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Introduction

The patient population requiring valve replacement is 
widely heterogeneous in age, comorbidities, and functional 
status. This adds complexity to decision-making for valve 

selection, particularly with the current availability of 

bioprosthetic, mechanical, and now transcatheter valve 

options. Recent literature has analyzed the effectiveness of 

transcatheter valves in low-risk and younger individuals, 
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highlighting the possibility of a valve-in-valve approach to 
address future structural deterioration (1,2). Mechanical 
valves have historically been favored for younger patients 
due to long-term durability, however, their use necessitates 
lifelong anticoagulation with warfarin which imparts a risk of 
anticoagulation-related adverse events. Anticoagulation for 
mechanical valves requires diligent management to ensure 
patients are within the target international normalized 
ratio (INR) range for their specific valve type since rates 
of valve-related and anticoagulation-related adverse events 
have been correlated to the duration of time spent outside 
the therapeutic range (3). It is unknown whether slight 
deviations in INR may lead to adverse events that nullify 
the benefits associated with the durability of mechanical 
valves. A recent multicenter analysis demonstrated a survival 
benefit for mechanical valves in patients under 55 years 
undergoing mitral valve replacement (MVR) and under  
70 years undergoing aortic valve replacement (AVR) (4). 
Thus, it is imperative to improve understanding of how 
variations in INR may impact survival and complications. 
The aim of this study was to examine anticoagulation-
related events and their impact on longitudinal clinical 
outcomes among patients undergoing mechanical MVR or 
AVR. We present the following article in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2562).

Methods

Study population

We examined adult patients (≥18 years) at our institution 
undergoing mechanical MVR or AVR between 2010–2018. 
Only mechanical valve types with target INR ranges of 2.0–
3.0 for AVR and 2.5–3.5 for MVR were included. Valves 
such as the On-X valve were excluded due to infrequent use 
at our institution and lower suggested therapeutic ranges. 
Patients undergoing concomitant procedures were included. 
Those undergoing double mechanical valve replacement 
(AVR and MVR) were analyzed according to a target 
INR of 2.5–3.5. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
Institutional Review Board at the University of Pittsburgh 
approved this study (MOD18120143-003). Individual 
consent for this retrospective analysis was waived.

Approach to valve selection

Our institutional practice is to favor mechanical valve 

replacement in relatively healthy patients (life expectancy 
after valve surgery of at least 5 years) less than 70 years of 
age for mitral valves and less than 65 years of age for aortic 
valves. This practice stems from our belief in the durability 
advantage of mechanical valves particularly in the mitral 
position, our comfort level and favorable outcomes with 
reoperative valve surgery, and the unknown durability of 
transcatheter valve-in-valve procedures. We approach all 
valve selection discussions with a shared decision-making 
mentality and educate the patient on operative risks, redo 
operative risks versus transcatheter options in the future, 
and risks of anticoagulation.

Post-operative anticoagulation monitoring

Our clinical practice is to obtain daily INRs immediately 
post-operatively during the index hospitalization until the 
level is therapeutic, then biweekly following discharge. 
These values are managed by the surgeon and outpatient 
surgical team until a stable dose has been established. At 
that time, the INR management is transitioned to the 
patient’s primary care provider and INRs are checked 
monthly. Our institution ascribes to the following INR 
parameters outlined by the American Heart Association/
American College of Cardiology (AHA/ACC): 2.0–3.0 
(target 2.5) for AVR and 2.5–3.5 (target 3.0) for MVR (5). 
Additionally, we maintain all patients on aspirin 81 mg.

We reviewed all recorded INRs for each patient in the 
first post-operative year. These values were then stratified 
into five time periods relative to the operative date (0–1, 1–3, 
4–6, 7–9, 10–12 months). We then determined the number 
of patients with at least one recorded INR, stratified by 
valve type (mitral or aortic). For each time period, we 
calculated the median and mean number of INRs recorded 
per patient (5). All patients with at least 5 INRs were then 
stratified into non-therapeutic and therapeutic INR groups. 
For each patient, a percentage of therapeutic INRs was 
determined using the following formula:

Number of INRs within therapeutic rangePercentage of therapeutic INRs = 100%
Total number of INRs

 × 
 

Number of INRs within therapeutic rangePercentage of therapeutic INRs = 100%
Total number of INRs

 × 
 

 [1]

From these calculations, the population median of 
these patient-specific percentage of therapeutic INRs was 
obtained [median 42.86%, interquartile range (IQR): 30.77–
53.95%]. Those patients whose individual therapeutic 
INR percentage fell within the population median and 
IQR (n=329, 50.85%) were categorized as therapeutic 
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while those whose INR fell above or below the population 
median’s IQR (n=318, 49.15%) were categorized as non-
therapeutic.

