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 Outcomes of valve replacement withmechanical prosthesis

versus bioprosthesis in dialysis patients: A 16-year
multicenter experience
Yuki Ikeno, MD,a Nobuhiko Mukohara, MD,b Yoshiaki Fukumura, MD,c Satoshi Tobe, MD, PhD,d

Kunio Gan, MD,e Hidefumi Obo, MD, PhD,f Kazunori Yoshida, MD, PhD,g and Yutaka Okita, MD, PhDa
ABSTRACT

Objective: To evaluate the long-term outcomes of heart valve replacement with
mechanical prosthesis (MP) versus bioprosthesis (BP) in patients on dialysis.

Methods: A retrospective review was performed at 7 hospitals. Patients on dial-
ysis who underwent valve replacement were included. Survival, reoperation,
bleeding, and embolic events were compared across the MP and BP groups.

Results: Between April 2000 and April 2016, 312 patients on dialysis were
enrolled in our study (MP: 94 patients [30.1%], BP: 218 patients [69.9%]).
Mean follow-up was 3.4 � 3.6 years. Five-year and 10-year survival rates were
similar in both groups (MP: 57.4� 5.5% at 5 years and 46.3� 6.4% at 10 years,
BP: 50.2� 4.1% at 5 years and 38.8� 4.5% at 10 years, P¼ .305). Multivariate
Cox hazard analysis demonstrated that diabetic nephropathy (hazard ratio [HR],
1.90; 95% confidence interval [CI], 1.31-2.73, P<.001), New York Heart Asso-
ciation functional classification �III (HR, 2.16; 95% CI, 1.37-3.35, P ¼ .001),
and mitral valve replacement (HR, 2.36; 95% CI, 1.58-3.49, P<.001) were sig-
nificant risk factors for late death. Valve selection was not a significant risk factor.
Freedom from valve-related embolic event at 5 years was significantly lower in
the MP group (MP: 88.3 � 4.3% at 5 years, BP: 97.2 � 1.6% at 5 years,
P ¼ .007). Freedom from valve-related reoperation or hemorrhagic events was
similar across both groups.

Conclusions: Valve selection was not associated with late survival outcomes in
patients on dialysis. However, BP may have an advantage in preventing embolic
events without increasing the incidence of valve-related reoperation when
compared with MP. (J Thorac Cardiovasc Surg 2019;158:48-56)
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Central Message

Survival was similar across patients on dialysis

who received mechanical prosthesis and bio-

prosthesis valve replacement. Bioprosthetic

valves had an advantage of decreasing embolic

events.
Perspective

Patients on dialysis with bioprosthetic valves

had a lower risk of embolic events, although

there was no significant difference between

bioprosthetic valves and mechanical valves in

regard to late survival, reoperation, or bleeding

events. The use of bioprosthetic valves may

reduce the burden of anticoagulation in high-

risk patients.
See Commentaries on pages 57 and 59.
The number of patients with end-stage renal disease
requiring hemodialysis has increased in incidence over
the past several years. In Japan, more than 300,000 patients
with end-stage renal disease underwent hemodialysis in
2013, in comparison with the 100,000 patients requiring he-
modialysis in the early 1990s.1 In addition, a greater portion
of the elderly patients are expected to be on hemodialysis in
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Abbreviations and Acronyms
AVR ¼ aortic valve replacement
BP ¼ bioprosthetic valve
CI ¼ confidence interval
DVR ¼ combined valve replacement of aortic

valve and mitral valve
GI ¼ gastrointestinal
HR ¼ hazard ratio
MP ¼ mechanical valve
MVR ¼ mitral valve replacement
NYHA ¼ New York Heart Association
SVD ¼ structural valve deterioration
SVR ¼ surgical valve replacement
TAVR ¼ transcatheter aortic valve replacement
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the next decade, in line with the development of an aging
society.2

Patients on dialysis are at a high risk for cardiovascular
diseases such as calcified cardiac valves and arteries.3-5

