients decreasing >25% and underwent early
surgery (within 2 months of BPVT diagnosis; pathology

confirmed BPVT in both); 1 re-thrombosed immediately
due to anti-phospholipid syndrome, and 1 had gradients
increase again after initial response due to an unknown
mechanism; this last patient has not undergone re- inter-
vention.

Median time (IQR) from BPVT diagnosis to a decrease
of 25% in gradients was 2.7 (1.1-5.9) months, while
median time to recovery was 3.8 (1.4-8.8) months. Age,
time of potential diagnostic delay and stroke volume (SV)
index had no effect on the rate of resolution of BPVT
(p=0.491, p=0.282, p=0.918, respectively for recovery).
Male gender was only borderline associated with the rate
of recovery (HR: 1.66 (1.00-2.76), p=0.051). Early BPVT
diagnosis and therapy (shorter time from implantation to
clinical BPVT diagnosis and initiation of anticoagulation)
was more frequently seen in patients with recovery, but
this association did not reach statistical significance (HR
0.93 (0.84-1.02) per year, p=0.13). Patients with >25%
reduction in gradients within first 3months were highly
likely to achieve recovery at long term follow-up (HR of
3.61 (2.13-6.11), p<0.001).

Effect of valve position and type on gradient resolution

While the total numbers are small, we noted a substantial
difference in the response to anticoagulation in surgi-
cally implanted porcine versus pericardial valves in the
aortic position, with a median time to complete resolu-
tion of 2.9 and 20.3 months, respectively (figure 3). BPVT
in porcine valves was faster to fully recover than in peri-
cardial valves (HR 4.26 (1.46-12.50), p=0.004). Longest
duration for recovery was 13.9 months for porcine valves
and 26.0 months for pericardial valves. For transcatheter
aortic valves, median time to recovery was 3.2 months,
and longest time to recovery was 30.7 months. Given the
very small number of BPVT in TAVR valves (N=9), and
the fact that BPVT may have been diagnosed at an earlier
stage (significantly earlier time of follow-up echocardi-
ography and time to BPVT), we did not include these
patients in a direct comparison, as BPVT may have been
diagnosed at an earlier stage.

Valve position and type had significant effects on the
rates of recovery from BPVT (figure 3). Median time to
recovery in the aortic, mitral and tricuspid positions was
4.8, 2.5 and 5.9months, respectively. Full resolution of
BPVT at the mitral position was significantly faster than the
aortic (HR 1.91 (1.03-3.54), p=0.038) and the tricuspid
(HR 2.15 (1.09-4.27), p=0.025) positions. There was no
difference between the aortic and the tricuspid positions
(p=0.984). Of the patients who achieved recovery, longest
duration to recovery in months was 30.7 in the aortic, 5.0
in the mitral and 48.1 in the tricuspid positions.

There was a predominant use of porcine prostheses in
mitral (22/24) and tricuspid position (20/21) compared
with aortic (11/32). When adjusting for valve type, rate
of recovery of BPVT was comparable between the aortic
and mitral positions (p=0.226). However, mitral BPVT
recovery remained faster than the tricuspid (p=0.034).
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pericardial aortic valves. AV, aortic valve; MV, mitral valve; TV, tricuspid valve.

DISCUSSION

To the best of our knowledge, this is the first study
that investigates patterns of rise in prosthetic gradients
leading to a clinical diagnosis of BPVT and their reso-
lution in response to anticoagulant therapy. Our main
findings are: (1) MGs started to increase months before
a formal diagnosis of BPVT, suggesting opportunities for
improved diagnostic strategies; (2) BPVT recovery tends
to be slower in the tricuspid and aortic positions and a
warfarin trial should be longer in these cases; (3) surgical
pericardial aortic valves seem to recover more slowly than
porcine valves; (4) over half of the patients will require
anticoagulation for longer than 3months to achieve
recovery.