Statistical analysis

Baseline characteristics are presented as frequency 
(percentage) for categorical variables and mean [standard 
deviation (SD)] or median (IQR) for continuous variables 
based on normality. For categorical variables, Pearson’s Chi-
square test or Fisher’s exact test was utilized for categorical 
comparisons whereas for continuous variables either 
Student’s t-test or Mann Whitney U test were employed. 
Kaplan-Meier analysis was utilized to model overall 
survival. Risk-adjusted long-term survival stratified by valve 
type and INR therapeutic categorization (non-therapeutic 
or therapeutic) was obtained from Cox regression analysis 
utilizing the following variables: age, sex, race, body mass 
index, body surface area, comorbidities, family history of 
coronary artery disease (CAD), New York Heart Association 
(NYHA) classification, cardiac presentation, operative 
status, serum albumin, ejection fraction, antiplatelet or 
anticoagulation use, endocarditis, and first operation or 
reoperation. Freedom from heart failure, stroke, major 
bleeding, arterial thromboembolism, and readmission for 
intravenous heparin were obtained from Cox regression 
models with the aforementioned input variables. The 
associated freedom from event curves were also plotted.

Results

Baseline characteristics

A total of 651 patients underwent mechanical valve 
replacement with 166 (25.5%) undergoing MVR and 485 
(74.5%) undergoing AVR (Table 1). All prosthetic valves 
utilized in either the mitral or aortic position were St. Jude 
mechanical valves (either Masters or Regent series). MVR 
patients were significantly older (62 vs. 59 years, P=0.003), 
were more likely to be female (62.7% vs. 33%, P<0.001), 
and had a higher NYHA classification (P<0.001). There 
were no significant differences in the proportion of patients 
discharged on antiplatelet (P=0.29) or anticoagulation 
(P=0.32) medications. Among AVR patients, 81.9% had 
aortic stenosis (Table S1). Among patients undergoing 
MVR, 79.6% demonstrated either moderate or severe 
mitral regurgitation.

Anticoagulation monitoring

Of the 651 patients, 647 (99.4%) had at least 5 recorded 
INRs and were included in the therapeutic level analysis. 
A median of 27 (IQR: 14–42) INRs were drawn per 
patient in the first post-operative year with a median of 
42.85% (IQR: 30.77–53.95%) of INRs falling within 
the reference range. The majority of non-therapeutic 
INRs were sub-therapeutic (34.51%; n=6,864). The 
percentage of patients with at least one recorded INR 
decreased from 100% in the first month to 60.26% 
and 53.05% by 10–12 months among MVR and AVR 
patients, respectively (Table 2). Depiction of the number 
of INRs below, within, or above the therapeutic range is 
shown for both MVR (Figure 1A) and AVR (Figure 1B).  
Within the first post-operative year, 31.08–43.00% of INRs 
in MVR patients fell within the therapeutic range for the 
3-month intervals whereas for AVR this number ranged 
from 39.45–53.77% (Figure 1). The proportion of sub-
therapeutic INRs ranged from 38.85–44.40% for MVR as 
compared to 21.82–38.62% for AVR.

Post-operative outcomes

By univariate analysis, there were no significant differences 
in operative mortality, post-operative sepsis, reoperation, 
or stroke between MVR and AVR (Table 3). MVR patients 
were more likely to require blood products (49.4% vs. 
24.3%, P<0.001) and prolonged mechanical ventilation 
(15.7% vs. 7%, P=0.001). 

