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ABSTRACT
Introduction: While antithrombotic therapy following transcatheter valve implantation has been extensively studied in various clinical trials, there re-
mains a notable gap in evidence regarding the optimal approach following valve-in-valve (ViV), valve-in-ring (ViR) and valve-in-mitral annular calcification
(VIMAC) procedures, warranting further assessment. This gap is particularly concerning due to the apparent increased risk of thrombosis associated with
ViV interventions. The aim of this systematic review was to explore the potential benefits of anticoagulation in ViV, ViR, and VIMAC procedures.
Methods: We searched PubMed, Embase, and the Cochrane Central Register of Controlled Trials, as well as the grey literature, for observational and
interventional studies published until December 2023. Trials were included if a comparative analysis between the two antithrombotic strategies was
feasible and excluded if patients under 18 years old were analysed. The primary efficacy endpoints were incidence of clinical and total valve thrombosis
(VT), major bleeding was the sole safety primary endpoint. Additional analyses were performed regarding valves in the mitral position and valve type. The
risk of bias was evaluated using the Newcastle-Ottawa scale. Data was assessed using the Review Manager 5.4 software.
Results: A total of five observational and one case series were included (n = 614 on anticoagulation and n = 468 on antiplatelets), comprising a total of
1082 participants. Clinical VT rates were 4.2% for all procedures, and patients on anticoagulants were associated with a a lower risk of clinical VT (1.1%
vs 8.3%; OR: 0.18; 95% CI: 0.07 - 0.42, I*: 0%) and total VT (1.3% vs 8.5%; OR: 0.16; 95% CI: 0.07 - 0.37, 1% 0%). Regarding bleeding events, the exist-
ing literature did not provide adequate information to enable a thorough analysis.
Conclusion: Our study suggests a potential benefit of anticoagulation regimens to decrease the high rates of VT following valve-in-valve, valve-in-ring
and valve-in-mitral annular calcification procedures. However, the lack of randomized controlled trials and data on bleeding and mortality emphasises
the necessity for further research.
Keywords: Anticoagulants/administration & dosage; Bioprosthesis; Cardiac Catheterization; Heart Valve Prosthesis; Heart Valve Prosthesis Implanta-
tion; Thrombosis/prevention & control

RESUMO
Introdugao: Embora a terapéutica antitrombética apés a implantagdo de valvulas percutaneas tenha sido amplamente estudada em diversos ensaios
clinicos, persiste uma lacuna significativa quanto a abordagem ideal apés os procedimentos valve-in-valve (ViV), valve-in-ring (ViR) e valve-in-mitral
annular calcification (VIMAC). Essa lacuna é particularmente relevante devido ao aparente aumento do risco trombético associado aos procedimentos
ViV. O objectivo desta revisao sistematica foi explorar os potenciais beneficios da anticoagulagéo em procedimentos ViV, ViR e VIMAC
Métodos: Foi feita uma pesquisa na PubMed, Embase, Cochrane Central Register of Controlled Trials, bem como da literatura cinzenta, para estudos
observacionais e intervencionais publicados até dezembro de 2023. Foram incluidos estudos que realizaram uma analise comparativa entre uma es-
tratégia anticoagulante e uma estratégia antiagregante, sendo excluidos aqueles que incluiram doentes com menos de 18 anos. O outcome primario
de eficacia foi definido como a incidéncia de trombose valvular (TV) clinica e total. O outcome primario de seguranga foi hemorragia major. Foram
feitas analises adicionais relativamente a posigdo mitral e de acordo com o tipo de valvula utilizada. O risco de viés foi avaliado utilizando a escala de
Newcastle-Ottawa. Os dados foram analisados com o soffware Review Manager 5.4.
Resultados: Foram incluidos cinco estudos observacionais e uma case-series (n = 614 sob anticoagulagdo e n = 468 sob antiagregantes), num total
de 1082 participantes. A taxa de TV clinica foi de 4,2% para todos os procedimentos, e os doentes sob anticoagulacdo apresentaram uma reducéo
significativa da TV clinica (1,1% vs 8,3%; OR: 0,18; IC 95%: 0,07 - 0,42; I 0%) e da TV total (1,3% vs 8,5%; OR: 0,16; IC 95%: 0,07 - 0,37; I>: 0%). Em
relacdo aos eventos hemorragicos, os dados disponiveis na literatura ndo permitiram uma analise adequada.
Concluséao: O nosso estudo sugere um potencial beneficio potencial dos regimes anticoagulantes na reducéo das elevadas taxas de TV apds os proce-
dimentos valve-in-valve, valve-in-ring e valve-in-mitral annular calcification. No entanto, a auséncia de ensaios clinicos randomizados e de dados sobre
hemorragias e mortalidade reforga a necessidade de mais investigacéo.
Palavras-chave: Anticoagulantes/administragdo e dosagem; Bioprétese; Cateterismo Cardiaco; Implante de Prétese de Valvula Cardiaca; Trombose/
prevencdo e controlo
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» Anticoagulation was associated with significantly lower rates of clinical and total valve thrombosis after ViV, ViR, and
VIMAC procedures, suggesting potential clinical benefit in this population.

