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Controversy persists regarding the advisability of anticoagulation for the early period
after biological surgical aortic valve replacement (AVR). We aim to examine the impact of
various antithrombotic regimens on outcomes in a large cohort of biological AVR patients.
Records of 1,111 consecutive adult patients who underwent surgical biological AVR at our
institution between 2013 and 2017 were reviewed. Outcomes included stroke, bleeding,
and death at 3 and 12 months. Treatment regimens included (1) no therapy, (2) anticoagu-
lants (warfarin or Factor Xa inhibitors), (2) antiplateles (various), and (4) anticoagu-
lants + antiplatelets. Kaplan-Meier analysis was used to track outcomes, and Cox-
proportional hazards regression models were conducted to analyze effects of different
therapies on adverse events.
At 3 months, thromboembolic events were low and not significantly different between the
no therapy group (2.2%) and anticoagulation (2.8%) or anticoagulation + antiplatelet
(3.6%) or all groups (3.7%). The antiplatelet group was just significantly lower, at 2.2%.
However, this was driven by non-stroke cardiovascular events in patients with coronary
artery disease. The incidence of death at 3 months was low and not significantly different
between all groups. At 12 months, there were no thromboembolic benefits between groups,
but bleeding events were significantly higher in the anticoagulation group (no therapy
(1.4%), anticoagulation (8.4%), antiplatelet (4.5%), anticoagulation + antiplatelet (7.9%)).
In conclusion, none of the antithrombotic regimens showed benefits in stroke or survival
at 3 or 12 months after biological AVR. Anticoagulation increased bleeding events. Rou-
tine anticoagulation after biological AVR appears to be unnecessary and potentially harm-
ful. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;129:71−78)
te at Yale-New Haven Hospital, Yale University School

Haven, Connecticut; bDepartment of Diagnostic Radiol-

Medicine, University of Maryland School of Medicine,

nd; cDepartment of Political Sciences and Economics,

, Glassboro, New Jersey; and dDepartment of Cardiovas-

cular Surgery, Kazan State Medical University, Kazan,

t received February 21, 2020; revised manuscript received

12, 2020.

ding: None

flict of Interest: None relevant to the current study.

des sits on the Data and Safety Monitoring Boards of

Heart and is a principal of CoolSpine.

r disclosure information.

g author: Tel: +1-203-785-2551; fax: +1-203-785-3552.

s: john.elefteriades@yale.edu (J.A. Elefteriades).

www.ajconline.orgElsevier Inc. All rights reserved.

1016/j.amjcard.2020.05.018
Valvular heart disease is one of the most common patho-
logic disorders, affecting 1.8% of people in United States
and millions worldwide.1,2 Aortic valve stenosis (AS) is the
most common cardiac valvular pathology.3 Severe AS is
typically treated surgically with aortic valve replacement
(AVR). Biological prosthetic valves, albeit less durable, are
often preferred over mechanical valves for being less
thrombogenic and not requiring life-long anticoagulation.2,4

The recent societal guidelines recommend postoperative
anticoagulation treatment with a vitamin K antagonist or
acetylsalicylic acidfor patients after biological AVR for at
least 3-months postoperatively.5-7 However, level of evi-
dence is suboptimal and there is currently no unequivocal
consensus.8-12 In fact, multiple studies question the benefit
of using anticoagulation agents after a surgical bioprosthe-
sis is placed and uncertainty persists.13-18 In this study, we
evaluate the efficacy of (and clinical need for) early antith-
rombotic therapy in patients undergoing surgical biopros-
thesis AVR
Methods

We reviewed electronic medical records (EPIC soft-
ware) of 1,734 consecutive adult patients who underwent
AVR from February 2013 through November 2017. 623
patients were excluded due to: mechanical valve implanta-
tion (n = 606), patients who expired after surgery, but
before hospital discharge (n = 10), and patients lost to fol-
low-up (n = 7) (Figure 1). The resulting 1,111 patients were
included, all of whom underwent primary AVR with a bio-
logic prosthesis [ICD-10-CM]).

This study was approved by the Human Investigation
Committee of Yale University. Requirement for informed
consent was waived due to the retrospective nature of this
medical record review.

In-hospital and outpatient data included following varia-
bles: bleeding during follow-up (any type of bleeding

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.05.018&domain=pdf
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Figure 1. Population flow diagram.