Cardiovascular death was the most common cause of
death among patients on dialysis in Japan in 2013
(26.8%). Valve replacement has been reported to improve
the survival of this patient population, even in high-risk pa-
tients.6 However, prosthetic valve selection in patients on
dialysis remains controversial. The survival following heart
valve replacement in patients on dialysis is decreased in
comparison with patients not on dialysis.7,8 The annual
mortality rates of patients on dialysis in Japan has
remained consistent at 9% to 10%.1

Although mechanical valves (MPs) are associated with
an increased risk of thromboembolism and bleeding com-
plications due to anticoagulation therapy, bioprosthetic
valves (BPs) are associated with a shorter durability of the
valve secondary to rapid calcification or structural deterio-
ration.9 The latest 2014 American Heart Association/Amer-
ican College of Cardiology guidelines for the management
of patients with valvular heart disease do not include spe-
cific recommendation regarding the valve selection for pa-
tients on dialysis.10

Few studies exist that compare MP with BP in patients on
dialysis.11 The purpose of this study is to retrospectively
evaluate outcomes in patients on dialysis following heart
valve replacement with MP versus BP at multiple centers
in Japan.
PATIENTS AND METHODS
Study Design

A retrospective review was performed at Kobe University and 6 affil-

iate hospitals (Hyogo Brain and Heart Center at Himeji, Tokushima Red

Cross Hospital, Akashi Medical Center, Kita-Harima Medical Center,

Kakogawa City Hospital, and Nishinomiya Watanabe Cardiovascular

Center). Patients on dialysis who underwent valve replacement (aortic

valve replacement [AVR], mitral valve replacement [MVR], or
The Journal of Thoracic and C
combined valve replacement of AVR and MVR [DVR]) were included.

We compared survival, reoperation, bleeding, and incidence of embolic

events between the MP and BP groups. The Japanese guidelines recom-

mend valve selection based on patient age.12 In both AVR and MVR, pa-

tients younger than 65 years old were implanted with MP, whereas

patients with 65 years old and greater were implanted with BP. In the

MP group, the optimal international normalized ratio was set for<2.5

in patients receiving AVR and <3.0 in patients receiving MVR or

DVR. In the BP group, anticoagulation therapy was indicated during

the first 3 months following operation. However, the details of prosthetic

valve selection and anticoagulation therapy were made by each hospital.

Clinical outcomes were compared across both groups, including overall

survival, valve-related reoperation, bleeding events, and embolic events.

This study protocol was reviewed and approved by the institutional re-

view board in each hospital. An informed consent waiver was granted.

Definitions of Clinical Outcomes
Structural valve deterioration (SVD) was defined as leaflet stiffening,

calcification, reduced effective orifice area, or regurgitation.13 Valve-

related reoperation was defined as valve surgery for SVD, pannus prolifer-

ation, prosthetic valve endocarditis, and prosthetic valve thrombosis.

Statistical Analysis
All continuous variables are expressed as the mean� standard deviation

or the median with interquartile range (25th-75th percentile). Categorical

variables are expressed as the number (%) of patients. Categorical vari-

ables and continuous variables were analyzed using the c2 test and Student

t test. The values of overall survival, freedom from valve-related death,

freedom from bleeding events, and freedom from embolic events were

computed using the Kaplan–Meier methods and are expressed as the

rate � standard error. P values<.05 were considered statistically signifi-

cant differences. Univariate risk factor analysis of overall survival was per-

formed on the cumulative incidence function using Cox regression and

hazard ratio (HR) with 95% confidence interval (CI). A P value<.05 in

the univariate analysis was defined for the selection variables for multivar-

iate regression analysis of overall survival. Age, sex, and valve selection

were included into the model to account for confounding factors. The sur-

vival of patients on general dialysis was obtained by the Japanese dialysis

population life-table available from the Japanese Society of Dialysis Ther-

apy,14 and matching the duration of hemodialysis with the present cohort

(11.0 � 8.6 years). All data analyses were performed with JMP 11.0 soft-

ware (SAS Institute, Cary, NC).
RESULTS
Study Population
From April 2000 to April 2016, 312 patients requiring

