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apixaban and rivaroxaban showed promising 
results in comparable patient cohorts in smaller 
studies and case reports. Factor Xa inhibitors 
were able to prevent thrombosis and thrombo-
embolic events in patients after mechanical 
aortic valve replacement. Therefore, factor Xa 
inhibitors or factor XI inhibitors could provide 
a potent alternative to VKA for patients after a 
mechanical aortic valve replacement.
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Key Summary Points 

Life-long oral anticoagulation is mandatory 
after mechanical aortic valve replacement.

Vitamin-K-Antagonist are the only approved 
oral anticoagulation after mechanical heart 
valve replacement.

Dabigatran and Apixaban did not pre-
vent thrombo-embolism in patients with a 
mechanical aortic valve.

Rivaroxaban might still be an option after 
mechanical aortic valve replacement.

ABSTRACT

Current guidelines exclusively recommend vita-
min-K-antagonists (VKA) as anticoagulation for 
patients after mechanical aortic valve replace-
ment due to the increased postoperative risk of 
valve thrombosis and thrombo-embolism. Strict 
and regular assessments are mandatory during 
VKA therapy to ensure a potent anticoagula-
tory effect within the desired range. From the 
patients’ perspective, VKA are associated with 
relevant interactions and side effects reducing 
the quality of life and contributing to a high 
number of patients not achieving the optimal 
therapeutic target. Direct oral anticoagulants 
(DOAC) have replaced VKA therapy in the 
past for several indications, e.g., atrial fibrilla-
tion. However, it is still unclear if DOACs could 
replace VKA therapy in patients after mechanical 
aortic valve replacement. While the PROACT-
Xa study did not show a sufficient anticoagula-
tory effect of apixaban plus aspirin compared to 
VKA therapy in patients after mechanical aortic 
valve replacement, the direct thrombin inhibi-
tor dabigatran and the oral factor Xa inhibitors 
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INTRODUCTION

The artificial surface of a mechanical heart 
valve and the sewing ring can trigger a throm-
bus formation through an interplay of clotting 
processes including protein absorption, the 
adhesion of platelets, thrombin generation, 
and complement activation, finally leading to a 
coagulation cascade and activation of thrombin 
[1–3]. Activated thrombin, stimulated by factor 
Xa, is a potent platelet activator, which triggers 
fibrin polymerization, finally forming platelet 
aggregates [4, 5]. In addition to hemodynamic 
factors with regional turbulence and varying 
shear stress, the anatomic position of the pros-
thetic heart valve underlines the importance 
of hemodynamic factors as heart valve throm-
bosis has been reported 20 times more often in 
the slower-flow right-sided cardiac chamber or 
occurred two to three times more frequently in 
the mitral valve position than in the aortic valve 
[6, 7].

Following current AHA/ACC (American Heart 
Association/American College of Cardiology) 
and ESC/EACTS (European Society of Cardiol-
ogy/European Association of Cardio-Thoracic 
Surgery) guidelines, vitamin K antagonists are 
the only approved anticoagulatory medica-
tion for patients with mechanical heart valves 
(VKA) [8, 9]. VKA therapy can effectively pre-
vent thrombosis and thrombo-embolic events 
after a mechanical heart valve implantation but 
needs strict monitoring to maintain the nar-
row therapeutic window as the international 
normalized ration (INR) needs to be measured 
frequently to monitor the anticoagulatory 
effects of VKA treatment [10]. Patients after a 
mechanical aortic valve replacement without 
additional risk factors should maintain an INR 
range of 2–3 [11]. The effectiveness of a long-
term VKA therapy documented that patients’ 
INR values vary significantly outside the recom-
mended range due to non-compliance or other 
side conditions resulting either in a higher risk 
for either thrombo-embolic or bleeding events 
[12, 13]. Therefore, evidence has been gathered 
that the variability of the INR values is a strong 
predictor of morbidity and mortality after a 
mechanical valve replacement [14]. The multiple 

pharmaco-dynamic and –kinetic interactions 
of VKA with other drugs and food negatively 
impacts patients’ quality of life [15].