Diagnostic delays: opportunities for improvement

MGs started to increase months before the formal diag-
nosis of BPVT and the initiation of anticoagulation,
with median of 21.3months before aortic BPVT and
6.7months before mitral BPVT. We believe a contributor
was the clinicians’ lack of familiarity with BPVT. Indeed,
both time from implantation to BPVT diagnosis and time
from detection of first abnormal MGs to the formal BPVT
diagnosis were shorter in the second decade of the study,
most likely due to an increased awareness in the second
decade. Moreover, the very short median time from
onset of high gradients to diagnosis and treatment in the
tricuspid position are in the context of high BPVT aware-
ness in the congenital and carcinoid heart disease groups
at our institution (HMC, PAP).

Given our finding of increased valvular gradients signifi-
cantly before clinically overt BPVT, we hypothesise that
a strategy based on early, systematic echocardiographic
surveillance may lead to earlier diagnosis of BPVT. Both
the 2017 European Society of Cardiology (ESC) and the

2020 American College of Cardiology (ACC)/American
Heart Association (AHA) guidelines recommend annual
transthoracic echocardiography (TTE) after TAVR.' ' '
On the other hand, while the 2017 ESC guidelines also
recommend annual TTE after surgically implanted valves
in asymptomatic patients, the 2020 ACC/AHA guidelines
still recommend routine echocardiographic surveillance
only at 5 and 10years postimplantation of surgically
implanted valves, then yearly after.' Such an approach
would not be able to detect the early subclinical gradient
changes we observed in our study, putting patients under-
going surgical valve replacement at a disadvantage when
compared with TAVR. The similar l-year incidence of
BPVT noted after SAVR and TAVR in recent clinical
trials® *' in addition to our observation of no residual
difference in time to BPVT between TAVR and SAVR
when taking into account time to first follow-up both
argue that surveillance should be equally aggressive in
SAVR valves.

While increased gradients could be associated with
other differential diagnoses (including early prosthetic
degeneratlon pannus formation, patient—prosthesis
mismatch),” recognising that mildly abnormal MGs can
be an early sign for subclinical BPVT can set the stage
for a closer follow-up that aims for an earlier diagnosis
(figure 4). Makkar and colleagues elegantly demonstrated
that immobilisation of one leaflet of a prosthetic valve
results in only minor increase in MGs towards the upper
limit of normal range.! Our data further suggest there is a
significant time delay between this initial increase in MG
and the overt BPVT picture, providing an opportunity
for improvement in current clinical practice. We propose
that patients who have imaging features compatible with
BPVT diagnosis (abnormal leaflet thickness and motion)
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Figure 4 Suggested approach for diagnosis of bioprosthetic valve thrombosis. TEE, transoesophageal echocardiography.

associated with an increase in MG to above normal range
should undergo early transoesophageal echocardiog-
raphy or 4D CT imaging.* **° If the clinical suspicion of
BPVT islow (eg, patientalready on anticoagulant therapy;
alternative explanation for high gradients; no morpho-
logical features of BPVT), we suggest close observation
(figure 4). In a small surgical series, we found that atrial
fibrillation and hypercoagulable status were associated
with BPVT.”” In a large TAVR meta-analysis, D’Ascenzo
et al have reported other factors associated with BPVT,
including larger valve diameter, balloon expandable
prostheses, valve in valve procedures, patients with body
mass index >30kg/m? and single antiplatelet therapy.?’
These patients would benefit from a high index of suspi-
cion and a closer follow-up especially in the setting of
increasing gradients.