chronic hemodialysis underwent valve replacement at
Kobe University (n ¼ 82) and 6 affiliate hospitals (Hyogo
Brain and Heart Center at Himeji [n ¼ 79], Tokushima
Red Cross Hospital [n ¼ 79], Akashi Medical Center
[n¼ 30], Kita-Harima Medical Center [n¼ 19], Kakogawa
City Hospital [n¼ 17], and Nishinomiya Watanabe Cardio-
vascular Center [n ¼ 6]). Follow-up data were obtained by
clinical visit, telephone, or written correspondence. A total
of 16 patients were lost to follow-up during the study
period. Follow-up completeness rate was 94.9%. The
mean follow-up period was 3.4 � 3.6 years (median
2.5 years, range 0-15.0 years). Patients were classified
into 2 groups according to valve prostheses, either MP (94
patients [30.1%]), or BP (218 patients [69.9%]).
ardiovascular Surgery c Volume 158, Number 1 49



TABLE 1. Preoperative patient characteristics

Variables

Whole Mechanical Bioprosthetic

P value(n ¼ 312) (n ¼ 94) (n ¼ 218)

Age, y 67.7 � 9.6 58.6 � 9.3 71.7 � 6.5 <.001*

Female sex 126 (40.4) 32 (34.0) 94 (43.1) .132

BSA, m2 1.51 � 0.18 1.50 � 0.21 1.51 � 0.17 .625

Duration of hemodialysis, y 11.0 � 8.6 15.3 � 10.9 10.0 � 7.7 .006*

Diabetic nephropathy 121 (38.8) 41 (43.6) 80 (36.7) .252

Insulin use 48 (15.3) 21 (22.3) 27 (12.4) .030*

Hypertension 210 (67.3) 60 (63.8) 150 (68.8) .839

Dyslipidemia 60 (19.2) 21 (22.3) 39 (17.9) .365

Previous stroke 68 (21.8) 17 (18.1) 51 (23.4) .291

Carotid artery stenosis 19 (6.1) 3 (3.2) 16 (7.3) .137

COPD 45 (14.4) 12 (12.8) 33 (15.1) .581

Atrial fibrillation 36 (11.5) 10 (10.6) 26 (11.9) .742

Coronary artery disease 135 (43.2) 37 (39.4) 98 (45.0) .851

Peripheral artery disease 49 (15.7) 12 (12.8) 37 (17.0) .867

Active IE 23 (7.3) 14 (14.9) 9 (4.1) .002*

NYHA �III 68 (21.8) 17 (18.1) 51 (23.4) .291

IABP 26 (8.3) 6 (6.4) 20 (9.2) .852

PCPS 9 (2.9) 3 (3.2) 6 (2.8) .833

Intubated 32 (10.3) 10 (10.6) 22 (10.1) .884

Elective surgery 232 (74.4) 70 (74.5) 162 (74.3) .977

Ejection fraction, % 52.5 � 15.7 58.8 � 13.3 50.7 � 15.9 .009*

STS score, % 15.5 � 15.2 11.5 � 11.5 16.5 � 16.0 .215

EuroSCORE II, % 11.2 � 13.8 7.7 � 10.4 12.3 � 14.5 .151

Japan Score (30-d mortality, %) 19.6 � 20.5 15.4 � 18.5 20.8 � 21.0 .256

Japan Score (30-d mortality þ major morbidity, %) 39.1 � 20.7 35.6 � 23.2 40.1 � 19.9 .342

BSA, Body surface area; COPD, chronic obstructive pulmonary disease; IE, infective endocarditis; NYHA, New York Heart Association functional classification; IABP, intra-

aortic balloon pumping; PCPS, percutaneous cardiopulmonary support; STS, Society of Thoracic Surgeons; EuroSCORE II, European System for Cardiac Operative Risk Eval-

uation II. *P<.05.
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Patient Characteristics
Preoperative patient characteristics are shown in Table 1.