Direct oral anticoagulants (DOAC) including 
the factor II inhibitor dabigatran and the factor 
Xa inhibitors apixaban, edoxaban, and rivaroxa-
ban have been approved for the prevention of 
stroke in patients with non-valvular atrial fibril-
lation (AF) showing at least the same effective-
ness as VKA [16–18]. Until now, DOACs have 
not been approved for patients after a mechani-
cal aortic valve replacement but could provide 
a reasonable alternative to VKA, consequently 
leading to a higher acceptance of the more dura-
ble mechanical aortic heart valve [8].

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.

FACTOR II INHIBITOR

Dabigatran directly inhibits thrombin (factor II) 
and is approved for the treatment of non-val-
vular AF, deep vein thrombosis, and thrombo-
embolism and in patients with acute coronary 
syndrome [16, 19, 20].

Following the confirmation, that dabigatran is 
able to prevent thrombus formation in mechani-
cal heart valves and positive findings in an ani-
mal model using a mechanical aortic bi-leaflet 
valve conduit a clinical study was initiated [21].

The clinical setting—RE-ALIGN study (rand-
omized phase II study to evaluate the safety and 
pharmacokinetics of oral dabigatran-etexilate in 
patients after heart valve replacement)—com-
pared warfarin in patients with mechanical heart 
valves with an anticoagulation with dabigatran. 
The primary aim of RE-ALIGN was to evaluate 
the dosing regimen for dabigatran in patients 
with a mechanical heart valve irrespective of 
valve position (aortic, mitral, or both) [22]. The 
study had to be stopped early after an interim 
analysis due to an elevated number of adverse 
events in the dabigatran group with thrombo-
embolism and bleeding. Hence, RE-ALIGN could 
not detect any benefits of an anticoagulation 
with dabigatran compared to dabigatran.
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This result might have been related to several 
aspects including the excretion of dabigatran 
leading to a wide range of anticoagulatory 
effects [23]. Taking into account the revers-
ible inhibition of factor II by dabigatran, VKAs 
interact with several factors of the coagulation 
cascade such as factors II, VII, IX, X and pro-
teins C and S in a noncompetitive manner and 
may therefore be more potent than dabigatran 
for anticoagulation in patients with mechanical 
heart valves. Furthermore, the possibility that 
the thrombin generation induced by the surface 
of the mechanical heart valve or the sewing ring 
overwhelms the inhibitory effects of dabigatran 
has to be considered as another potential rea-
son [24]. Furthermore, the time frame in which 
a new anticoagulation regimen might be tested 
has to be considered since the vast majority of 
thrombo-embolic events occur within 90 days 
after surgery [25]. As also discussed in the edito-
rial of the article, the basis on which the aimed 
dabigatran dosage through target plasma levels 
of 50 ng/ml or higher was examined could be 
problematic by itself: The desired dabigatran 
level was translated from the RELY-trial (rand-
omized evaluation of long-term anticoagula-
tion therapy) for the prevention of strokes in 
patients with atrial fibrillation and dabigatran 
anticoagulation. Hence, the different indication 
in patients with mechanical heart valves and its 
thrombogenic surface, differences in the blood 
flow and shear stress, as well as other patients’ 
characteristics may lead to an alternate throm-
bus formation and cause of thrombo-embolism 
compared to the patient collective in the RE-LY 
study [25]. Another potential source of error in 
the early anticoagulation with dabigatran in 
patients with a mechanical heart valve could 
be the altered bioavailability of the drug in the 
early postoperative phase affecting its plasma 
levels because of gut dysfunctions and malab-
sorption [25]. However, anticoagulation with 
VKAs face similar problems and require a good 
anticoagulation control due to drug–drug inter-
actions and fluid shifts with more possible over- 
or under-dosing and INR lapses [26].

FACTOR XA INHIBITOR

Apixaban and rivaroxaban act as direct factor 
Xa inhibitors on free and clot bound factor Xa 
in prothrombinase complexes [27, 28]. The fac-
tor Xa inhibitors have been approved for several 
indications, e.g., for the treatment of non-valvu-
lar AF and deep vein thrombosis.