Survival and freedom from event analysis

Median follow-up was 2.72 years (IQR: 1.82–4.52). Overall 
survival was 95.74% at 1-year and 88.49% at 5-year (Figure 2A).  
Adjusted survival at 1- and 5-year was 97.43% and 
91.79% for MVR compared to 98.29% and 94.48% 
for AVR (Figure 2B).  Although MVR patients had 
higher hazards for longer-term mortality [hazard ratio 
(HR): 1.51, 95% confidence interval (CI): 0.77–2.94, 
P=0.23], this did not achieve statistical significance. Risk-
adjusted survival based on patient classification as non-
therapeutic or therapeutic anticoagulation was associated 
with a hazard of 1.12 (95% CI: 0.6–2.09, P=0.73) 
(Figure 3). Risk-adjusted survival at 1-year was 93.18% 
and 98.85% in the non-therapeutic and therapeutic 
groups, respectively, compared to 93.39% and 95.93% 

https://cdn.amegroups.cn/static/public/JTD-20-2562-supplementary.pdf


2877Journal of Thoracic Disease, Vol 13, No 5 May 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(5):2874-2884 | http://dx.doi.org/10.21037/jtd-20-2562

Table 1 Baseline and operative characteristics for patients undergoing mechanical MVR or AVR

Variables Overall (n=651) Mitral valve (n=166) Aortic valve (n=485) P value

Age (years) 60 [53–65] 62 [55–68] 59 [53–64] 0.003

Sex, n (%) <0.001

Male 387 (59.4) 62 (37.3) 325 (67.0)

Female 264 (40.6) 104 (62.7) 160 (33.0)

Race, n (%) 0.82

Caucasian 586 (90.02) 149 (89.76) 437 (90.10)

African American 50 (7.68) 14 (8.43) 36 (7.42)

Other 15 (2.30) 3 (1.81) 12 (2.47)

Median income (US dollars) 47808 [40,813–55,370] 47808 [40,097–57,052] 47808 [41,316–54,890] 0.804

Body mass index (kg/m2) 29.4 (25.7–34.5) 27.7 (24.0–32.3) 29.8 (26.2–34.9) 0.003

Diabetes, n (%) 193 (29.6) 54 (32.5) 139 (28.7) 0.35

Hypertension, n (%) 501 (77.0) 128 (77.1) 373 (76.9) 0.96

Chronic obstructive pulmonary disease, n (%) 155 (23.8) 55 (33.1) 100 (20.6) 0.001

Family history of CAD, n (%) 96 (14.7) 23 (13.9) 73 (15.1) 0.71

Dyslipidemia, n (%) 432 (66.4) 106 (63.9) 326 (67.2) 0.44

Dialysis, n (%) 17 (2.6) 4 (2.4) 13 (2.7) 0.85

Immunosuppressed, n (%) 58 (8.9) 16 (9.6) 42 (8.7) 0.70

Prior mediastinal radiation, n (%) 22 (3.4) 12 (7.2) 10 (2.1) 0.001

Peripheral vascular disease, n (%) 79 (12.1) 20 (12.0) 59 (12.2) 0.96

CVD, n (%) 131 (20.1) 55 (33.1) 76 (15.7) <0.001

Atrial fibrillation, n (%) 149 (22.9) 73 (44.0) 76 (15.7) <0.001

Previous CABG, n (%) 52 (8.0) 22 (13.3) 30 (6.2) 0.004

Previous valve surgery, n (%) 123 (18.9) 55 (33.1) 68 (14.0) <0.001

Previous PCI, n (%) 89 (13.7) 27 (16.3) 62 (12.8) 0.24

Previous MI, n (%) 159 (24.4) 40 (24.1) 119 (24.5) 0.91

Prior heart failure, n (%) 208 (32.0) 82 (49.4) 126 (26.0) <0.001

NYHA Class, n (%) <0.001

I 405 (62.2) 69 (41.6) 336 (69.3)

II 38 (5.8) 7 (4.2) 31 (6.4)

III 135 (20.7) 55 (33.1) 80 (16.5)

IV 73 (11.2) 35 (21.1) 38 (7.8)

Cardiac presentation, n (%) <0.001

No symptoms 253 (38.9) 50 (30.1) 203 (41.9)

Unlike ischemia 48 (7.4) 14 (8.4) 34 (7.0)

Stable angina 41 (6.3) 5 (3.0) 36 (7.4)

Table 1 (continued)