» The findings were robust in the sensitivity analyses and showed no evidence of publication bias.

» Data on post-discharge bleeding and mortality are lacking, hindering assessment of net clinical benefit.

* Randomized controlled trials are urgently needed to establish the optimal antithrombotic strategy in this high-risk

population.

INTRODUCTION

Annually, approximately 280 000 valve prostheses are
implanted worldwide."? The majority are biological prosthe-
ses, which are mostly selected as they do not require an-
tivitamin K anticoagulation, despite a shorter lifespan and
susceptibility to degenerative damage.>* The necessity of
reintervention is a known surgical risk factor for open-heart
surgery,”® which led to the emergence of valve-in-valve
(ViV) and valve-in-ring (ViR) procedures as alternatives for
this subset of patients. While ViV involves implanting a bio-
prosthetic valve within the existing surgical prosthesis, ben-
efiting from a defined and stable seating surface, ViR places
the transcatheter valve inside a previously implanted annu-
loplasty ring (a device used to reshape and reinforce the mi-
tral annulus), a procedure that is more technically challeng-
ing due to variability in ring design and rigidity and carries
a higher risk of complications such as residual regurgitation
and left ventricular outflow tract obstruction.These percuta-
neous procedures have shown better short- and mid-term
outcomes than redo surgical valve replacements.>’* Nev-
ertheless, the optimal antithrombotic management of these
patients is unclear.

Several large-scale randomised controlled trials have
evaluated antithrombotic therapies following transcath-
eter aortic valve implantation (TAVI), favouring antiplatelet
therapy over anticoagulation in patients without an indica-
tion for anticoagulation.’®' Current guidelines reflect these
findings.'? However, for ViV, ViR, and valve-in-mitral annular
calcification (VIMAC) procedures - the latter involving de-
ployment of a balloon-expandable valve directly into a se-
verely and variably calcified mitral annulus - the evidence re-
mains limited. This is particularly relevant because patients
undergoing aortic ViV appear to face a higher risk of clinical
leaflet thrombosis and structural valve deterioration (SVD)
than those undergoing conventional TAVI.I."*'* Moreover,
there is a notable accumulation of reports of valve throm-
bosis (VT) following ViV procedures,’"" leading not merely
to valve dysfunction and the need for reintervention, ' but
also posing a heightened risk of transient ischemic attacks
and stroke,'® sometimes resulting in death.''”

Against this background we performed a systematic
review and meta-analysis to further elucidate the potential
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role of anticoagulation in reducing the thrombotic risk as-
sociated with ViV, ViR, and VIMAC procedures.

METHODS
Protocol

This study was designed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement. The systematic review and
meta-analysis were registered in the PROSPERO database
(CRD42023443581). No amendments to the protocol were
deemed necessary.

Literature search

A systematic search was conducted in PubMed, Em-
base and the Cochrane Central Register of Controlled Tri-
als from their inception to December 2023 for observational
and interventional studies comparing individuals on antico-
agulants and those not on anticoagulants following ViV, ViR,
and VIMAC procedures. A similar search was conducted in
the grey literature. No publication date limits were imposed
on this latter search. The search was restricted by subject
type (human), but not by language. The details of study se-
lection are illustrated in Fig. 1.