The possible effectiveness of rivaroxaban as 
an anticoagulant for mechanical heart valves 
was first examined in an in vitro study and ani-
mal models using a bi-leaflet mechanical valve 
conduit, which bypassed the ligated descend-
ing aorta, showing a significantly lower throm-
bus formation and platelet deposition without 
increasing the risk of severe events [29, 30]. In 
a case series, rivaroxaban was investigated in 
patients after an isolated mechanical mitral 
valve replacement and within 90 days of the 
follow-up, none of the patients showed severe 
adverse events such as thrombus formation, 
thrombo-embolic or bleeding events [31]. Subse-
quently, the authors initiated an open-label pilot 
study, the “RIWA study – rivaroxaban versus war-
farin in patients with mechanical heart valves”, 
to systematically compare rivaroxaban with INR-
adjusted warfarin in patients with a mechani-
cal heart valve to prevent them from thrombo-
embolic events and any type of stroke. Patients 
were eligible for enrollment if mechanical heart 
valve replacement, aortic or mitral, was con-
ducted at least 3 months previously. With enroll-
ment, and after 90 days of follow-up (23 patients 
in the rivaroxaban group and 21 in the warfarin 
group), patients underwent a transesophageal 
echocardiography and computed tomography of 
the head. The primary composite endpoint with 
stroke, transient ischemic attack, silent brain 
infarct, and systemic embolization occurred in 
one patient (transient ischemic attack) under 
DOAC with rivaroxaban and three patients with 
VKA (ischemic stroke n = 2, silent brain infarct 
n = 1), reaching no statistically significant differ-
ence. No case of disabling stroke was observed. 
One patient in the VKA group died due to a 
myocardial infarction, no case of major bleed-
ing or non-major bleeding was reported. The 
assessed echocardiography parameters showed 
no significant differences with regard to pressure 
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gradients and peak velocity when compared for 
the distinct prostheses and groups. In this study, 
rivaroxaban was comparable to VKA concerning 
thromboembolic and bleeding events in patients 
with mechanical heart valves [32]. Hence, the 
authors conclude that rivaroxaban might be a 
safe alternative to VKA with respect to throm-
boembolic and bleeding events in patients with 
mechanical heart valves [33]. Moreover, another 
study group published their results for rivar-
oxaban in ten patients with a low-risk profile 
and mechanical aortic heart valves. Within the 
follow-up for 6 months, no case of thrombo-
embolic, valve thrombosis, bleeding, or death 
occurred [34].

Apixaban was similarly tested in an ani-
mal model with a mechanical heart valve, as 
the mean thrombus weight was lowest in the 
intravenous apixaban group. In contrast to the 
warfarin group, no adverse events for bleeding 
were observed, and the authors concluded that 
apixaban might be a promising alternative to 
VKA for the prevention of thrombus formation 
in patients with a mechanical heart valve [35].

Subsequently, the PROACT Xa study—a rand-
omized, multicenter, open-label, clinical trial to 
evaluate the efficacy and safety of apixaban ver-
sus warfarin in patients with a mechanical On-X 
aortic heart valve—investigating apixaban and 
warfarin in patients after the implantation of an 
On-X heart valve was initiated [36]. Within this 
study, patients with a mechanical On-X aortic 
valve were randomized at least 3 months after 
surgery at 64 sites in the USA. The rationale for 
the On-X mechanical aortic valve was a propa-
gated lower INR as investigated in earlier stud-
ies. Patients in the PROACT-Xa study were rand-
omized 1:1 either to receive apixaban (5 mg bid) 
or warfarin (VKA) with a targeted INR of 2.0–3.0. 
The aim of the study was to demonstrate a non-
inferiority of apixaban oral anticoagulation 
compared to warfarin for the combined primary 
endpoint including valve thrombosis and valve 
related thromboembolism. The primary safety 
endpoint of the study was defined as major 
bleeding events.