Figure 2. Prevalence of antithrombotic therapy strategies after discharge.

72 The American Journal of Cardiology (www.ajconline.org)
severe enough to require medical attention, such as transfu-
sions or surgical intervention), hemorrhagic strokes, throm-
boembolic events (ischemic strokes, transient ischemic
attacks (TIA)), and mortality. All variables were registered
at 3 and 12-months postoperatively. We also collected
anthropometric data: age, gender and race.

Use of postdischarge medications was recorded from
discharge summaries in electronic medical records (EPIC).
Patients were stratified into four groups based on postdi-
scharge therapy: antiplatelet-only (n = 544, 48.9%)( acetyl-
salicylic acid 81 mg to 325 mg daily), anticoagulant
therapy (warfarin or factor Xa inhibitors (rivaroxapan or
apixaban, n = 106, 9.5%)), antiplatelet plus anticoagulants
(n = 326, 29.3%), and no therapy (n = 135, 12.5%)
(Figure 2). In addition to aspirin, 36 patients (6.6%) were
also taking a P2Y12 receptor antagonist (clopidogrel 75 mg
or ticagrelor 90 mg). Only four patients (0.7%) were solely
only P2Y12 antagonists.The patients receiving anticoagu-
lants were discharged on warfarin (1.5 mg to 10 mg daily)
with target INR 2.0 to3.0 (n = 96; 90.6%). The remaining
patients in that group (n = 10; 9.4%) received Xa inhibitors:
rivaroxaban 10 mg to 20 mg daily, or apixaban 2.5 mg to
5 mg one or two times daily.

In the antiplatelet + anticoagulants group, in antiplatelet
agents, 97.54% (n = 318) of patients were on aspirin oral
therapy, and the rest (2.46% n = 8) on clopidogrel (P2Y12
antagonist). Warfarin was prescribed to 89.99% (n = 293)
of patients in that group, whereas factor Xa inhibitors were
used in only 9.99% (n = 33) (Figure 3). The “no therapy
group” received no any antiplatelet agents or anticoagula-
tion therapy throughout the follow-up period.

Statistical analysis was performed using R 3.4.1 (R
Foundation for Statistical Computing, Vienna, Austria).19

Continuous variables are presented as mean§ standard
deviation, or median with range, whereas categorical varia-
bles are presented as values and percentages.
Kaplan-Meier (K-M) curves display the survival proba-
bility in all groups. Cumulative risks for definite, possible,
and total events were plotted. Cox-proportional hazards
regression models were conducted to analyze effects of dif-
ferent therapies on various adverse events, including mor-
tality, bleeding, thrombosis, and stroke. Patient age at
surgery, gender, and atrial fibrillation were taken into
account in the Cox regression as control variables.
Results

1 111 patients who survived to hospital discharge after
surgical biological AVR between 2013 and 2017. Median
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Figure 3. Antithrombotic therapy strategies at discharge.
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age was 69.86 § 10.86 (range 22 to 87), with 64.4% men
and 35.6% women. 69.8% of patients had aortic stenosis,
19.1% had aortic insufficiency, and 8.2% had mixed dis-
ease. Bicuspid aortic valve was found in 20.1% of patients,
Table 1

Patient characteristics stratified by discharge antithrombotic strategy

Parameter No therapy

group

(n = 135)

Post-discha

Therapy

(all 3 subgroups)

(n = 976)

Antiplatelet

(n = 544)

A

Age (years) 69.09 § 10.52 70.64 § 11.21 69.97 § 11.23 7

Male 84 (62.2%) 632 (64.7%) 350 (64.3%)

Female 51 (37.8%) 344 (35.3%) 194 (35.7%)

White 123 (91.1%) 865 (88.6%) 475 (87.3%)

Black 9 (6.6%) 49 (5.0%) 32 (5.8%)

N. American 3 (2.2%) 2 (0.2%) 1 (0.1%)

Asian 0 (0%) 11 (1.0%) 8 (1.4%)

Hispanic 0 (0%) 39 (3.9%) 24 (4.4%)

Unknown 0 (0%) 10 (1.0%) 4 (0.7%)

Aortic Stenosis (AS) 76 (54.8%) 699 (71.6%) 402 (73.8%)