2878 Huckaby et al. Mechanical valve anticoagulation variability outcomes

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(5):2874-2884 | http://dx.doi.org/10.21037/jtd-20-2562

Table 1 (continued)

Variables Overall (n=651) Mitral valve (n=166) Aortic valve (n=485) P value

Unstable angina 63 (9.7) 7 (4.2) 56 (11.5)

NSTEMI 32 (4.9) 9 (5.4) 23 (4.7)

STEMI 3 (0.5) 1 (0.6) 2 (0.4)

Angina equivalent 1 (0.2) 1 (0.6) 0 (0.0)

Other 210 (32.3) 79 (47.6) 131 (27.0)

Status, n (%) <0.001

Elective 442 (67.9) 86 (51.8) 356 (73.4)

Urgent 196 (30.1) 73 (44.0) 123 (25.4)

Emergent or salvage 13 (2.0) 7 (4.2) 6 (1.2)

Median STS mortality (%) 1.7 (1.0–3.6) 4.2 (2.6–7.3) 1.5 (0.9–2.5) <0.001

Median STS stroke (%) 1.1 (0.7–1.7) 1.8 (1.3–2.9) 0.9 (0.7–1.5) <0.001

Serum albumin 3.8 (3.5–4.1) 3.6 (3.2–3.9) 3.9 (3.6–4.2) <0.001

Creatinine 1.0 (0.8–1.2) 1.0 (0.8–1.3) 0.96 (0.8–1.1) 0.180

Ejection fraction 58 [53–63] 58 [50–60] 58 [55–63] 0.005

Bypass time 128 [93–173] 154 [112–203] 121 [91–161] <0.001

Cross clamp time 97.5 [70–134] 108 [73–153] 92 [68–124] 0.001

Operation type, n (%)

Aortic root replacement 95 (14.6) 0 (0.0) 95 (19.6)

AVR with CABG 88 (13.5) 0 (0.0) 88 (18.1)

MVR with CABG 15 (2.3) 15 (9.0) 0 (0.0)

Double valve 105 (16.1) 67 (40.4) 38 (7.8)

Isolated AVR 261 (40.1) 0 (0.0) 261 (53.8)

Isolated MVR 80 (12.3) 80 (48.2) 0 (0.0)

Triple valve 7 (1.1) 4 (2.4) 3 (0.6)

Medication at discharge, n (%)

Antiplatelet 618 (94.9) 155 (93.4) 463 (95.5) 0.290

Anticoagulation 642 (98.6) 165 (99.4) 477 (98.4) 0.320

Length of stay (days) 7 [5–12] 10 [7–17] 7 [5–10] <0.001

Pre-op IABP, n (%) 5 (0.8) 4 (2.4) 1 (0.2) 0.005

MVR, mitral valve replacement; AVR, aortic valve replacement; CAD, coronary artery disease; CVD, cerebrovascular disease; CABG, 
coronary artery bypass grafting; PCI, percutaneous coronary intervention; MI, myocardial infarction; NYHA, New York Heart Association; 
NSTEMI, non-STEMI; STEMI, ST elevation myocardial infarction; STS, Society of Thoracic Surgeons; IABP, intra-aortic balloon pump.
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at 5-year. One-year event rates are shown (Table S2).  
Additionally, all-cause mortality and readmission rates are 
shown for the non-therapeutic and therapeutic groups, 
stratified by valve position (Table S3). In the event analysis, 
only heart failure readmission was associated with a greater 
hazard in the non-therapeutic group (HR: 1.21, 95% 
CI: 1.13–1.29, P<0.001) (Figure 4A). Adjusted HRs for 
stroke (HR: 1.83, 95% CI: 0.90–3.73, P=0.09, Figure 4B) 
and readmission for intravenous heparin (HR: 1.44, 95% 
CI: 0.92–2.25, P=0.11, Figure S1) were not significantly 
different. Freedom from bleeding (Figure S2A) and non-
stroke arterial thromboembolism (Figure S2B) curves are 
also shown.