Between May 2020 and September 2022, 863 
patients of the initially planned 990 patients 
were randomized as the study was stopped pre-
maturely due to a higher rate of thromboembolic 

events in the apixaban group. In conclusion, the 
PROACT-Xa study was not able to prove a non-
inferiority for apixaban in patients with an On-X 
mechanical aortic valve. Aortic valve thrombosis 
occurred in three patients in the apixaban group 
as none was documented in the VKA cohort. 
Furthermore, valve-related thromboembolisms 
occurred more often in the apixaban group with 
17 documented cases versus six events in the 
VKA group. Major bleeding events were recorded 
in 17 cases in the apixaban group and 21 cases 
in the VKA group [37]. Regarding the primary 
endpoint, the PROACT-Xa study failed to dem-
onstrate a non-inferiority for apixaban com-
pared to VKA in the prevention of valve throm-
bosis and thromboembolism in patients with an 
On-X mechanical aortic valve as the study was 
stopped prematurely regarding a higher number 
of thromboembolic events in the DOAC group. 
The difference in bleeding events showed no sta-
tistical significance [37].

The PROACT-Xa only randomized patients 
with an On-X-mechanical aortic valve replace-
ment at least 3 months prior, who primarily 
received VKA after surgery. The investigators 
of the PROACT-Xa study addressed concerns 
raised after the failed RE-ALIGN study, which 
yielded at the hypercoagulatory state in the first 
3 months after surgery and mechanical valve 
replacement [7]. Furthermore, the investiga-
tors only included patients with a mechanical 
valve in aortic position and used the On-X valve, 
which is meant to show favorable hemodynamic 
parameters and flow characteristics and can be 
anticoagulated less strict (INR 1.5–2.0 instead of 
2.0–3.0) compared to other mechanical aortic 
valves [37]. The higher rate of thromboembolic 
events in the apixaban group cannot be assigned 
to a certain cause. In addition, all participants 
received aspirin orally in addition to the oral 
anticoagulation. Details of included studies are 
displayed in Table 1.

COMMENT

DOACs are contraindicated in patients with a 
mechanical heart valve in the current guidelines 
of the American College of Cardiology/American 
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Heart Association (ACC/AHA) as well as in the 
European Society of Cardiology (ESC) and the 
European Association for Cardio-Thoracic Sur-
gery (EACTS) [8, 9]. This statement is based on 
the outcomes of the RE-ALIGN study (dabigatran 
versus warfarin in patients with mechanical 
heart valves) [23]. Following the outcomes of the 
Re-ALIGN study, no further examinations with 
DOACs in patients with a mechanical aortic 
valve replacement were conducted. Because of 
the unfavorable side effects of VKA and to avoid 
a life-long anticoagulation with VKA, patients 
often decide against a mechanical valve while 
preferring a biological prosthesis. The decision 
for a biological prosthesis is often associated 
with a premature valve deterioration and the 
risk of re-operation. The guideline recommen-
dations for an oral anticoagulation with VKA in 
patients after a mechanical aortic valve replace-
ment is based on historical studies [10, 38].

With DOACs, new promising drugs might be 
available for these patients with the chance for 
higher patient comfort and safety due to fewer 
drug–drug and drug–food interactions, no need 
for INR measurements and fewer fluctuations of 
an effective drug level. However, the benefit of 
this additional convenience needs to be assessed 
according to the associated risk difference as the 
possible opportunity to find a new anticoagula-
tion other than VKA for patients with mechani-
cal heart valve should not be abandoned [39]. 
Pharmacodynamic effects may also explain the 
negative findings of the RE-ALIGN phase II dose 
validation study, which had to be stopped early 
because of a higher incidence of thrombo-embo-
lism and bleeding in the dabigatran group [23]. 
Taking into account the reversible inhibition of 
factor II by dabigatran, VKAs interact with sev-
eral factors of the coagulation cascade such as 
factors II, VII, IX, X, and proteins C and S in a 
noncompetitive manner and may therefore be 
more potent than dabigatran for anticoagula-
tion in patients with mechanical heart valves. 
The possibility that the thrombin generation 
induced by the surface of the mechanical heart 
valve or the sewing ring overwhelms the inhibi-
tory effects of dabigatran has to be considered 
as another potential reason [24].