Aortic Insufficiency (AI) 44 (32.5%) 157 (16.0%) 78 (14.3%)

Combined AS & AI 6 (4.4%) 85 (8.7%) 45 (8.2%)

Bicuspid aortic valve 24 (17.7%) 209 (21.4%) 121 (22.2%)

Ascending aortic aneurysm 69 (51.1%) 188 (19.2%) 100 (18.3%)

Descending aortic aneurysm 3 (2.2%) 16 (1.6%) 11 (2.0%)

Dissection Type A 1 (0.7%) 17 (1.7%) 11 (2.0%)

Dissection Type B 4 (2.9%( 1 (0.1%) 1 (0.1%)

CAD 38 (28.1%) 501 (51.3%) 277 (50.9%)

PAD 4 (2.9%) 63 (6.4%) 36 (6.6%)

Atrial fibrillation 47 (34.8%) 430 (44.0%) 152 (27.9%)

n= number, % = percentage, CAD = coronary artery disease, PAD =peripheral a

* p < 0.05.
ascending aortic aneurysm in 23.1%, and descending aortic
aneurysm in 1.7% (Table 1). (Frequency of ascending
aortic aneurysms reflects the concentration of our Aortic
Institute.)
rge Therapy Groups p - Value Total

(n = 1,111)
nticoagulants

(n = 106)

Antiplatelet + Anticoagulants

(n = 326)

0.44 § 12.99 71.82 § 10.48 - 69.86 § 10.86

71 (66.9%) 211 (64.7%) 0.564603 716 (64.4%)

35 (33.1%) 115 (35.3%) 0.564603 395 (35.6%)

96 (90.5%) 294 (90.1%) 0.388608 988 (88.9%)

5 (4.7%) 12 (3.6%) 0.420284 58 (5.2%)

0 1 (0.3%) 0.00103* 5 (0.5%)

0 3 (0.9%) - 11 (1%)

3 (2.8%) 12 (3.6%) - 39 (3.5%)

2 (1.8%) 4 (1.2%) - 10 (0.9%)

68 (64.1%) 229 (70.2%) 0.00028* 775 (69.8%)

28 (26.4%) 51 (15.6%) <0.001* 201 (19.1%)

7 (6.6%) 33 (10.1%) 0.090347 91 (8.2%)

27 (25.4%) 61 (18.7%) 0.330717 233 (20.1%)

38 (35.8%) 50 (15.3%) <0.001* 257 (23.1%)

3 (2.8%) 2 (0.6%) 0.624419 19 (1.7%)

1 (0.9%) 5 (1.5%) 0.387861 18 (1.6%)

0 0 <0.001* 5 (0.4%)

38 (35.8%) 186 (57.0%) <0.001* 539 (48.5%)

6 (5.6%) 21 (6.4%) 0.110163 67 (6%)

73 (68.8%) 205 (62.8%) 0.042005* 477 (42.9%)

rtery disease.



Table 2

Clinical outcomes of antithrombotic therapy at 3-months after bioprosthetic aortic valve replacement

Group No therapy

(n = 135)

Therapy group Total

(n = 1,111)
Total

(n = 976)

p - Value Antiplatelet

(n = 544)

p - Value Anticoagulants

(n = 106)

p -Value Antiplatelet +

anticoagulants

(n = 326)

p - Value

Hemorrhage 2 (1.4%) 31 (3.1%) 0.276973 11 (2.0%) 0.681621 6 (5.6%) 0.072258 14 (4.2%) 0.013399* 33 (2.97%)

Hemorrhagic stroke 0 (0%) 6 (0.6%) - 2 (0.9%) - 1 (1%) - 3 (0.9%) - 6 (0.545)

Other 2 (1.4%) 25 (2.5%) 0.444993 9 (1.6%) 0.886718 5 (4.7%) 0.137647 11 (3.3%) 0.026393* 27 (2.43%)

Thromboembolic events 5 (3.7%) 22 (2.2%) 0.305276 7 (1.2%) 0.056428 3 (2.8%) 0.70718 12 (3.6%) 0.990601 27 (2.43%)

Embolic Stroke 3 (2.2%) 15 (1.5%) 0.554412 7 (1.2%) 0.419304 1 (0.9%) 0.4405516 7 (1.2%) 0.95989 18 (1.62%)

Other 2 (1.4%) 7 (1.1%) 0.353147 0 (0%) - 2 (1.8%) 0.856102 5 (1.5%) 0.606457 9 (0.81%)

Mortality 2 (1.4%) 11 (1.1%) 0.719648 2 (0.3%) 0.130102 5 (4.7%) 0.137647 4 (1.2%) 0.826348 13 (1.17%)

Thromboembolic events (thrombosis, ischemic stroke, TIA); Hemorrhage (hemorrhage stroke, any bleeding).

