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Abstract

Background We aimed to summarise the existing knowledge regarding antithrombotic medications following surgi-
cal aortic valve replacement (SAVR) using a biological valve prosthesis.

Methods We performed a meta-analysis of studies that reported the results of using antithrombotic medication

to prevent thromboembolic events after SAVR using a biological aortic valve prosthesis and recorded the outcomes
12 months after surgery. Since no randomised controlled trials were identified, observational studies were included.
The analyses were conducted separately for periods of 0—12 months and 3-12 months after surgery. A random effects
model was used to calculate pooled outcome event rates and 95% confidence intervals (Cls).

Results The search yielded eight eligible observational studies covering 6727 patients overall. The lowest 0-

to 12-month mortality was observed in patients with anticoagulation (2.0%, 95% Cl 0.4-9.7%) and anticoagulation
combined with antiplatelet therapy (2.2%, 95% Cl 0.9-5.5%), and the highest was in patients without antithrombotic
medication (7.3%, 95% Cl 3.6—-14.2%). Three months after surgery, mortality was lower in anticoagulant patients (0.5%,
95% C1 0.1-2.6%) than in antiplatelet patients (3.0%, 95% Cl 1.2-7.4%) and those without antithrombotics (3.5%, 95%
Cl 1.3-9.3%). There was no eligible evidence of differences in stroke rates observed among medication strategies. At
0- to 12-month follow-up, all antithrombotic treatment regimens resulted in an increased bleeding rate (antiplatelet
4.2%, 95% Cl 2.9-6.1%; anticoagulation 7.5%, 95% Cl 3.8-14.4%,; anticoagulation combined with antiplatelet therapy
8.3%, 95% Cl 5.7-11.8%) compared to no antithrombotic medication (1.1%, 95% Cl 0.4-3.4%). At 3- to 12-month
follow-up, there was up to an eight-fold increase in the bleeding rate in patients with anticoagulation combined
with antiplatelet therapy when compared to those with no antithrombotic medication. Overall, the evidence cer-
tainty was ranked as very low.

Conclusion Although this meta-analysis reveals that anticoagulation therapy has a beneficial tendency in terms

of mortality at 1 year after biological SAVR and suggests potential advantages in continuing anticoagulation beyond 3
months, it is limited by very low evidence certainty. The imperative for cautious interpretation and the urgent need
for more robust randomised research underscore the complexity of determining optimal antithrombotic strategies

in this patient population.
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Introduction

The prevention of stroke and thrombosis following
aortic valve bioprosthetic implantation is a critical
aspect of patient care that necessitates a careful bal-
ance of anticoagulants and antiplatelet agents. While
lifelong warfarin therapy is recommended for mechani-
cal valves, the approach for bioprosthetic valves is
nuanced. The months following initial surgery carry an
elevated risk of blood clot formation due to surgery-
induced inflammation and tissue healing [1-5]. During
this period, the body’s own endothelial cells gradually
adhere to the bioprosthetic valve’s surface, offering pro-
tection against blood clot formation [6, 7].

Both the American Heart Association (AHA) and the
European Society of Cardiology (ESC) currently rec-
ommend a 3-month course of warfarin post-biopros-
thetic implantation [8, 9]. Intriguingly, previous studies
have suggested the potential efficacy of aspirin (ASA)
or even treatment completely without antithrombotic
medications as comparable alternatives to warfarin in
the initial 3 months for emboli and stroke prevention
[10, 11]. However, there remains a scarcity of research
beyond this initial period, leaving uncertainties regard-
ing optimal anticoagulation and antiplatelet strategies.

The divergent recommendations between AHA and
ESC complicate the decision-making process. While
AHA advocates the continued use of ASA, ESC, in its
latest guidelines, has retracted its prior endorsement of
ASA as a permanent solution after aortic bioprosthetic
implantation [8, 9]. This discrepancy underscores the
complexity of therapeutic decisions, especially con-
sidering the intersection of valve disease management
with coexisting conditions, such as atrial fibrillation,
warranting anticoagulation, or cardio- and cerebro-
vascular diseases, where antiplatelet therapy may be
preferable.