Conclusions

In this retrospective single-center analysis of patients 
undergoing mechanical valve replacement, we demonstrate 
comparable risk-adjusted survival and clinical outcomes 
when stratifying patients based on degree of therapeutic 
INRs in the first post-operative year. We found that less 
than half of INRs fell within the therapeutic range, with 
AVR patients more commonly achieving therapeutic levels. 
INRs outside of the normal range were more commonly 
sub-therapeutic, particularly in the MVR cohort. When 
stratified into therapeutic and non-therapeutic groups, the 
rates of thromboembolic events and bleeding at 1-year 
were comparable. Thus, despite variability in INRs, slight 

Table 2 INR follow-up after mechanical valve replacement

Time (months) 0–1 1–3 4–6 7–9 10–12 Total

Mitral valve

Patients at risk 166 164 158 154 151

Patients with at least one INR, n (%) 166 (100.00) 129 (78.66) 99 (62.66) 88 (57.14) 91 (60.26) 166

Number of INRs per patient, median [IQR] 14 [11–19] 8 [4–11] 8 [4–13] 7 [4–13] 8 [4–13] 33.5 [18–52]

Number of INRs per patient, mean (SD) 15 (5.90) 9.56 (8.16) 9.80 (6.96) 8.85 (6.42) 9.03 (7.16) 37.92 (24.92)

Aortic valve

Patients at risk 485 482 480 477 475

Patients with at least one INR, n (%) 485 (100.00) 365 (75.73) 263 (54.79) 246 (51.57) 252 (53.05) 485

Number of INRs per patient, median [IQR] 12 [8–15] 5 [3–8] 6 [4–9] 5 [4–9] 5 [3–8] 24 [13–38]

Number of INRs per patient, mean (SD) 12.11 (5.63) 6.60 (6.19) 7.36 (5.60) 6.84 (5.25) 6.73 (6.04) 28.04 (19.45)

INR, international normalized ratio; IQR, interquartile range; SD, standard deviation.

Figure 1 Post-operative INR values for time periods of 0–1, 1–3, 4–6, 7–9, and 10–12 months from the operative date are shown for MVR (A) 
and AVR (B). INR, international normalized ratio; MVR, mitral valve replacement; AVR, aortic valve replacement.

A BPost-operative INR range: mitral valve cohort

Months Months
Below    Normal     Above Below    Normal     Above

0–1                    1–3                    4–6                   7–9                  10–12 0–1                    1–3                    4–6                   7–9                  10–12
Above        24.70%               21.74%            17.84%             15.15%             17.03% Above         21.93%             20.46%            22.74%              23.23%              25.29%
Normal         31.08%                 39.42%              38.45%               43.00%               38.56% Normal       39.45%             53.05%             51.11%             53.77%               52.89%

Below         44.22%              38.85%            43.71%             41.85%             44.40% Below         38.62%             26.48%             26.15%             22.99%               21.82%

Post-operative INR range: aortic valve cohort
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Table 3 Post-operative outcomes after mechanical valve replacement

Variables Overall (n=651) Mitral valve (n=166) Aortic valve (n=485) P value

Operative mortality 4 (0.6) 1 (0.6) 3 (0.6) 0.98

Post-op transfusion 200 (30.7) 82 (49.4) 118 (24.3) <0.001

Sepsis 4 (0.6) 1 (0.6) 3 (0.6) 0.98

Deep sternal infection 0 (0.0) 0 (0.0) 0 (0.0) –

Reoperation 55 (8.4) 17 (10.2) 38 (7.8) 0.34

Reoperation for bleeding 31 (4.8) 9 (5.4) 22 (4.5) 0.64

Stroke etiology 0.92

None 638 (98.0) 163 (98.2) 475 (97.9)

Any type 3 (0.5) 1 (0.6) 2 (0.4)

Hemorrhagic 0 (0.0) 0 (0.0) 0 (0.0)

Ischemic 9 (1.4) 2 (1.2) 7 (1.4)

Undetermined 1 (0.2) 0 (0.0) 1 (0.2)

Prolonged ventilation 60 (9.2) 26 (15.7) 34 (7.0) 0.001

Pneumonia 23 (3.5) 9 (5.4) 14 (2.9) 0.13

Data are shown as number (percentage).

Figure 2 Kaplan-Meier analysis for overall survival among patient undergoing mechanical valve replacement, both MVR and AVR (A). 
Survival, adjusted for comorbidities and stratified by valve type (B), with the associated HR for MVR in relation to AVR. AVR, aortic valve 
replacement; HR, hazard ratio; MVR, mitral valve replacement; CI, confidence interval.
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deviation outside the recommended therapeutic range, 
which is likely transient in nature, does not appear to 
contribute to worse outcomes.