* p < 0.05.
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Clinical characteristics and comorbidities are listed in
Table 1.: coronary artery disease (CAD) (48.5%) and atrial
fibrillation (both previous and postoperative) were common

The 3-months incidence of death after hospital discharge
was low (no therapy 1.4%; antiplatelet 0.3%; anticoagulants
4.7%; antiplatelet + anticoagulant 1.2%) and not significant
different (p = 0.13, p = 0.13, p = 0.82 respecttively). Also,
there is no significant difference between no-therapy (1.4%)
versus all three antithrombic groups 1.1% (p = 0.71) (Table 2).

We excluded patients with perioperative mortality since
the study concerned impact of anticoagulation on postdi-
scharge events. At the 3-months evaluation, survival rates
were no different between the no therapy and the three ther-
apy groups (antiplatelet, anticoagulants, and antiplatelet plus
anticoagulant) (p = 0.24, p = 0.15 and p = 0.79, respectively).

The 3-months incidence of thromboembolic events after
discharge was low and not significantly different between
the no-therapy group and the therapy groups combined
Figure 4. Kaplan-Meier curve for thrombosis
(3.7%, p = 0.30) or indivicually: anticoagulants (2.8%,
p = 0.71) and antiplatelet + anticoagulants (3.6%, p = 0.99).
However, we did identify significantly lower events in the
antiplatelet group (1.2%, p = 0.05) (Table 2), also seen in
the K-M plot (1.2%, p = 0.042) (Figure 4) compared with
no therapy (2.2%). Interestingly, anticoagulants-only and
antiplatelet +anticoagulants showed no significant differen-
ces at 2.8% (p = 0.70), and 3.6% (p = 0.99) respectively.
We stratified the antiplatelet group into 2 subgroups:
patients with and without history of CAD or CABG. K-M
analysis showed a trend toward lower rates of thrombosis in
patients with CAD on antiplatelets versus non-CAD group
(p = 0.099) (Figure 5). The benefit trend appeard after bio-
prosthesis AVR only in patients with CAD.

For the thromboembolic subgroup of stroke, there was
no difference in incidence rates between no therapy and
therapy, or between no therapy and any therapy subcategory
(Table 2).
in the no therapy and antiplatelet group.

www.ajconline.org


Figure 5. Kaplan-Meier curve for thrombosis in patients of the no therapy and antiplatelet group with CAD .
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The 3-months incidence of bleeding (all types except
hemorrhagic stroke) was slightly higher in the antiplatelet
and anticoagulant group versus no therapy, although not
significantly (2.0%; 5.6%; versus 1.4 p = 0.68; p = 0.07%).
However, antiplatelet + anticoagulants increased risk of
hemorrhage significantly (p = 0.01), Table 2.

Thus, none of the therapy groups showed benefit after
biological AVR during the first 3-months, except fewer
thromboembolic events (stroke, deep venous thrombosis or
pulmonary embolism) in patients on antiplatelet agents
with CAD. Furthermore, antiplatelet + anticoagulant ther-
apy was associated with a higher risk of hemorrhage.