Considering these complexities, our aim is to provide
a comprehensive summary of the existing knowledge
regarding antithrombotic medications after the initial
3 months following surgical aortic valve replacement
(SAVR) using a biological valve prosthesis. We hypoth-
esise that a more extensive antithrombotic medication
regimen would be related to lower mortality and stroke
rates at the cost of higher bleeding rates.

Methods

This meta-analysis was conducted according to the
guidelines in the Cochrane Handbook and reported
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
and the Meta-analysis of Observational Studies in Epide-
miology (MOOSE) checklist [12-14].
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Search and screening process

The search for this systematic review was performed on
19 January 2024. PubMed, Scopus and Web of Science
databases were searched from their inception. The search
strategy was as follows: ‘biological AND “aortic valve”
AND (replacement OR implantation) AND (antithrom-
botic OR antiplatelet OR anticoagulation). We did not
use any filters. Abstract and full-report screening were
performed independently by two authors (MU and IK).
Covidence software was used in the screening process.
We did not search grey literature. We searched the ref-
erence lists of the included studies by hand to find any
missed relevant studies for inclusion.

Inclusion and exclusion criteria

In the initial screening, we included randomised con-
trolled trials (RCTs) that compared medical treatment
regimens to prevent thromboembolic events after SAVR
using biological aortic valve prosthesis and reported out-
comes 12 months after surgery. In the original protocol,
we stated that if there were no eligible RCTs, we would
include observational studies (both prospective and ret-
rospective cohort and case-control studies). Studies that
did not report original data were excluded. Studies were
not excluded based on language restrictions. Transcath-
eter aortic valve implantation (TAVI) procedures were
excluded. Concomitant coronary artery bypass grafting
surgery was not regarded as a criterion for exclusion.
Paediatric patients, pregnant patients and patients with
renal insufficiency requiring dialysis were excluded.

Patients

Patients were required to have undergone SAVR using a
biological aortic valve prosthesis. Both chronic and acute
phase surgery patients were included. SAVR was defined
as a procedure in which the diseased native aortic valve is
removed and replaced by a biological valve prosthesis in
an open-heart surgery operation.

Intervention

We included all medical treatment regimens targeted
against thromboembolic events, including agents affect-
ing blood coagulation and thrombus formation. After
the screening, we classified medication strategies into
the following groups: 1) antiplatelets, including aspirin
and P2Y,, inhibitors (clopidogrel, ticagrelor); 2) anti-
coagulation (vitamin K antagonists, such as warfarin;
direct factor Xa inhibitors, such as rivaroxaban, apixaban
and edoxaban); 3) a combination of anticoagulation and
antiplatelet agents; 4) 3-month anticoagulation postop-
eratively and antiplatelet thereafter; and 5) no medication
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against thromboembolic events. In all medication strat-
egies, the treatment was initiated immediately after sur-
gery and continued for at least 1 year postoperatively.

Outcomes

Our main outcome was mortality. The follow-up time
was set at 12 months. Secondary outcomes were strokes
(haemorrhagic and ischemic, combined) and bleeding
complications during the 12-month follow-up period.
We used the definitions used by the original studies for
all outcomes.

Data extraction

One author extracted the data and another author vali-
dated the extracted data to reduce possible errors. The
following information was extracted from each study:
authors, inclusion and exclusion criteria, study period,
country, intervention definition, control definition, out-
come definitions, number of included patients, number
of events and main outcome measures.

Evidence certainty

Evidence certainty was assessed according to the Grad-
ing of Recommendations Assessment, Development
and Evaluation (GRADE) framework [15]. Evidence cer-
tainty was ranked from very low to high. Within-study
bias was assessed according to the Risk of Bias in Non-
randomized Studies — of Interventions (ROBINS-I, 2016)
assessment tool [16, 17]. Two authors (MU and IK) inde-
pendently conducted the ROBINS-I assessments, and
disagreements were resolved by reaching a mutual con-
sensus. The risk of bias figure was created using the Rob-
vis shiny app [18].