The details of valve selection are summarized in Table E1.
The BP group included older patients (MP:
58.6� 9.3 years, BP: 71.7� 6.5 years, P<.001). The dura-
tion of hemodialysis was significantly longer in the MP
group (MP: 15.3 � 10.9 years, BP: 10.0 � 7.7 years,
P ¼ .006). Furthermore, a significant number of patients
with insulin use (MP: 22.3%, BP: 12.4%, P ¼ .030) and
active infective endocarditis (MP: 14.9%, BP: 4.1%,
P ¼ .002) were found in the MP group. Preoperative ejec-
tion fraction was greater in the MP group (MP:
58.8 � 13.3%, BP: 50.7 � 15.9%, P ¼ .009). Other vari-
ables, including the Society of Thoracic Surgeons risk score
(15.5� 15.2), European System for Cardiac Operative Risk
Evaluation II (11.2 � 13.8%), and Japan Score
(19.6 � 20.5%) of 30-day mortality were similar in both
MP and BP groups.
50 The Journal of Thoracic and Cardiovascular Surge
Operative data are shown in Table 2. In the entire cohort,
228 patients (73.1%) underwent AVR, including 35 pa-
tients who underwent concomitant mitral valve repair.
MVR was performed in 57 patients (18.3%). DVR was
performed in 27 patients (8.7%). Significantly more pa-
tients underwent AVR using BP (MP: 45 patients
[47.9%], BP: 183 patients [83.9%], P< .001), whereas
MP was used more frequently in MVR (MP: 34 patients
[36.2%], BP: 23 patients [10.6%], P< .001) and DVR
(MP: 15 patients [16.0%], BP: 12 patients [5.5%],
P ¼ .004). Mitral valve repair was performed exclusively
in the BP group (MP: 4 patients [4.3%], BP: 31 patients
[14.2%], P<.006). A greater number of patients under-
went tricuspid annuloplasty in the MP group (P ¼ .002),
whereas aortic operation was performed in more patients
in the BP group (P ¼ .048). The number of patients who
underwent coronary artery bypass grafting was similar in
both groups (P ¼ .698).
ry c July 2019



TABLE 2. Operative data

Variables

Whole Mechanical Bioprosthetic

P value(n ¼ 312) (n ¼ 94) (n ¼ 218)