Within the first post-operative year, only about half 
of INRs in AVR patients fell within the target range and 
these percentages were lower for MVR patients. This 
highlights the difficulty in attaining recommended INR 
targets, particularly among MVR patients (6). Time in the 
therapeutic range has been utilized to assess the relationship 
between anticoagulation and adverse outcomes, however, 

other studies have demonstrated that INR variability, 
as measured by the SD of the INR, may be a better 
predictor of mortality and complication rates (3,7,8). These 
analytical approaches underscore the accepted difficulty in 
maintaining target INRs. INR self-management, including 
self-monitoring and/or self-dosing, has demonstrated safety 
and feasibility, though a meta-analysis of patients managed 
with coumadin for any indication did not demonstrate a 
reduction in mortality (9-12). Our findings of a relatively 
consistent number of INR levels throughout the first post-
operative year reflect provider attentiveness to the INR 
variability. It is possible that the convenience associated with 
INR self-monitoring, with dosing instructions provided by 
practitioners, would improve target INR percentages; this is 
a strategy we are currently trialing for selected patients.

We did not find an association between 1-year rates of 
adverse events when comparing patients with a greater 
proportion of therapeutic INRs in relation to those with 
more INR variability outside the therapeutic range. The 
exception to this was heart failure readmission, which 
was associated with an elevated hazard for those in the 
non-therapeutic group. These results are concordant 
with published work which has demonstrated a low risk 
of thromboembolic complications among patients with 
previously stable INR values (13). Multiple studies have 
explored the safety of targeting a lower INR range for 
mechanical valve patients and have demonstrated similar 
rates of thromboembolic events with an INR target of 
1.5–2.5 for AVR and 2–2.5 for MVR (14,15). We found 

Figure 3 Kaplan-Meier analysis for risk-adjusted survival, stratified 
by non-therapeutic or therapeutic classification. CI, confidence 
interval.

Figure 4 Freedom from heart failure readmission (A) and stroke (B), adjusted for comorbidities and stratified by categorization as non-
therapeutic or therapeutic INR. INR, international normalized ratio; CI, confidence interval.
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that non-therapeutic INR levels were more often sub-
therapeutic and did not demonstrate an association between 
patients with more non-therapeutic levels and rates of 
thromboembolism. These comparable outcomes may be 
partially attributable to concomitant use of aspirin in our 
patients, which has been associated with a lower rate of 
thromboembolism (16). Nevertheless, studies reporting 
increased risk of thromboembolism associated with time 
outside of the current recommended INR ranges have 
tampered enthusiasm for universal adoption of these lower 
targets (3,8). Despite the conflicting nature of the available 
evidence, our findings of comparable thromboembolic 
events among those with therapeutic and non-therapeutic 
INRs suggest it may be reasonable for future, randomized 
studies to evaluate more flexible INR parameters.

In addition to comparable rates of adverse events, 
we found no association between overall survival and 
classification as therapeutic or non-therapeutic. Others 
have reported an association between deviance from 
target INR levels and death, though confounding between 
comorbidities and ability to reach a therapeutic INR may 
bias these results (17). In the LOWERING-IT mechanical 
AVR trial which randomized patients to a target INR of 
1.5–2.5 (n=197) versus the standard 2.0–3.0 (n=199), after 
a median follow-up of 5.6 years there were only two deaths 
(1 thrombotic event, 1 hemorrhagic cerebral event), both of 
which were in the standard INR group (14). Nevertheless, 
current practice guidelines do not provide recommendations 
on mechanical or bioprosthetic valve choices in patients 
between the ages of 50–70 years, which leads to complex 
decision-making that requires the surgeon to weigh the risk 
of anticoagulation-related events with valve durability (5).