We assessed postoperative adverse events also aftter the
first year following AVR. Overall, 1-year mortality occurred
in 3.7% (n = 5) of patients in the no-therapy group, 2.2%
Table 3

One-year outcomes of antithrombotic therapy after bioprosthetic aortic valve repla

Group No therapy

(n = 135)
Total

(n = 976)

p - Value Antiplatelet

(n = 544)

p -V

Hemorrhage 2 (1.4%) 60 (6.4%) 0.026851* 25 (4.5%) 0.097

Hemorrhagic stroke 0 (0%) 9 (1.4%) - 5 (0.9%) -

Other 2 (1.4%) 51 (5.5%) 0.055759 20 (3.6%) 0.197

Thromboembolic events 6 (4.4%) 37 (3.8%) 0.712771 16 (2.9%) 0.377

Embolic Stroke 3 (2.2%) 26 (2.7%) 0.762881 13 (2.3%) 0.908

Other 3 (2.2%) 11 (1.1%) 0.284974 3 (0.5%) 0.063

Mortality 5 (3.7%) 34 (3.4%) 0.896379 12 (2.2%) 0.318

Thromboembolic events (thrombosis, ischemic stroke, TIA); Hemorrhage (hem

* p < 0.05.
(n = 12) (p = 0.31) in patients on antiplatelet agents, 6.6%
(n = 7) (p = 0.30) in patients on anticoagulants, and 4.6%
(n = 15) (p = 0.66) in patients on antiplatelet therapy and anti-
coagulants. Thromboembolic events or ischemic or hemor-
rhagic strokes were not significantly different at 12-months
follow-up in no therapy group (4.4%) versus therapy groups
(3.8%)(p = 071). However, bleeding and hemorrhagic events
were significantly higher in the therapy groups compared
with no therapy (no therapy 1.4%, antiplatelets 4.5%
p = 0.09, anticoagulants 8.4% p = 0.01, antiplatelets + antico-
agulation 7.9% p = 0.006 (Table 3) and (Figure 6).

Thus, 12-months antithrombotic therapy after AVR con-
ferred no advantage in prevention of early cerebral ischemic
events after biological AVR. Moreover, anticoagulants put
patients at higher risk of bleeding.
cement

Therapy group Total

(n = 1,111)
alue Anticoagulants

(n = 106)

p - Value Antiplatelet +

anticoagulants

(n = 326)

p - Value

437 8 (8.4%) 0.019039* 27 (7.9%) 0.006204* 62 (5.58%)

1 (1.0%) - 3 (0.9%) - 9 (0.81%)

309 7 (7.2%) 0.037366* 24 (7.0%) 0.012752* 53 (4.77%)

255 4 (4.1%) 0.795472 17 (5.2%) 0.729584 43 (3.87%)

58 3 (3.1%) 0.763662 10 (3.0%) 0.617855 29 (2.61%)

361 1 (1.0%) 0.440516 7 (2.1%) 0.95989 14 (1.26%)

75 7 (6.6%) 0.304245 15 (4.6%) 0.666858 39 (3.51%)

orrhage stroke, any bleeding).



Figure 6. Kaplan-Meier curve for bleeding events in the no therapy and antiplatelet group.

Table 4

Cox proportional hazard regression analysis results of mortality

Risk factor Parameter

estimate

p - Value Hazard ratio (HR)

(95% CI for HR)

Therapy �0.226235 0.64376 0.79 (0.3057�2.080)

Age at surgery 0.002298 0.89162 1.00 (0.9697�1.036)

Female �0.264823 0.47004 0.76 (0.3741�1.574)

Coronary artery disease 0.150140 0.66284 1.16 (0.5917�2.282)

Atrial fibrillation 0.997740 0.00448 2.71 (1.363�5.397)
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Risk factors like patient age at surgery, gender, and atrial
fibrillation are taken into account in the Cox regression as
control variables. In general, we did not find evidence of
significantly different outcomes between all treatment
groups and no-treatment group. However, patients with
atrial fibrillation, regardless of therapy, were at nearly 3-
fold higher increased risk of mortality (HR = 2.71, 95% CI
1.36 to 5.40, p = 0.0045) (Table 4).
Disscussion

Optimal anticoagulation strategy after bioprosthetic
AVR still remains questionable.7,13 Clinicians may be
infuenced to anticoagulate by virtue of a catastrophic anec-
todal experience or fear of potential medicolegal repurcus-
sions of not anticoagulating. Our study provides evidence
in a large number of patients to clarify real world benefits
and demerits of anticoagulation.