Statistical methods

Statistical analysis was performed using R statistical soft-
ware (version 4.3.1; R Core Team, 2023; R Foundation for
Statistical Computing, Vienna, Austria). A meta-analysis
using a random intercept logistic regression model was
conducted, and pooled outcome event rates and 95%
confidence intervals (Cls) were calculated. The random
effects model was used due to the expected high hetero-
geneity among the studies. Statistical heterogeneity was
assessed by calculating I? values. Inverse variance with
logit transformation was used as a meta-analysis method.
Odds ratios (ORs) and 95% ClIs for outcome events
between different medication regimens were calculated.
The pooled outcome event rates were calculated using
the ‘metaprop’ function from the ‘meta’ package ver-
sion 5.1 — 1. Furthermore, to focus on outcome events 3
months after surgery, analysis was performed from stud-
ies reporting event rates for both 3 months and 1 year.
The event rate for the time period from 3 months to 1
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year was calculated by subtracting the 3-month event
rate from the 1-year event rate. Publication bias was ana-
lysed by drawing funnel plots.

Protocol registration

This review has been registered with PROSPERO (ID:
CRD42024503612) and can be accessed via https://www.
crd.york.ac.uk/prospero/display_record.php?RecordID=
503612.

Results

Search results

The literature search retrieved 572 abstracts. Since no
eligible RCTs were identified in the initial search, the
screening was expanded to cover suitable observational
studies. After abstract screening, 49 full texts were
assessed for eligibility, and eight observational studies
were included (Fig. 1) [10, 19-25].

Study and patient characteristics

Five of the studies were conducted in Europe (two in
Germany and one each in Denmark, France and Swit-
zerland) and three in North America (two in Can-
ada and one in the USA) (Table 1). The study periods
expanded through a 35-year time span from 1982 to
2017. The number of patients in the medication groups
varied from 548 to 2384, resulting in a total of 6727
patients. The mean ages were between 55 and 77 years,
and the proportion of female patients was 17-59%.
Three of the studies also included patients with a his-
tory of atrial fibrillation, with the proportion of these
patients being 5-43%. In these studies, the outcome
event rates did not show a prominent increase when
compared to the other studies. Five studies reported the
rate of concomitant coronary artery bypass grafting sur-
gery, and the rate varied from 0% to 36%.

Risk of bias

The overall risk of bias was low in one, moderate in two,
and serious in five of the included studies (Supplemen-
tary). Most issues were due to confounding factors and
possible unrecognised deviations from the intended
interventions.

Mortality

Overall mortality during the first year after surgery was
assessed in all the included studies (N = 6727 patients).
Overall pooled mortality was 4.3% (95% CI 2.7-6.8%;
Fig. 2). The lowest mortality rate was observed in
patients with anticoagulation (2.0%, 95% CI 0.4-9.7%)
and anticoagulation combined with antiplatelet ther-
apy (2.2%, 95% CI 0.9-5.5%), and the highest was in
patients without antithrombotic medication (7.3%, 95%
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Studies from databases/registers (n = 572)
PubMed (n =294) References from other sources (n = 0)

Scopus (n = 188) Hand searching of reference lists (n = 0)
Web of Science (n = 90)

Duplicate references removed (n = 175)

\

Studies screened (n = 397) —i Studies excluded (n = 340)

Studies sought for retrieval (n = 57) = Studies not retrieved (n = 8)

Studies assessed for eligibility (n = 49) T studies excluded (n = 41)
Antithrombotic treatment

inadequately described (n = 26)

Wrong patient population (n = 10)
Wrong outcomes (n = 3)
Wrong study design (n = 1)
Duplicate patients (n = 1)

Studies included in the review (n = 8)

Fig. 1 PRISMA flow chart for study screening

CI 3.6-14.2%). Statistical heterogeneity, as shown by I*  to the funnel plot, there was a suspicion of publication
values, was high, except in patients with 3-month anti-  bias, although the bias was balanced (Supplementary).
coagulation followed by antiplatelet therapy. According The odds ratios for mortality did not show unequivocal
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evidence for the superiority of antithrombotic medi-
cations compared to no medications (Table 2). In the
assessment of mortality from 3 months after surgery,
the mortality was lower in the anticoagulant patients
(0.5%, 95% CI 0.1-2.6%) than in antiplatelet patients
(3.0%, 95% CI 1.2-7.4%) and those without antithrom-
botics (3.5%, 95% CI 1.3-9.3%; Fig. 3). However, the
ORs of anticoagulation for mortality compared to the
no medication group suggested only a trend towards a
mortality benefit of anticoagulation. Evidence certainty
was ranked as very low due to heterogeneity, risk of
bias, imprecision and the low number of included stud-
ies per medication strategy.