Survival after mechanical as compared to bioprosthetic 
valves has recently been evaluated by Goldstone et al. who 
found a mortality benefit for mechanical AVR up to 70 years 
and for mechanical MVR up to 55 years when compared 
to biologic prostheses (4). As expected, the authors found 
higher rates of bleeding and stroke among patients with 
a mechanical valve and higher rates of reoperation, 
especially in younger patients, with a bioprosthetic valve (4).  
Thus, for select age groups, mechanical valve durability 
outweighs the risks of anticoagulation-related adverse 
events, suggesting that attempts to further minimize these 
occurrences, potentially through novel anticoagulation 
drugs or improved consistency in achieving therapeutic 
INR levels, may further broaden the survival benefit 
of mechanical valves. The mortality impacts of newer 
transcatheter aortic bioprosthetic valves, when compared 

to mechanical valves in low-risk populations under  
70 years, have yet to be evaluated. Improved understanding 
of the long-term outcomes in younger patients undergoing 
bioprosthetic valve implantation with subsequent valve-in-
valve replacement, as compared to initial mechanical valve 
implantation, will help to elucidate the relative risks and 
benefits of either approach.

This study has several limitations. As patients were 
identified retrospectively, we were unable to account for 
decision-making leading to the choice for mechanical valve 
replacement thus this population likely represents a selected 
cohort who were determined preoperatively to tolerate 
long-term anticoagulation. A randomized trial would 
reduce potential biases in valve selection. We also do not 
have data to explore long-term hemodynamic performance 
of the valve in relation to anticoagulation targets nor do we 
have data on the specific cause of death. Additionally, we 
acknowledge that after INR levels have stabilized, many 
patients transition anticoagulation monitoring to their 
primary care providers who may be outside our hospital 
system. Obtaining INR values at all time points for some 
of these patients was therefore challenging, and in addition 
there was no standardization in time intervals for obtaining 
INRs. We felt that it was pertinent to report 5-year 
outcomes although we acknowledge that we only analyzed 
INR variability in the first post-operative year. Although 
there is a possibility of readmission or clinical events that 
occurred outside our hospital network and therefore were 
not captured, we have performed internal quality control 
analyses and have found that over 90% of such events are 
captured in our data management system, likely related to 
our 40-hospital regional network and the fact that most of 
our patients are covered under our system’s health insurance 
plan. Furthermore, we could not adjust for all factors that 
may have contributed to INR management, such as holding 
anticoagulation for procedures. Finally, granular details of 
the time sequence of non-therapeutic INRs and clinical 
events was not analyzed. In this respect, it is unclear if a 
non-therapeutic INR led to stroke, for example, or if the 
patient developed a stroke while therapeutic and their 
anticoagulation was held.

We report our experience with mechanical MVR and 
AVR anticoagulation in 651 patients and demonstrate no 
difference in longitudinal survival or risk of stroke, major 
bleeding, thromboembolism, or readmission for intravenous 
heparin based on the degree of therapeutic INRs in the 
first post-operative year. These data serve to alleviate some 
concern about the clinical impact of INR fluctuation, which 
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is common among patients with mechanical valves. Future 
research endeavors targeting methods to ensure more 
consistent INRs and investigating the potential to expand 
the currently recommended INR therapeutic ranges are 
warranted.
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Table S1 Valve hemodynamic characteristics and pathophysiology

Variables Overall (n=651) Mitral valve (n=166) Aortic valve (n=485) P value

Aortic valve insufficiency <0.001

None 97 (14.9) 45 (27.1) 52 (10.7)

Trace 101 (15.5) 36 (21.7) 65 (13.4)

Mild 154 (23.7) 32 (19.3) 122 (25.2)

Moderate 117 (18.0) 16 (9.6) 101 (20.8)

Severe 146 (22.4) 10 (6.0) 136 (28.0)

Unknown 36 (5.5) 27 (16.3) 9 (1.9)

Aortic valve stenosis 444 (68.2) 47 (28.3) 397 (81.9) <0.001

Aortic valve etiology 0.107

Degenerative 557 (85.6) 142 (85.5) 415 (85.6)

Endocarditis 21 (3.2) 3 (1.8) 18 (3.7)

Rheumatic 17 (2.6) 7 (4.2) 10 (2.1)

Primary aortic disease 10 (1.5) 0 (0.0) 10 (2.1)

Other 46 (7.1) 14 (8.4) 32 (6.6)

Bicuspid aortic valve 218 (33.5) 7 (4.2) 211 (43.5) <0.001

Mitral valve insufficiency <0.001

None 29 (4.5) 1 (0.6) 28 (5.8)