Procedures

AVR 228 (73.1) 45 (47.9) 183 (83.9) <.001*

AVR þ mitral valve repair 35 (11.2) 4 (4.3) 31 (14.2) .006*

MVR 57 (18.3) 34 (36.2) 23 (10.6) <.001*

DVR 27 (8.7) 15 (16.0) 12 (5.5) .004*

Tricuspid annuloplasty 46 (14.7) 23 (24.5) 23 (10.6) .002*

CABG 128 (41.0) 37 (39.4) 91 (41.7) .694

Aortic operation 18 (5.8) 2 (2.1) 16 (7.3) .048*

Valve size

Aortic valve prosthesis 20.9 � 1.8 20.3 � 2.2 21.1 � 1.6 .002*

Mitral valve prosthesis 25.9 � 2.2 25.5 � 2.3 26.3 � 2.1 .108

Operating time, min 392.7 � 143.6 412.1 � 202.6 387.6 � 124.4 .407

CPB time, min 180.3 � 66.3 189.1 � 64.9 176.5 � 66.6 .130

Aortic clamp time, min 113.8 � 52.7 139.3 � 71.0 107.3 � 45.0 .004*

Early outcomes

Hospital mortality 52 (16.7) 14 (14.9) 38 (17.4) .578

Re-exploration 13 (4.1) 5 (5.3) 8 (3.7) .429

Stroke 19 (6.1) 6 (6.4) 13 (6.0) .887

Delirium 20 (6.4) 2 (2.1) 18 (8.3) .026*

Prolonged ventilation (>48 h) 65 (20.8) 15 (16.0) 50 (22.9) .156

Tracheostomy 22 (7.1) 3 (3.2) 19 (8.7) .061

Deep wound infection 8 (2.6) 0 (0) 8 (3.7) .016*

ICU stay, d 4.0 (3.0-9.8) 4.0 (2.0-8.0) 5.0 (3.0-10.5) .114

Hospital stay, d 24 (17-41) 23 (18-41) 24 (16-41) .220

Discharge to home 170 (66.0) 52 (65.0) 119 (66.5) .816

AVR, Aortic valve replacement; MVR, mitral valve replacement; DVR, dual valve replacement (combined AVR and MVR); CABG, coronary artery bypass grafting; CBP, car-

diopulmonary bypass; ICU, intensive care unit. *P<.05.
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The mean labeled size of the prosthetic valves was
20.9 � 1.8 mm in the aortic position and 25.9 � 2.2 mm
in the mitral position. In the MP group, a significantly
smaller size of aortic valve prostheses was implanted
(MP: 20.3 � 2.2 mm, BP: 21.1 � 1.6 mm, P ¼ .002). In
the mitral position, prosthesis size was similar in both
groups.

Mean operative time was 392.7 � 143.6 minutes and
mean cardiopulmonary bypass time was 180.3 � 66.3
minutes. Mean aortic clamp time was significantly longer
in the MP group (MP: 139.3 � 71.0 minutes, BP:
107.3 � 45.0 minutes, P ¼ .004).

Early Outcomes
Hospital mortality resulted in 52 patients (16.7%) and

was similar across both groups (MP: 14.9% [14/94], BP:
17.4% [38/18], P ¼ .578). The causes of hospital mortality
are summarized in Table E2. Regarding postoperative com-
plications, the incidence of delirium (MP: 2.1%, BP: 8.3%,
P ¼ .026) and deep wound infection (MP: 0%, BP: 3.7%,
P ¼ .016) were significantly greater in the BP group. The
BP group also required more tracheostomies in comparison
with the MP group; however, this difference was not
The Journal of Thoracic and C
significant (MP: 3.2%, BP: 8.7%, P¼ .061). No significant
differences were found in the incidence of other complica-
tions, such as re-exploration, stroke, prolonged ventilation
(>48 hours), length of intensive care unit stay, hospital
stay, and the ratio of discharge to home dispositions in
both groups.

Late Outcomes
Survival. During the observation period, 85 late deaths
occurred, including 11 cardiac-related deaths, 6 bleeding-
related deaths, and 8 sudden deaths. The causes of late death
are summarized in Table E3. Overall survival was
53.9� 3.3% at 5 years and 41.5� 3.7% at 10 years. Over-
all survival was similar in both prosthesis groups (MP:
57.4 � 5.5% at 5 years and 46.3 � 6.4% at 10 years, BP:
50.2 � 4.1% at 5 years and 38.8 � 4.5% at 10 years,
P ¼ .305). Both groups had acceptable 5-year and
10-year overall survival when compared with that of the
Japanese dialysis population, adjusted for duration of he-
modialysis therapy (69.5% at 5 years and 49.3% at
10 years, mean age 67.7 � 1.2 years) (Figure 1, A). When
stratified by prosthetic valve position, 5-year survival was
significantly lower in patients who underwent MVR and
ardiovascular Surgery c Volume 158, Number 1 51
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FIGURE 1. Overall actual survival. A, Overall actual survival comparing patients with MP and BP (MP: 57.4 � 5.5% at 5 years and 46.3 � 6.4% at

10 years, BP: 50.2 � 4.1% at 5 years and 38.8 � 4.5% at 10 years, P ¼ .305). The dotted line shows the survival curve for Japanese patients on dialysis

matched the duration after introduction of hemodialysis treatment. B, Overall actual survival stratified with prosthetic valve location (AVR: 62.3 � 3.7%,

MVR: 31.2 � 7.1%, DVR: 38.8 � 11.0%, P<.001). The dotted line shows the survival curve for Japanese patients on dialysis matched the duration after

introduction of hemodialysis treatment.MP, Mechanical prosthesis; BP, bioprosthesis; AVR, aortic valve replacement;MVR, mitral valve replacement;DVR,

combined valve replacement of AVR and MVR.
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DVR (AVR: 62.3 � 3.7%, MVR: 31.2 � 7.1%, DVR:
38.8 � 11.0%, P<.001) (Figure 1, B).