Of note, the design of the RE-ALIGN study 
including the target plasma level needs to be 

critically discussed: the desired dabigatran level 
was translated from the RELY-trial (randomized 
evaluation of long-term anticoagulation ther-
apy) for prevention from stroke in patients with 
atrial fibrillation and dabigatran anticoagula-
tion. Hence, the different indication in patients 
with mechanical heart valves and its throm-
bogenic surface may be associated with higher 
thrombus formation. Another potential expla-
nation of the results could be the altered bio-
availability of the drug in the early postoperative 
phase affecting its plasma levels because of gut 
dysfunctions and malabsorption [25].

The possible opportunity to find a new anti-
coagulation other than VKA for patients with 
mechanical heart valve should not be aban-
doned because of the negative findings from 
only one trial and factor Xa inhibitors such as 
apixaban and rivaroxaban could be promising. 
One reason why the usage of factor Xa inhibitors 
might be more promising than dabigatran is the 
different approach in the coagulation cascade 
taking into consideration that activated factor 
Xa triggers the generation of thrombin by fac-
tor 1.000 [40]. Thereby, this upstream inhibi-
tion of the coagulation cascade by rivaroxaban 
or apixaban might be more potent in prevent-
ing thrombo-embolic events in patients with 
mechanical heart valves [41].

In the effort of finding an alternative antico-
agulation, the study design of PROACT-Xa was 
modified and differed significantly from the RE-
ALIGN study. With apixaban, a DOAC with a 
favorable pharmacodynamics and pharmacoki-
netic was chosen [36]. With the inclusion of 
patients at least 3 months after the mechanical 
aortic valve replacement, the critical postopera-
tive phase was bypassed. Nevertheless, patients 
needed to be switched from VKA to apixaban, 
which includes a critical phase with the inter-
ruption of the anticoagulation and the risk valve 
thrombosis formation and thromboembolic 
events. The On-X mechanical aortic valve is sug-
gested to have a lower thrombogenicity and can 
be anticoagulated with a lower INR, but within 
the PROACT-Xa study the investigators used the 
initial INR (2.0–3.0) plus aspirin 81 mg daily [37, 
42]. Furthermore, the basis of the power analy-
sis of the primary endpoint was based on pre-
liminary studies for the On-X mechanical valve, 
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which alongside with the objective performance 
criterion of the Food and Drug Administration 
bases on heterogenic data [36, 42].

Due to the lack of comparable cardiovascular 
studies, the design and the determination of the 
non-inferiority margin is not trivial. Therefore, 
the PROACT-Xa study is exemplary and may 
serve partially as an example for further stud-
ies to identify an alternative oral anticoagula-
tion for patients after a mechanical aortic valve 
replacement.

The use of the factor Xa inhibitor rivaroxa-
ban could be promising. Animal studies and 
case series with patients using a mechanical 
aortic valve and rivaroxaban anticoagulation 
showed promising outcomes for the prevention 
of mechanical heart valve thrombosis [30–32]. 
Taking these issues and the pitfalls from the 
RE-ALIGN trial into account, several impor-
tant issues to possibly avoid severe event rates 
in patients with mechanical heart valves and 
DOAC can be addressed. In detail, the authors 
discuss key points with regard to hemodynamics 
and thrombogenicity. Specifically, a mechanical 
valve with low thrombogenicity in aortic posi-
tion should be used, and only patients with pre-
served ejection fraction, a low bleeding risk, and 
no state of hypercoagulability should be consid-
ered for DOAC evaluation [7, 39].

CONCLUSIONS

A life-long anticoagulation with VKAs negatively 
affects the quality of a patient’s life because of 
the necessity of permanent control of INR ranges 
and several drug–drug and drug–food interac-
tions. VKAs are the only approved anticoagula-
tion for patients with a mechanical heart valve. 
The outcome of “The proof of concept-trial – The 
RIWA study” by Duraes et al. showed promising 
data for rivaroxaban in patients with mechani-
cal heart valves, also including mechanical mitral 
valves and patients with AF – hence, patients at a 
higher risk of thrombo-embolic events. Currently, 
it is not possible to make a final judgement about 
factor Xa inhibitors and their impact on the pre-
vention of thrombo-embolic events in patients 
with mechanical heart valves. Therefore, precise 

prospective and randomized clinical studies are 
needed to evaluate the effectiveness of the factor 
Xa inhibitor rivaroxaban.
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