Coli demonstrated that patients treated with warfarin as
compared with aspirin received no benefit in postoperative
ischemic events, bleeding, and overall survival in the first 3
months after biological AVR.20 Recently, Rafiq found no
significant advantage of warfarin over aspirin for
thromboembolism prevention in patients with biological
AVR during the first 3 months after surgery.17 Multiple
other studies have questioned the utility of anticoagulation
after biological AVR.15,18,21,22 Even 20 years ago, our own
group compared warfarin to no-therapy after biological
AVR, finding that early anticoagulation after a bioprosthe-
sis seemed unnecessary.16 Moreover, a meta-analysis by
Riaz et al. showed that anticoagulation in the setting of an
aortic bioprosthesis significantly increases bleeding risk.23

This present study (over 1,000 patients with biological
AVR) was designed to clarify whether early anthithrom-
botic therapy is necessary after biologic AVR, Does antico-
agulation reduce thromboembolism or improve survival?
Even within our 1 institution, post-AVR anticoagulation
management varied greatly in clinicians. Strategies
included: antiplatelet, anticoagulant, antiplatelet and antico-
agulant treatment, and no therpay.

The risk of stroke events in our series was quite low.
Further, we found no significant difference in thromboem-
bolic events or survival at 3 and 12 months in patients on
anticoagulants, aspirin, or both, compared with no-therapy
after biological AVR.

We also demonstrated that anticoagulation strategies did
increase the risk of hemorrhage during the observation
period (See summary of study in Figure 7).

In one small subgroup of patients, those with history of
CAD/CABG, a very small but statistically significant benefit
of anticoagulation was seen at 3 and 12 months, manifested
as decreased thrombotic events, but not strokes. Aspirin has
long been recommended for secondary prevention after
myocardial infarction or stroke.24-27 In a sub-analysis, we
stratified patients receiving aspirin into 2 groups: with CAD/
CABG or without CAD or previous heart surgery. In this
sub-analysis, we simply redemonstrated the well-known fact

www.ajconline.org


Figure 7. Summary of study results (* − Indicates significant increase in bleeding with anticoagulation. Note no significant difference in mortality or throm-

boembolism).
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that aspirin reduces cardiovascular events in patients with
CAD/CABG, but not in patients without CVD.

Another interesting finding in our study is that atrial
fibrillation raises the mortality risk of AVR by nearly 3-
fold. Concomitant atrial fibrillation may in its own right
indicate anticoagulation therapy. That topic is beyond the
scope of this study.

There are several limitations of the present study. 1. This
is a retrospective, observational investigation, not a ran-
domized, controlled trial. 2. Although we have precise dis-
charge anticoagulation presecriptions, we do not have
detailed information about drug compliance. 3. This study
is limited by its single center nature. 4. We have limited our
outcome analysis the first year after surgery. 5. Our findings
in a tertiary referral center may not be representative.

In conclusion, this study of the antithrombotic therapy
after surgical AVR with a bioprosthesis permits the follow-
ing conclusions:
1) Antithrombotic regimens vary, even at a single institu-
tion.

2) The risk of cerebral embolic events is low in patients
receiving bioprosthetic AVR.

3) Early and 1-year follow-up results reveal no significant
difference in survival and thromboembolic events
between four antithrombotic regimens (no antithrom-
botic medications, aspirin, oral anticoagulants, and aspi-
rin plus oral anticoagulants).

4) Patients with CAD receiving aortic valve bioprostheses
show benefit from antiplatelet therapy in period of 3
months postoperatively (in the form of reduction of
thromboembolic events).

5) Antiplatelet and anticoagulant therapy were associated
with increased risk of hemorrhage.
6) Atrial fibrillation regardless of therapy, increased the
odds of adverse events (mortality).

7) Anticoagulation and antiplatelet therapy does not appear
to offer benefit in patients without CAD undergoing sur-
gical bioprosthetic AVR.
Author contributions

Anton A. Gryaznov: Writing − Original draft, valida-
tion. Ayman Saeyeldin: Visualization, Investigation.
Mohamed Abdelbaky: Investigation. Mohammad A. Zafar:
Methodology. Maryam Tanweer: Investigation. Mahnoor
Imran: Data Curation. Dimitra Papanikolaou: Data Cura-
tion. Yupeng Li: Software, formal analysis. Bulat A. Zigan-
shin: Project administration, Resources. John A.
Elefteriades: Conceptualization, Supervision, Reviewing
and Editing.
Disclosures

Dr. John Elefteriades sits on the Data and Safety Moni-
toring Board of Terumo, consults for CryoLife, and is a
principal of CoolSpine. The other authors have nothing to
disclose.