Univariate Cox-hazard regression analysis revealed dia-
betic nephropathy (HR, 2.10; 95% CI, 1.50-2.96,
52 The Journal of Thoracic and Cardiovascular Surge
P < .001), active infective endocarditis (HR, 2.30; 95%
CI, 1.35-3.68, P ¼ .003), New York Heart Association
(NYHA) functional classification �III (HR, 2.91; 95%
CI, 2.02-4.15, P< .001), nonelective surgery (HR, 2.56;
ry c July 2019



TABLE 3. Cox hazard analysis of overall survival

Variables

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Mechanical prosthesis 0.82 (0.56-1.18) .301 0.75 (0.47-1.17) .206

Age, y 1.02 (1.00-1.04) .090 1.34 (0.99-1.04) .144

Female sex 0.95 (0.67-1.34) .794 0.81 (0.56-1.16) .246

BSA, m2 0.93 (0.22-4.02) .927

Duration of hemodialysis, y 0.99 (0.95-1.02) .493

Diabetic nephropathy 2.10 (1.50-2.96) <.001* 1.90 (1.31-2.73) <.001*

Insulin use 1.04 (0.62-1.66) .864

Hypertension 0.73 (0.52-1.04) .080

Dyslipidemia 0.79 (0.49-1.24) .321

Previous stroke 1.09 (0.71-1.62) .679

Carotid artery stenosis 1.15 (0.56-2.07) .685

COPD 1.51 (0.88-2.43) .128

Atrial fibrillation 1.16 (0.67-1.87) .574

Coronary artery disease 1.00 (0.71-1.40) .998

Peripheral artery disease 0.94 (0.57-1.46) .788

Active IE 2.30 (1.35-3.68) .003* 1.68 (0.91-2.96) .093

NYHA �III 2.91 (2.02-4.15) <.001* 2.16 (1.37-3.35) .001*

Nonelective surgery 2.56 (1.79-3.61) <.001* 1.14 (0.69-1.86) .610

Ejection fraction, % 0.99 (0.97-1.00) .098

Mitral valve replacement 2.00 (1.40-2.82) <.001* 2.36 (1.58-3.49) <.001*

CABG 0.89 (0.63-1.26) .523

Aortic operation 0.80 (0.34-1.58) .545

CPB time 1.00 (1.00-1.00) .244

Aortic clamp time 1.00 (0.99-1.00) .716

HR, Hazard ratio; CI, confidence interval; BSA, body surface area; COPD, chronic obstructive pulmonary disease; IE, infective endocarditis; NYHA, New York Heart Association

functional classification; CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass. *P<.05.
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95% CI, 1.79-4.15, P<.001), and MVR (HR, 2.00; 95%
CI, 1.40-2.82, P< .001) as significant risk factors of late
death (Table 3).

Multivariate Cox-hazard analysis also revealed diabetic
nephropathy (HR, 1.90; 95% CI, 1.31-2.73, P < .001),
NYHA �III (HR, 2.16; 95% CI, 1.37-3.35, P ¼ .001),
and MVR (HR, 2.36; 95% CI, 1.58-3.49, P<.001) as sig-
nificant risk factors for late death (Table 3).
Reoperation, bleeding, and embolic events. Seven pa-
tients required reoperation, including SVD (BP, n ¼ 3),
prosthetic valve endocarditis (BP, n ¼ 1), pannus prolifera-
tion (MP, n ¼ 2), and prosthetic valve thrombosis (MP,
n ¼ 1). Freedom from valve-related reoperation was
98.2 � 1.3% at 5-year and 85.6 � 5.9% at 10-year time
points. Freedom from reoperation was similar across both
groups (MP: 97.4 � 2.5% at 5 years, BP: 98.8 � 1.2% at
5 years, P ¼ .919) (Figure 2, A). In our younger patient
study population (age<65 years, MP: 63 patients and BP:
27 patients), there was no significant difference across the
The Journal of Thoracic and C
groups (MP: 95.7 � 4.3% at 5 years, BP: 100% at 5 years,
P ¼ .351).
Bleeding events occurred in 19 patients (MP: 6 patients,