Stroke

The stroke rate at 1 year after surgery was assessed in three
studies (N = 1455 patients). The overall pooled stroke rate
was 3.1% (95% CI 2.3—6.5%). During the 3-12 months
after surgery, the stroke rate was 1.3% (95% CI 0.8-2.1%),
with only 15 observed strokes across the studies. The fun-
nel plots did not suggest the existence of publication bias,
and heterogeneity was low. However, CIs were wide, and
therefore, eligible evidence of differences was not observed
between the antithrombotic treatment strategies at either
0- to 12-month or 3- to 12-month follow-up. Evidence
certainty was ranked as very low due to risk of bias, impre-
cision and the low number of included studies per medica-
tion strategy.

Bleeding

Bleeding rate was assessed in two of the included stud-
ies (N = 1399 patients). The overall pooled bleeding rate
was 3.9% (95% CI 2.1-7.2%). There was, at most, a slight
risk of publication bias, according to the funnel plots.
At 0- to 12-month follow-up, all antithrombotic treat-
ment regimens resulted in an increased bleeding rate
compared to antithrombotic medication, with the high-
est bleeding rate identified in anticoagulation combined
with antiplatelet patients. At 3- to 12-month follow-up,
the findings were not as equivocal. The point estimates
of antiplatelet and anticoagulation patients indicated
an increased bleeding rate when compared to patients
without medication, but the extremely wide CIs of ORs
overlapped, indicating only a trending level difference
between these groups. In patients with anticoagulation
combined with antiplatelet therapy, there was up to an
eight-fold increase in the bleeding rate when compared
to patients with no antithrombotics, and this was also
shown in the odds ratio (7.76, 95% CI 1.42-42.4). Evi-
dence certainty was ranked as very low due to risk of
bias, imprecision and the low number of included stud-
ies per medication strategy.
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Discussion

In the current meta-analysis, patients on anticoagulation
and on anticoagulation combined with antiplatelet therapy
showed the lowest mortality rates, while those without
antithrombotic medication faced the highest mortality.
However, the odds ratios for mortality did not decisively
favour any antithrombotic regimen over no medication.
After the initial 3 months, anticoagulation suggested a
trending level potential mortality benefit compared to anti-
platelet use and no medication. However, wide Cls and over-
lap with the no-medication group imply a tentative rather
than conclusive mortality advantage for anticoagulation.

The anticoagulation group consisted mainly of patients
with warfarin (99.6%). In this group, mortality was low-
est during the 3- to 12-month period. Unexpectedly,
the evidence of differences in stroke rates between the
groups was uncertain, and the early bleeding rate was
substantially higher in the anticoagulation group than in
patients without antithrombotic medication. This sug-
gests that although the rates of serious complications
related to blood clotting and antithrombotic medication
were not lower in patients with anticoagulation, antico-
agulation may have a direct beneficial effect on mortal-
ity in relation to other medication regimens. It has been
reported that the most common causes of death during
the first year after SAVR are endocarditis, sepsis, heart
failure and sudden cardiac death [26—28]. Furthermore,
it has been reported that even up to one-quarter of SAVR
patients will have myocardial microinfarctions dur-
ing the 6 months following surgery and that the risk for
infarct seems even higher in patients without preopera-
tive coronary artery disease [29]. The resulting subclini-
cal myocardial injury has been shown to increase the
risk of sudden cardiac death [30]. It has been proposed
that microinfarctions may be caused by microemboli
dislodged from the valve prosthesis [31]. The findings
of this meta-analysis encourage further investigation of
these hypotheses. In addition, data on the outcomes of
direct factor Xa inhibitors as an anticoagulative agent are
needed, since among patients with bioprosthetic mitral
valve, the outcomes have been shown to be non-inferior
to warfarin [32].