1. Lung B, Vahanian A. Epidemiology of valvular heart disease in the
adult. Nat Rev Cardiol 2011;8. 167-162.

2. Sun JC, Davidson MJ, Lamy A, Eikelboom JW. Antithrombotic man-
agement of patients with prosthetic heart valves: current evidence and
future trends. Lancet 2009;374:565–576.

3. Coffey S, Cairns BJ, Iung B. The modern epidemiology of heart valve
disease. Heart 2016;102:75–85.

4. Rahimtoola SH. Choice of prosthetic heart valve in adults an update. J
Am Coll Cardiol 2010;55:2413–2426.

http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0001
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0002
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0003
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0004
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0004


78 The American Journal of Cardiology (www.ajconline.org)
5. Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP 3rd,
Fleisher LA, Jnead H, Mack MJ, McLeod CJ, O’Gara PT, Rigolin
VH, Sundt TM 3rd, Thompson A. 2017 AHA/ACC focused update of
the 2014 AHA/ACC guideline for the management of patients with
valvular heart disease: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on clinical practice
guidelines. J Am Coll Cardiol 2017;70:252–289.

6. Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm PJ, Holm PG,
Iung B, Lancellotti P, Lansac E, Rodriquez Munoz DR, Rosenhek R,
Sjogren J, Tomos Mas PT, Vahanian A, Walther T, Wendler O, WInd-
ecker S, Zamorano JL, ESC Scientific Document Group.
2017 ESC/EACTS guidelines for the management of valvular heart
disease. Rev Esp Cardiol (Engl Ed) 2018;71:110.

7. Baumgartner H, Falk V, Bax JJ, et al. 2017 ESC/EACTS Guidelines
for the management of valvular heart disease. Eur Heart J
2017;38:2739–2791.

8. Gryaznov AA, Saeyeldin A, Abdelbaky M, Zafar MA, Tanweer M,
Imran M, Papanikolaou D, Erben Y, Zefirova J, Ziganshin BA, Elef-
teriades JA. Antithrombotic therapy after bioprosthetic aortic
valve replacement: a therapeutic morass. Cardiology 2018;140:213–
221.

9. Blair KL, Hatton AC, White WD, Smith LR, Lowe JE, Wolfe WG,
Oldham NH, Douglas JR Jr, Glower DD. Comparison of anticoagula-
tion regimens after Carpentier-Edwards aortic or mitral valve replace-
ment. Circulation 1994;90:II214–II2189.

10. Heras M, Chesebro JH, Fuster V, Penny WJ, Grill DE, Bailey KR,
Danielson GK, Orszulak TA, Pluth JR, Puga FJ. High risk of throm-
boemboli early after bioprosthetic cardiac valve replacement. J Am
Coll Cardiol 1995;25:1111–1119.

11. Brennan JM, Edwards FH, Zhao Y, O’Brien Booth ME, Dokholyan
RS, Peterson ED, DEcIDE AVR Research Team. Early anticoagula-
tion of bioprosthetic aortic valves in older patients: results from the
Society of Thoracic Surgeons Adult Cardiac Surgery National Data-
base. J Am Coll Cardiol 2012;60. 97197-7.

12. Aramendi JL, Agredo J, Llorente A, Larrarte C, Pijoan J. Prevention
of thromboembolism with ticlopidine shortly after valve repair
or replacement with a bioprosthesis. J Heart Valve Dis 1998;7:610–
614.

13. Brennan JM, Alexander KP, Wallace A, Hodges AB, Laschinger JC,
Jones KW, O’Brien S, Webb LE, Dokolyan RS, Peterson ED. Patterns
of anticoagulation following bioprosthetic valve implantation: obser-
vations from ANSWER. J Heart Valve Dis 2012;21:78–87.

14. Gherli T, Colli A, Fragnito C, Nicolini F, Borrello B, Saccani S,
D’Amico R, Beghi C. Comparing warfarin with aspirin after biologi-
cal aortic valve replacement: a prospective study. Circulation
2004;110:496–500.

15. Aramendi JI, Mestres CA, Martinez-Leon J, Campos V, Munoz G,
Navas C. Triflusal versus oral anticoagulation for primary prevention
of thromboembolism after bioprosthetic valve replacement (trac):
prospective, randomized, co-operative trial. Eur J Cardiothorac Surg
2005;27:854–860.