Cardiac 4D CT has emerged as the imaging modality of
choice for aortic bioprosthetic thrombosis.* Presence of
hypo-attenuated leaflet thickening (HALT) and restricted
leaflet motion are hallmarks of BPVT.* The recent CoreV-
alve Evolut Low Risk and PARTNER 3 trials demonstrated
occurrence of BPVT in a significant number of patients
at 30 days and 1year following TAVR or SAVR.*’*' HALT
was not associated with higher gradients measured or
with adverse outcomes (deaths, strokes or transient isch-
aemic attacks (TIAs)) in the CoreValve Evolut Low Risk
trial.?! On the other hand, the PARTNER 3 trial did show
that although the presence of HALT did not significantly
affect aortic MG at 30 days or 1year, patients with HALT
at both time points had significantly increased MG at
lyear.” Furthermore, the trial demonstrated higher
composite end-point of stroke/TIA and thromboembolic

complication rates in patients with HALT.*” None of these
trials have reported the long-term outcomes. Given our
observation of accelerated bioprosthetic failure in overt
BVPT® as well as the increased risk of embolic events
noted in PARTNER 3, we feel that a strategy designed to
diagnose and treat early BPVT could impact long-term
outcomes.”

Resolution of gradients: duration of initial anticoagulation to
observe a full response

In this retrospective study, median (IQR) time to
recovery was 3.8 (1.4-8.8) months. Most likely, true time
to recovery is shorter as BPVT may have resolved long
before the echocardiogram documenting the response.
Furthermore, the observed results are influenced by the
highly variable pattern of echocardiographic follow-up
ordered by multiple primary cardiologists in an interval
spanning two decades. However, important considera-
tions can be inferred from this current study.

First, over half of the patients require >3months of
anticoagulation for achieving recovery from BPVT. We
suggest that a 3-month interval after initiating anticoagu-
lation for BPVT is the optimal time for first follow-up visit.
Indeed, at this stage all patients who responded to antico-
agulant therapy already had a decrease in gradients (and
can be continued on anticoagulation to full resolution
provided the risk of bleeding is acceptable); those who
do not respond should be considered for different inter-
ventions. Importantly, those patients who experience at
least 25% reduction in gradients within first 3months
have a very high likelihood of recovery; this information
can be incorporated in decision-making.

6
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Second, in terms of valve position, both the aortic and
the tricuspid positions seem to need a significantly longer
duration of anticoagulation for recovery than does the
mitral position. Clinicians must be aware of these differ-
ences and prepared to recommend a longer trial of anti-
coagulation for BPVT in aortic and tricuspid position,
especially in the setting of pericardial aortic valves (see
below).

Third, in this small cohort, we noted significantly
delayed recovery in pericardial aortic valves when
compared with porcine valves. Therefore, we suggest that
a longer duration of warfarin trial might be needed and
should be factored into the discussion with patients diag-
nosed with BPVT in pericardial valves.

Larger randomised studies are needed to evaluate the
role of different anticoagulants including direct oral anti-
coagulants in treatment of BPVT. Further information is
needed whether earlier diagnosis of BPVT can shorten
the duration of anticoagulant therapy.

LIMITATIONS

There are several limitations to our study. First, we defined
BPVT according to a combination of echocardiographic
findings, response towarfarin, and CT imaging when avail-
able, but with no pathology confirmation in most cases.
However, echocardiographic criteria have shown excel-
lent sensitivity and specificity in previous studies”® and
the fact that these patients had both echocardiographic
resolution as well as improvement in MGs makes the
diagnosis of BPVT reasonable. We only included BPVT
cases that were treated with warfarin anticoagulation.
Therefore, incidence of BPVT cannot be inferred from
this study. Furthermore, given the retrospective nature
of the study, we did not have standardised time intervals
for follow-up echocardiography after the implantation of
valves or after the initiation of warfarin. Hence, reported
duration in our study could be an overestimation of the
actual time to recovery. It is also important to emphasise
here that the time-to-BPVT in our study is the time-to-
formal BVPT diagnosis which is quite likely an overesti-
mation. Finally, given that patients were followed by their
local anticoagulation clinic, we did not have all the INR
data to calculate time in therapeutic range.

CONCLUSION

In conclusion, MGs seems to increase months before the
formal diagnosis of BPVT and both closer follow-up and
increased awareness could potentially avoid diagnostic
delays. Most patients need more than 3months antico-
agulation to achieve recovery. BPVT recovery tends to
be slower in the tricuspid position and with pericardial

SAVR.
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