In contrast, the outcomes in the antiplatelet group,
consisting mainly of patients using ASA (97.7%), were
unexpectedly unfavourable, as no evident benefit on
mortality or stroke rate was observed, even when com-
pared to patients without antithrombotic medication.
However, the early bleeding rate seemed to be even
higher. This is, at least to some extent, contradictory
to prospective studies reporting equal outcomes with
ASA and warfarin at 3—6 months after SAVR [33-35].
In this meta-analysis, 53% of deaths during the first
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A

Observed
Intervention deaths
No medication 11
Heterogeneity: I? = 88%, p <0.01
Antiplatelet 89
Heterogeneity: 17 = 93%, p <0.01
Anticoagulation 22
Heterogeneity 1= 96%, p < 0.01
Anticoagulation + antiplatelet 25
Heterogeneity 1% = 84%, p <0.01
3-month anticoagulation followed by antiplatelet 19
Heterogeneity: 1>=0%, p=0.96
Overall 266
B
Observed
Intervention strokes
No medication 5
Heterogeneity: /> = 0%, p = 0.54
Antiplatelet 20
Heterogeneity 1>=0%, p =0.52
Anticoagulation 4
Heterogeneity: not applicable
Anticoagulation + antiplatelet 13
Heterogeneity 1% = 0%, p =0.55
3-month anticoagulation followed by antiplatelet
Heterogeneity: not applicable
Overall 42
Observed
Intervention bleeding events Patients
No medication 3
Heterogeneity 1% = 0%, p =049
Antiplatelet 27
Heterogeneity: 1% = 58%, p =012
Anticoagulation 8
Heterogeneity: not applicable
Anticoagulation + antiplatelet 27

Heterogeneity: not applicable
3-month anticoagulation followed by antiplatelet
Heterogeneity: not applicable

Overall 65
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Pooled 1y mortality

Patients [95%CI]
991 +—— 0.073 [0.036; 0.142]
1534 B 0.059 [0.030; 0.114]
2384 —— 0.020 [0.004; 0.097]
1270 B 0.022 [0.009; 0.055]
548 - 0.035 [0.022; 0.054]
6727 I .l-— : I 0.043 [0.027; 0.068]
0 0.05 0.1 0.15
Pooled 1y stroke
Patients rate [95%Cl]
991 0.018 [0.007; 0.042]
1534 i 0.030 [0.020; 0.046]
2384 0 0.038 [0.014; 0.096]
1270 R 0.039 [0.023; 0.065]
548
6727 = 0.031 [0.023; 0.042]

r T T T T 1
0 0.02 0.04 0.06 0.08 0.1

Pooled 1y year bleedin:
rate [95%CI]

991 n— 0.011 [0.004; 0.034]

1534 0.042 [0.029; 0.061]

2384 0.075 [0.038; 0.144]

1270 —— 0.083 [0.057; 0.118]

548

6727 | 1 : | 0.039 [0.021; 0.072]
0 0.05 0.1 0.15

Fig. 2 Pooled outcome event rates by antithrombotic treatment groups during 0-12 months after surgery. (A) mortality, (B) strokes, (C) bleeding

events. Cl = confidence interval

year after SAVR in the antiplatelet group occurred
after the first 3 months, whereas in the anticoagula-
tion group, the respective proportion was 27%, suggest-
ing that after the early postoperative period, mortality
remains higher without proper anticoagulation. These
findings suggest that ASA as monotherapy may not be
an advisable antithrombotic treatment strategy after
SAVR using a biological prosthesis.

With regard to stroke rates, wide ClIs precluded the
observation of eligible evidence for differences between

antithrombotic treatment strategies at 0-12 and 3-12
months after surgery. Surprisingly, the point estimate
of the stroke rate was lowest in the no antithrombotic
medication group, which may be seen as controversial
in light of the intended effect of antithrombotic medi-
cations in preventing prosthesis valve thrombosis for-
mation and thereby preventing stroke. The stroke rate
in patients with no antithrombotic medication was
derived from the results of a single study by Gryaznov
et al. (2020), in which there was a 43% rate of atrial
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Table 2 Odds ratios for outcome events of each antithrombotic medication, with patients without antithrombotic treatment set as a