BP: 13 patients). In the MP group, the cause of bleeding
included gastrointestinal (GI) tract bleeding (n ¼ 4) or he-
moptysis (n ¼ 2). In the BP group, the source of bleeding
was GI tract bleeding (n ¼ 4), subdural hemorrhage
(n ¼ 4), cerebral hemorrhage (n ¼ 3), and intramuscular
bleeding (n ¼ 2). Freedom from bleeding events was
92.3 � 2.3% at 5-year and 81.1 � 4.6% at 10-year time
points. No significant differences were found in the inci-
dence of bleeding events across the groups (MP:
92.8 � 3.7% at 5 years, BP: 92.2 � 2.8% at 5 years,
P ¼ .676) (Figure 2, B).
Embolic events occurred in 15 patients (MP: 10 patients,

BP: 5 patients). In the MP group, the cause of embolism
included cerebral infarction (n ¼ 6) and GI tract infarction
(n ¼ 4). In the BP group, the cause of embolism included
cerebral infarction (n ¼ 4) and acute peripheral arterial
ardiovascular Surgery c Volume 158, Number 1 53
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FIGURE 2. Freedom from valve-related events. A, Freedom from valve-

related reoperation comparing patients with MP and BP (MP: 97.4� 2.5%

at 5 years, BP: 98.8 � 1.2% at 5 years, P ¼ .919). B, Freedom from
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occlusion (n ¼ 1). Freedom from embolic events was
94.2 � 1.8% at 5-year and 86.2 � 3.9% at 10-year time
points, respectively. In the MP group, freedom from
embolic events was significantly worse (MP:
88.3 � 4.3% at 5 years, BP: 97.2 � 1.6% at 5 years,
P ¼ .007) (Figure 2, C). In the subgroup analyses, freedom
from embolic events was significantly greater in patients
receiving BPs with AVR and noninfective endocarditis.
The subgroup analysis also revealed significantly greater
freedom from embolic events in both male and female pa-
tients receiving BP over MP (Figure E1, A-D).
DISCUSSION
Valve selection between MP and BP remains controver-

sial. The selection of prosthetic valves is frequently deter-
mined by the risk of anticoagulation and reoperation. The
Japanese Association of Thoracic Surgery 2014 annual
report noted that implanted prosthetic valves consist of
4200 MPs and 13,000 BPs, although the ratio of BP to
MP implantation has increased dramatically in the last
10 years.15 Recent reports have suggested that BP is associ-
ated with a greater risk of reoperation than MP, although it
has a decreased probability of bleeding or embolic events;
However, a unanimous conclusion regarding valve selection
has yet to be found.16-19 In a randomized trial, Goldstone
and colleagues20 reported that the long-term mortality
benefit associated with MP, compared with BP, persisted
until 55 years of age among patients undergoing AVR and
until 70 years of age for those undergoing MVR.

In contrast, other recent studies have reported that BP
should be preferred over MP in patients on dialysis, given
the limited life expectancy in these patients and the risk
of SVD of BP.21-23 In a meta-analysis, Phan and col-
leagues11 demonstrated that MP and BP had similar mid-
to long-term survival in patients on dialysis, with the BP
group showing lower rates of bleeding (MP: 6.4%, BP:
5.2%, P ¼ .040) and thromboembolism events (MP:
12.8%, BP: 2.7%, P ¼ .020). On the basis of these results,
European Society of Cardiology guidelines stated a favor-
able use of BP over MP.13 However, there is still a concern
for rapid calcification of BP in patients on dialysis.24