Eligibility and exclusion criteria

We included observational studies comparing patients
on anticoagulants and those not on anticoagulants at dis-
charge, following ViV, ViR, and VIMAC procedures. Stud-
ies were excluded if no comparison between groups were
conducted or not possible with available data or if patients
under the age of 18 years were included.
Ethics committee approval was obtained in the context of
each study.

Primary and secondary outcomes

The study’s primary endpoints encompassed major
bleeding, as per the criteria defined by the Bleeding Aca-
demic Research Consortium (BARC)." Major bleeding was
defined as BARC 5, 3c, 3b or 3a. The other primary end-
point involved the assessment of clinical and total VT. Giv-
en the absence of a universally agreed-upon definition, the
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Studies included in review
(n=6)

Reports of included studies
(n=6)

Figure 1 — Flow diagram for the included studies

Records identified (n = 557):
Pubmed (n = 221) Records removed before screening:
Embase (n = 287) - > Duplicate records removed
Cochrane (n = 32) (n=151)
Grey literature (n = 17)
Records screened > Records excluded
(n =406) (n=312)
Records sought for retrieval > Reports not retrieved
(n=94) (n=0)

Records assessed for eligibility Reports excluded:
= —> Insufficient data
(n=94)
(n = 85)
Studies based on the same registry
(n=3)

Identification of studies via databases and registers

study relied on the individual definitions provided by each
participating study. In cases where only clinical history was
described, clinical VT was determined if any of the following
criteria were met: (1) manifestation of symptoms, (2) neces-
sity of reintervention due to significant valve dysfunction or
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(3) documentation of notable increases in valve gradients.
Cases of VT that did not meet any of these criteria, or situ-
ations where insufficient data was available, were catego-
rized as subclinical valve thrombosis.

Additionally, the study considered all-cause mortality as
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a secondary endpoint.

Secondary analysis regarding valve type was per-
formed. Namely, comparisons between porcine and peri-
cardial valves and porcine and other valve types were per-
formed. A separate analysis regarding only valves in the

mitral position was performed as well.

Results are presented as odds ratios (OR) with 95%

confidence intervals.

Data collection and management

For each study, the following data were independently
extracted: (i) general data (study design, year of publica-
tion), (ii) characteristics of trial participants [number, mean
age, sex, coronary artery disease (CAD), peripheral artery
disease, diabetes mellitus, hypertension, previous Ml and
previous stroke], (iii) type of valve, and (iv) number of pa-

tients with study outcomes in each treatment arm.

Risk of bias assessment

To explore the validity of eligible trials, the authors
independently determined the appropriate generation
of random allocation sequence, allocation concealment,
blinding of patients and personnel, blinding of outcomes
assessment, incomplete outcome data, selective reporting,
and other bias. Risk of bias was defined as ‘high’, ‘medium’
or ‘low’. We resolved disagreements by discussion. The risk
of bias was assessed by using the Newcastle-Ottawa scale.
The quality assessment for each study is presented in the
Risk of Bias Summary [Appendix 1 (Appendix 1: https://
www.actamedicaportuguesa.com/revista/index.php/amp/

article/view/22905/15700)].

To assess the robustness of the results, sensitivity anal-
yses were conducted by excluding studies with a high risk
of bias, applying alternative analytical models, and using
different effect size measures. Egger’s test was also per-

formed to improve the analysis.

Table 1 — Baseline characteristics of the patients in each included study

Statistical analysis

The statistical analysis was performed from Janu-
ary 25", 2024, to February 12", 2024, using the Mantel-
Haenszel procedure in a random-effects model to calculate
pooled OR with dichotomous non-adjusted data. Due to po-
tential heterogeneity related to procedural aspects, the type
of valve implanted, and the characteristics of the previously
degenerated valve, a random-effects model was selected.
The relatively small number of studies included in each
analysis also contributed to the choice of this model. Study
heterogeneity was evaluated by funnel plots. The mean ef-
fect was considered significant if its 95% confidence interval
(Cl) did not include one. Heterogeneity was assessed using
the I? statistic and assumed to be relevant if it exceeded
50%.