Trace 175 (26.9) 8 (4.8) 167 (34.4)

Mild 205 (31.5) 24 (14.5) 181 (37.3)

Moderate 82 (12.6) 28 (16.9) 54 (11.1)

Severe 124 (19.0) 104 (62.7) 20 (4.1)

Not documented 36 (5.5) 1 (0.6) 35 (7.2)

Mitral valve stenosis 116 (17.8) 101 (60.8) 15 (3.1) <0.001

Mitral valve etiology <0.001

Degenerative 298 (45.8) 58 (34.9) 240 (49.5)

Endocarditis 8 (1.2) 7 (4.2) 1 (0.2)

Rheumatic 149 (22.9) 60 (36.1) 89 (18.4)

Ischemic 76 (11.7) 25 (15.1) 51 (10.5)

Congenital 1 (0.2) 1 (0.6) 0 (0.0)

Other 119 (18.3) 15 (9.0) 104 (21.4)

Data are shown as number (percentage).
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Table S2 Outcomes in patients who survived at least 1-year following the index operation, stratified by anticoagulation

Variables Overall (n=622) Non-therapeutic (n=299) Therapeutic (n=323) P value

Death 31 (5.0) 15 (5.0) 16 (5.0) 0.971

Readmission 282 (45.3) 152 (50.8) 130 (40.3) 0.008

Heart failure readmission 113 (18.2) 69 (23.1) 44 (13.6) 0.002

Hemorrhagic stroke 11 (1.8) 6 (2.0) 5 (1.6) 0.665

Ischemic stroke 27 (4.3) 18 (6.0) 9 (2.8) 0.048

Transient ischemic attack 4 (0.6) 2 (0.7) 2 (0.6) 0.938

Bleeding event 4 (0.6) 3 (1.0) 1 (0.3) 0.280

Non-stroke thromboembolism 3 (0.5) 2 (0.7) 1 (0.3) 0.518

Readmission for heparin 96 (15.4) 56 (18.7) 40 (12.4) 0.029

Data are shown as number (percentage).

Table S3 Post-operative outcomes in the non-therapeutic and therapeutic groups, stratified by valve position

Variables Non-therapeutic Therapeutic P value

Mitral valve N=122 N=43

Mortality 18 (14.75) 5 (11.63) 0.61

Any readmission 75 (61.48) 20 (46.51) 0.09

Readmission category

Heart failure 49 (40.16) 11 (25.58) 0.09

Hemorrhagic stroke 5 (4.10) 1 (2.33) 0.59

Ischemic stroke 8 (6.56) 3 (6.98) 0.92

Transient ischemic attack 2 (1.64) 0 (0.00) 0.40

Bleeding 3 (2.46) 0 (0.00) 0.30

Thromboembolism 1 (0.82) 0 (0.00) 0.55

Need for heparin 32 (26.23) 5 (11.63) 0.05

Aortic valve N=196 N=286

Mortality 16 (8.16) 17 (5.94 0.34

Any readmission 88 (44.90) 113 (39.51) 0.24

Readmission category

Heart failure 25 (12.76) 36 (12.59) 0.96

Hemorrhagic stroke 3 (1.53) 4 (1.40) 1.00

Ischemic stroke 11 (5.61) 7 (2.45) 0.09

Transient ischemic attack 0 (0.00) 2 (0.70) 0.70

Bleeding 1 (0.51) 1 (0.35) 1.00

Thromboembolism 1 (0.51) 1 (0.35) 1.00

Need for heparin 32 (16.33) 35 (12.24) 0.02

Data are shown as number (percentage).
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Figure S1 Freedom from readmission for IV heparin in patients classified as non-therapeutic or therapeutic based on number of INR levels 
within the therapeutic range. HRs for the non-therapeutic INR group with associated 95% CIs and P values are shown in the table in the 
inset. IV, intravenous; INR, international normalized ratio; HR, hazard ratio; CI, confidence interval.

Figure S2 Freedom from non-stroke peripheral arterial thromboembolism (A) and major bleeding (B) in patients classified as non-
therapeutic or therapeutic based on number of INR levels within the therapeutic range. INR, international normalized ratio.
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