16. Moinuddeen K, Quin J, Shaw R, Dewar M, Tellides G, Kopf G, Elef-
teriades J. Anticoagulation is unnecessary after biological aortic valve
replacement. Circulation 1998;98:II95–1198. discussion II98-1199.

17. Rafiq S, Steinbruchel DA, Lilleor NB, Lund JT, Thiis JJ, Kaber L,
Olsen PS. Antithrombotic therapy after bioprosthetic aortic valve
implantation: Warfarin versus aspirin, a randomized controlled trial.
Thromb Res 2017;150:104–110.

18. Sundt TM, Zehr KJ, Dearani JA, Daly RC, Mullany CJ, McGregor
CG, Puga FJ, Osszulak TA, Schaff HV. Is early anticoagulation with
warfarin necessary after bioprosthetic aortic valve replacement? J
Thorac Cardiovasc Surg 2005;129:1024–1031.

19. R Core Team. R: A Language and Environment for Statistical Com-
puting. 3.4.1 ed Vienna, Austria.

20. Colli A, Mestres CA, Castella M, Gherli T. Comparing warfarin to
aspirin (WoA) after aortic valve replacement with the St. Jude medical
epic heart valve bioprosthesis: results of the WoA epic pilot trial. J
Heart Valve Dis 2007;16:667–671.

21. Lee SI, Lee KS, Kim JB, Choo SJ, Chung CH, Lee JW, Jung SH. Early
antithrombotic therapy after bioprosthetic aortic valve replacement in
elderly patients: a single-center experience. Ann Thorac Cardiovasc
Surg 2017;23:128–134.

22. Goldsmith I, Lip GY, Mukundan S, Rosin MD. Experience with low-
dose aspirin as thromboprophylaxis for the Tissuemed porcine aortic
bioprosthesis: a survey of five years’ experience. J Heart Valve Dis
1998;7:574–579.

23. Riaz H, Alansari SA, Khan MS, RIaz T, s Raza, Luni FK Khan AR,
Riaz IB, Krasuski RA. Safety and use of anticoagulation after aortic
valve replacement with bioprostheses: a meta-analysis. Circ Cardio-
vasc Qual Outcomes 2016;9:294–302.

24. Randomised trial of intravenous streptokinase, oral aspirin, both, or
neither among 17,187 cases of suspected acute myocardial infarction:
ISIS-2. ISIS-2 (Second International Study of Infarct Survival) Collab-
orative Group. Lancet 1988;2:349–360.

25. Bell MR, Berger PB, Holmes DR Jr., Mullany CJ, Bailey KR, Gersh
BJ. Referral for coronary artery revascularization procedures after
diagnostic coronary angiography: evidence for gender bias? J Am Coll
Cardiol 1995;25:1650–1955.

26. Graham I, Atar D, Borch-Johnsen K, Boysen G, Burell G, Cifkova R,
Dallongeville J, De Backer G, Ebrahim S, Gjelsvik B, Herrmann-Lin-
gen C, Hoes A, Humphries S, Knapton M, Perk J, Priori SG, Pyorala K,
Reiner Z, Ruilope L, Sans-Menendez S, Op Reimer WS, Weissberg P,
Wood D, Yarnell J, Zamorano JL, ESC Committee for Practice Guide-
lines. European guidelines on cardiovascular disease prevention in clini-
cal practice: executive summary. Atherosclerosis 2007;194:1–45.

27. Force USPST. Aspirin for the prevention of cardiovascular disease:
U.S. Preventive Services Task Force recommendation statement. Ann
Intern Med 2009;150:396–404.

http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0005
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0006
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0007
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0008
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0009
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0010
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0011
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0012
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0013
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0014
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0015
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0016
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0017
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0018
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0019
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0020
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0021
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0022
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0023
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0024
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0025
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0025
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0025
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0025
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0026
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0027
http://refhub.elsevier.com/S0002-9149(20)30494-X/sbref0027
www.ajconline.org

	Nonusefulness of Antithrombotic Therapy After Surgical Bioprosthetic Aortic Valve Replacement
	Methods
	Results
	Disscussion
	Author contributions
	Disclosures