RESULTS
Search results

A comprehensive search initially yielded a total of 557
articles for consideration. After eliminating duplicates, we
were left with 406 publications for further evaluation, in-
volving scrutiny of titles, abstracts, study types, and study
populations. After screening, we identified six observational
studies and one case series comparing antithrombotic strat-
egies in ViV, ViR, and VIMAC patients. Upon closer exami-
nation, we identified two studies as updates of previously
included research. In one instance, the updated version
lacked discrimination between clinical and subclinical VT,
limiting its inclusion to the analysis of clinical VT, for which
only data from the initial publication was considered. In the
other case, only the updated paper was included, resulting
in a total of five observational studies and one case series
included, involving 1082 patients.

It is noteworthy that, unfortunately, no published ran-
domized controlled trials on this topic were available.

Detailed study characteristics are summarized in Table
1, while Fig. 1 represents study selection.

Stud Patients Antlc;?srnlsated Age? Male PAD Diabetes HTN Previous Ml P:;’;ﬁ:s STS score
y (n) P (years) (%) (%) (%) (%) (%) 0 (%)
(%) (%)
Eng 2021%° 88 83* 76 43 12.0 26.0 NR 18.0 21.0 8.2
Yoon 2019* 521 72% 73 46 11.3 23.8 70.6 15.7 15.7 9.0
McElhinney 2019%° 306 53f 40 NR NR NR NR NR NR NR
Abdel-Wahab 2018°" 300 33* 80 59 24.4 25.8 NR NR 18.8 7.8
Eng 2017 13 77 75 38 15.0 38.0 NR 36.0 15.0 10.9
Whisenant 2015 11 27 NR NR NR NR NR NR NR NR

HTN: hypertension; MI: myocardial infarction; n: number; NR: not reported; PAD: peripheral artery disease; STS: Society of Thoracic Surgeons

a: Age is reported as mean for Eng®' and Yoon,* and as median for the remaining studies.
+: A total of seven patients died before discharge and were excluded from our analysis
# Atotal of 110 patients were excluded as antithrombotic strategy was unknown.

T: Atotal of 19 patients were excluded (9 because no therapy was initiated and 10 for lack of data available)
*: Atotal of eight patients were excluded (four because antithrombotic strategy was unknown and four as data regarding them was not provided).
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Primary outcomes

In the pooled analysis, the incidence of clinical VT was
4.2% for all procedures (ViV, ViR, VIMAC) with significant
differences between both groups. In fact, anticoagulation
was associated with a lower risk of thrombosis in both clini-
cal VT (1.1% vs 8.3%; OR: 0.18; 95% CI: 0.07 - 0.42; I1>=
0%; p =0.0001) and total VT (1.3% vs 8.5%; OR: 0.16; 95%
Cl: 0.07 - 0.37; 1= 0%; p < 0.0001).

This effect was accentuated when only considering ViV
and ViR procedures, with clinical VT rates reaching 5.8%
and slightly more pronounced differences between both
groups (1.1% vs 9.4%; OR: 0.15; 95% CI: 0.05 - 0.46; I1>=
0%; p = 0.0009).

Unfortunately, no analysis regarding post-discharge
bleeding complications was feasible since each study re-
ported only procedure-related bleeding or total bleeding,
encompassing procedure-related events.

Forest plots of each analysis are represented in Figs.
2 and 3 and heterogeneity funnel plots are available in
Appendix2 (Appendix2: https://www.actamedicaportuguesa.
com/revista/index.php/amp/article/view/22905/15701).

To ensure the robustness of the findings, a sensitivity
analysis was performed. No significant differences were ob-
served when excluding studies with a higher risk of bias, nor
when applying alternative analytical models or effect size
measures. Egger’s test was conducted for each analysis,
with no statistically significant evidence of small-study ef-
fects or publication bias detected for clinical VT (p = 0.81),
total VT (p = 0.52), and for ViV and ViR (p = 0.99).

The certainty of the evidence was assessed using the
GRADE approach. All included studies were observational,
which implies a starting rating of low certainty. However, the
consistency of results (1> = 0%), the magnitude and statisti-
cal significance of the effect (OR 0.18; 95% CI: 0.07 - 0.42;
OR: 0.16; 95% CI: 0.07 - 0.37), and the precision of esti-
mates support an upgrade in confidence. Risk of bias was
deemed serious due to the lack of adequate control for con-
founding in several studies, with Newcastle-Ottawa scores
ranging from 5 to 7. Therefore, the overall certainty of the
evidence was rated as moderate for the outcome of clinical
valve thrombosis.