reference
Mortality Stroke Bleeding
OR (95% Cl) OR (95% Cl) OR (95% Cl)
0-12 months
Antiplatelet 0.85 (0.27-2.66) 1.71 (0.64-4.60) 3.90(1.17-13.0)
Anticoagulation 0.27 (0.06-1.18) 2.16 (0.57-8.21) 7.21(1.87-27.7)
Anticoagulation + antiplatelet 0.30 (0.07-1.25) 2.22(0.78-6.26) 7.97 (2.39-26.6)
3-month anticoagulation followed by antiplatelet 048 (0.11-2.15) NA? NA?
3-12 months
Antiplatelet 1.00 (0.23-4.32) 4.55(0.58-35.6) 4.61(0.86-24.7)
Anticoagulation 0.16 (0.02-1.01) 5.60 (0.50-62.4) 3.59(043-30.2)
Anticoagulation + antiplatelet 0.46 (0.08-2.52) 2.96 (0.32-27.5) 7.76 (1.42-42.4)
3-month anticoagulation followed by antiplatelet 044 (0.05-3.94) NA? NA?

2 Stroke or bleeding rates were not reported for patients with 3-month anticoagulation followed by antiplatelet

fibrillation history prior to surgery and thereby an indi-
cation for anticoagulation even before surgery [19]. The
low stroke rate in patients without antithrombotic medi-
cation may reflect a lower risk of haemorrhagic stroke
[36, 37]. When comparing the haemorrhagic stroke rates,
which were reported by Gryaznov et al. (2020) sepa-
rately from ischemic strokes, no significant differences
were observed between the treatment groups, with a rate
of less than 1% in all treatment groups [19]. Thus, there
might have been other underlying comorbidities predis-
posing to stroke rather than the effect of antithrombotic
medication falling short of expectations.

At 0- to 12-month follow-up, higher bleeding rates
were observed in all antithrombotic regimens compared
to those without medication, peaking in anticoagulation
combined with antiplatelet therapy. At 3- to 12-month
follow-up, the findings were less definitive, with trends
of increased bleeding in the antiplatelet and anticoagula-
tion groups, but the wide ClIs suggested only a potential
difference. However, patients on anticoagulation com-
bined with antiplatelet therapy exhibited up to an eight-
fold increase in bleeding rates compared to those without
antithrombotics.

Overall, the evidence certainty was very low, which
can be attributed to methodological factors and retro-
spective data. Along with uncontrolled confounding
and implicit multidimensionality behind thromboem-
bolic events after biological SAVR, the results of indi-
vidual studies held a considerable risk of bias. These
factors inevitably affected the results and their interpre-
tation in this meta-analysis. With these considerations
in mind, the future implications of this meta-analysis
include the following. First, anticoagulation therapy
using warfarin showed a tendency towards a benefit
in mortality at 1 year after surgery when compared to

antiplatelet therapy or no antithrombotic medication
patients. Second, anticoagulation combined with anti-
platelet therapy, antiplatelet therapy with ASA alone
and no antithrombotic medication resulted in inferior
overall outcomes. Therefore, according to this meta-
analysis of observational studies, these antithrombotic
medication strategies may not be advisable after SAVR
using a biological prosthesis. Third, there seemed to
be a higher rate of bleeding events among anticoagu-
lant patients than among antiplatelet patients and no
antithrombotic medication patients during the 0- to
12-month follow-up, but at the 3- to 12-month fol-
low-up, the difference was not as clear. This suggests
a higher bleeding rate in anticoagulation patients dur-
ing the first 3 months after surgery, after which the rate
seems to even out.

In summary, the results of this meta-analysis cau-
tiously suggest that continuing with anticoagulative
medication as the antithrombotic medication strategy
may be beneficial 3 months after SAVR using a biologi-
cal prosthesis. However, attributable to methodological
factors, the very low certainty of evidence emphasises
the need for cautious interpretation and underscores
the imperative for more robust research using ran-
domised data to clarify optimal antithrombotic strat-
egies in this patient population. In addition, there is a
lack of data on direct factor Xa inhibitors and P2Y,,
inhibitors as antithrombotic medication strategies 3
months after surgery.