Secondary analysis

An additional analysis focused on mitral valves was per-
formed. In this subset of patients, even though clinical VT
rates only reached 2.8%, 71% of patients were on anticoag-
ulants. Nonetheless, anticoagulation was also associated
with a lower risk of VT (7.1% vs 1%; OR: 0.19; Cl 95% CI:
0.06 -0.66, 1?: 0%) (Fig. 4).

Regarding valve type, our analysis found a non-signif-
icant association between previously implanted porcine
valves and an increased risk of valve thrombosis in com-
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parison to pericardial valves (OR: 1.72; CI: 0.66 - 4.48, Cl
95%, 12: 0%) or to any other valve type (OR: 1.56; Cl: 0.67
- 3.64, C1 95%, 12: 0%). Forest plots are available in Appen-
dix 2 (Appendix 2: https://www.actamedicaportuguesa.com/
revista/index.php/amp/article/view/22905/15701).

Regrettably, the available published data did not provide
sufficient information to conduct analyses related to all-
cause mortality or cardiovascular mortality.

DISCUSSION

Given the potential complications related to VT follow-
ing TVI, extensive research on antithrombotic strategies for
its prevention has been conducted, ultimately culminating
in the development of randomized controlled trials (RCT).
Specifically, two major RCTs compared an anticoagulant
regimen with an antiplatelet regimen in TAVI patients: the
ATLANTIS trial (apixaban versus single or dual antiplatelet
strategy)'® and the GALILEO trial (rivaroxaban and aspirin
versus clopidogrel and aspirin)." In the GALILEO trial, pa-
tients on rivaroxaban faced, not only a higher risk of bleed-
ing, but also a heightened risk of death or thromboembolic
complications compared to those on an antiplatelet-based
strategy. In an ATLANTIS substudy focused on VT,? pa-
tients receiving apixaban experienced an increase in non-
cardiovascular deaths. Neither trial observed discernible
clinical benefit in the anticoagulation arms.

Based on this randomized controlled data, upon the re-
lease of the European Society of Cardiology (ESC) guide-
lines on valvular disease, recommendations for lifelong
single antiplatelet therapy (SAPT) after TAVI and against
anticoagulation in patients without other indication for its
use, were published. As for transcatheter mitral valve im-
plantation (TVMI), three months of VKA is suggested, but
no formal recommendation was possible due to lack of data.
Moreover, no specific recommendations were made for ViV,
ViR or VIMAC procedures®' as no substantial comparative
data on the ideal antithrombotic treatment after discharge is
available, creating a substantial evidence gap in this field.

In fact, the issue of VT following these procedures is of
paramount importance given the apparent increased risk of
thrombosis'® and remarkably high VT rates in comparison to
TAVI patients, as demonstrated in a previous observational
study (11.6% vs 2.2%).%

Despite persistent research efforts, the exact factors
contributing to this heightened risk remain elusive.?*?
Nevertheless, some researchers have offered insightful
perspectives on possible contributing factors. It has been
suggested that the geometric constraints resulting from
the encirclement of the valve’s stent by a degenerated bio-
prosthesis may increase blood stagnation on the leaflets,
potentially contributing to thrombosis.?* Additionally, factors
such as proximal valve implantation, under-expansion, and
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device asymmetry have also been identified as possible con-
tributors.*

Moreover, the potential severe complications of VT should
not be undervalued.>""

The influence of valve type on VT risk

There is no robust evidence on the relationship between
valve type and VT in surgical cohorts, possibly due to the low
incidence of events. In fact, in a large retrospective analysis of
more than 4500 patients with surgically implanted bioprosthet-
ic valves, early VT rates requiring reoperation in less than two
years following implantation only reached 1.3%; however, ev-
ery case occurred in porcine valves.?”” Whether porcine valves
have increased thrombotic risk and, if so, the exact mecha-
nisms for this risk remain to be explored.