Limitations

The absence of RCT data limits the credibility of our
findings, as this analysis relies solely on observa-
tional studies, including plausible selection bias and
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A

Observed

Intervention deaths
No medication 54
Heterogeneity I? = 78%, p =0.01

Antiplatelet 47
Heterogeneity: /% = 91%, p < 0.01

Anticoagulation 6
Heterogeneity 1= 87%, p <0.01

Anticoagulation + antiplatelet 16

Heterogeneity 1? = 83%, p <0.01
3-month anticoagulation followed by antiplatelet 6
Heterogeneity: not applicable

Overall 129
B
Observed
Intervention strokes
No medication 0
Heterogeneity 1= 0%, p =094
Antiplatelet 10
Heterogeneity: 1% = 0%, p =075
Anticoagulation 2
Heterogeneity: not applicable
Anticoagulation + antiplatelet 3
Heterogeneity: 1% = 0%, p =068
3-month anticoagulation followed by antiplatelet
Heterogeneity: not applicable
Overall 15
Observed
Intervention bleeding events
No medication 1
Heterogeneity 12 = 0%, p =075
Antiplatelet 16
Heterogeneity: 1? = 0%, p =048
Anticoagulation 2
Heterogeneity: not applicable
Anticoagulation + antiplatelet 13
Heterogeneity: not applicable
3-month anticoagulation followed by antiplatelet
Heterogeneity: not applicable
Overall 32
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Pooled 1y mortality

Patients [95%Cl]
991 4+ 0.035 [0.013; 0.093]
1534 ——— 0.030 [0.012; 0.074]
2384 B 0.005 [0.001; 0.026]
1270 0.015 [0.005; 0.044)
548 r 0.014 [0.006; 0.031]
6727 0.019 [0.010; 0.035]
I T T T T T |
0 0.02 0.04 0.06 0.08 0.1 0.12
Pooled 1y stroke
Patients rate [95%Cl]
991 0.003 [0.000; 0.024]
1534 0.015 [0.008; 0.028]
2384 0.019 [0.005; 0.072]
1270 0.010 [0.004; 0.028]
548
6727 | , | | 0.013 [0.008; 0.021]
0.02 0.04 0.06 0.08
Pooled 1y bleeding
Patients rate [95%Cl]
991 . . 0.005 [0.001; 0.026]
1534 0.024 [0.015; 0.039]
2384 0.019 [0.005; 0.072]
1270 0.040 [0.023; 0.067]
548
6727 0.027 [0.019; 0.038]
T T T T l
0 0.02 0.04 0.06 0.08

Fig. 3 Pooled outcome event rates by antithrombotic treatment groups during 3-12 months after surgery. Cl = confidence interval

potential inaccuracies and deviations from the reported
antithrombotic medication regimens. Additionally, the
lack or scarcity of information regarding concomitant
procedures and comorbidities (especially cerebrovascu-
lar disease, separate rates of ischemic and haemorrhagic
strokes and arrhythmias, such as atrial fibrillation) and
follow-up data on medication usage in the included stud-
ies increases uncertainty and adds evidently uncontrolled
confounding to our results. Moreover, the variation in
prosthesis models and their haematogenic properties
among the studies introduces potential heterogeneity.

Patient groups, such as paediatric and pregnant patients
as well as renal insufficiency patients requiring dialysis,
were excluded to avoid special considerations related
to antithrombotic treatment in these patient groups. In
addition, we did not include TAVI patients; therefore, our
results are not generalisable in these patients. These limi-
tations underscore the need for cautious interpretation
and highlight areas for future research to enhance our
understanding of optimal antithrombotic management
in this patient population. A well-designed and appropri-
ately powered RCT is warranted.
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Conclusion

In conclusion, despite revealing a tendency towards
the benefit of anticoagulation therapy in terms of mor-
tality at 1 year after biological SAVR and suggesting
a potential advantage in continuing anticoagulation
beyond 3 months, this meta-analysis is limited by very
low evidence certainty. The imperative for cautious
interpretation and the urgent need for more robust
randomised research underscore the complexity of
determining optimal antithrombotic strategies in this
patient population.
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