Similar questions regarding the potential influence of valve
type on VT risk arise in ViV patients. In fact, our study found
that patients with previously implanted porcine stented valves
tended to have higher VT rates compared to those with other
valve types. However, this difference did not reach statistical
significance. Notably, two additional studies were not included
in our analysis due to insufficient data; nevertheless, these
studies seem to align with that tendency. In one instance, five
cases of ViV VT were reported, all of them in patients with por-
cine valves (Mosaic or Hancock I1),?> and in the other instance,
ten cases of ViV VT were observed, with nine occurring in pa-
tients with previously implanted stented porcine valves.?

Further research to support or refute this tendency is need-
ed.

Bleeding risk and death

Data regarding bleeding and death is severely lacking in
this population. No published study reports such a comparison
between anticoagulated and non-anticoagulated patients. This
gap makes a net clinical gain analysis impossible, which would
significantly increase the strength of our findings. Data regard-
ing these two endpoints needs to be addressed by future re-
search as it plays a pivotal role in the decision for the optimal
antithrombotic strategy.

Exploring the role of anticoagulation after VIV, VIR and VI-
MAC procedures

Much like the historical debate surrounding antithrombotic
treatment after TAVI, there is a contentious discourse concern-
ing the role of anticoagulation following ViV, ViR and VIMAC.
The challenge lies in evaluating the potential benefits of reduc-
ing thrombotic events in comparison to the associated risk of
bleeding — a balance that has traditionally been unfavourable
for TAVI patients.'®" However, for ViV patients, no such con-
clusion is possible.

Quantifying the bleeding risk remains unfeasible, given
the absence of data. However, considering the significantly

534 www.actamedicaportuguesa.com



increased thrombotic risk, the potential benefits of anticoagula-
tion appear to be greater, especially given the remarkable effi-
cacy of anticoagulation in decreasing clinical VT cases, which
could yield substantial benefits for this population.

If the potential benefits outweigh the associated risks is still
questionable and further studies are needed to address these
unanswered questions.

Future approach: the BASILICA procedure

The BASILICA procedure is a technique designed to lacerate
aortic valve leaflets, whether native or bioprosthetic, to prevent
coronary artery occlusion in high-risk TAVI patients.?® While ini-
tially developed for this specific high-risk situation, this procedure
may assume a pivotal role in managing high-thrombotic risk pa-
tients, considering recent publications on the hemodynamic ben-
efits of the procedure. Using computational simulations for two
types of bioprosthetic transcatheter valves (SAPIEN 3 and Evo-
lut Pro), BASILICA significantly decreased high-risk thrombotic
areas, with laceration of two leaflets as the superior technique
when compared to the laceration of one or three leaflets. This
two-leaflet approach led to a significant reduction in thrombotic
risk areas, decreasing from 27.06% to 15.42% with the SAPIEN
valve and experiencing a remarkable decline from 22.31% to a
0.57% with the Evolut device.*

While real-world data on the BASILICA procedure remains
scarce, despite its increasing popularity, these findings suggest
the potential utility of this procedure in managing high-thrombotic
risk patients.

Limitations

We identified several limitations in this study. Firstly, the ab-
sence of data comparing mortality and bleeding events between
anticoagulated and non-anticoagulated groups hinders our ability
to perform a comprehensive net clinical benefit analysis, which
could have significantly enriched the depth of our research. Fur-
thermore, the lack of randomized controlled trials within the se-
lected studies decreases the robustness of our findings.

Moreover, due to the limited available body of evidence, no
analysis divided by procedure (ViV, ViR, and VIMAC) or by valve
position (aortic, mitral or tricuspid) was possible.

Additionally, the analysis conducted on the different valve
types was constrained by the inclusion of only two studies. Ex-
panding this aspect with more publications would undoubtedly
strengthen the overall analysis.

As the field continues to evolve, we anticipate that future re-
search will contribute with more evidence, potentially mitigating
these limitations and allowing for a more comprehensive under-
standing of anticoagulation strategies in ViV, ViR, and VIMAC
procedures.

CONCLUSION
While our understanding of anticoagulation in post-discharge
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ViV, ViR, and ViIMAC patients remains a work in progress,
the thrombotic risk in these patients is higher and might
benefit from a different antithrombotic strategy. Whether
there is a significant benefit for any patients, or specifically
for those at low bleeding risk and/or high thrombotic risk,
remains to be explored.

Our work highlights the urgent need for further research
to bridge the knowledge gaps in this area.
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