Our results support these previous reports, showing that
the BP group had a lower incidence of embolic events
with no significant differences between survival and reoper-
ation including SVD. In the subgroup analysis of younger
patients (<65 years), the MP groups showed no survival
benefit (MP, n ¼ 63: 56.3 � 7.2% at 5 years, BP, n ¼ 27:
46.4 � 11.2% at 5 years). Moreover, the demonstrated
bleeding events (MP: 92.8� 3.7% at 5 years, BP: 92.2� 2.8% at 5 years,

P ¼ .676). C, Freedom from embolic events (MP: 88.3 � 4.3% at 5 years,

BP: 97.2 � 1.6% at 5 years, P ¼ .007). MP, Mechanical prosthesis; BP,

bioprosthesis.
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risk factors of late survival (diabetic nephropathy, preoper-
ative congestive heart failure [NYHA�III], and concurrent
MVR) may suggest that BP is more favorable in patients
with a lower expected worse survival.

There is also controversy regarding the approach to anti-
coagulation therapy in patients on dialysis. We demon-
strated that the MP group had a significantly greater risk
of embolic events compared with the BP group, although
the incidence of bleeding events across both groups was
similar. In some guidelines for patients on dialysis with
atrial fibrillation, anticoagulation therapy is not indicated,
as it significantly increases not only the incidence of major
hemorrhage in patients on dialysis25,26 but also the
incidence of ischemic stroke.27,28 Although there are a
few differences in the pathway inducing thrombin
generation in patients with prosthetic valve replacement
versus patients with atrial fibrillation,29 the specific features
of patients on dialysis, various platelet and coagulation ab-
normalities, routine use of heparin, and accelerating
vascular calcification due to inhibiting matrix protein30

may explain the greater incidence of thromboembolic
events in patients on dialysis with MP than in the general
population. In addition, subtherapeutic international
normalized ratio values in patients on dialysis due to lack
of compliance with anticoagulation therapy may contribute
the high incidence of embolic events. Considering patients
on dialysis with suboptimal anticoagulation management
have a greater risk for stroke or thromboembolic events,27

the use of BP may reduce the burden of anticoagulation
and the substantial risk of bleeding or thromboembolism
in this patient population (Graphical Abstract).

Transcatheter valve implantation has been an attractive
alternative to surgical valve replacement (SVR). Alqahtani
and colleagues31 reported that transcatheter aortic valve
replacement (TAVR) had significantly lower hospital mor-
tality than SVR in patients on dialysis (TAVR: 6.1%,
SVR: 13.7%, P ¼ .021). However, the Nationwide Inpa-
tient Sample database in the United States reported that pa-
tients on dialysis had a greater risk of mortality after TAVR
compared with patients not on dialysis.32 In our report, hos-
pital mortality was high (16.7%), although it was lower
than the estimated mortality (Japan score 30-day mortality:
19.6 � 20.5%). In regard to mid-term durability, Chakra-
varty and colleagues33 suggested that patients who under-
went TAVR had a greater risk of subclinical leaflet
thrombosis than those who underwent SVR. The use of
transcatheter mitral valve replacement for dialysis patients
remains controversial. Long-term evidence is required
before applying these procedures to patients on dialysis.

Limitations
There were some limitations in the present study. First, it

was a retrospective study. Second, 7 hospitals were included
in this study, allowing for variability in the details of
The Journal of Thoracic and C
procedures, the selection of the prostheses, echocardio-
graphic follow-up, and management of anticoagulation
therapy. Valve selection may include a bias, although it
was primarily determined according to patient age. We
did not have the data regarding patient compliance with an-
ticoagulation therapy and the severity of patient condition
because surgeon preference may be influenced with taking
into these factors. We did not have adequate echocardio-
graphic follow-up data that could diagnose SVD more pre-
cisely in the BP group.
Third, we included AVR, MVR, and DVR in the same

cohort, given the infrequency of valve replacement surgery
in patients on dialysis. Other studies thus far have not eval-
uated valve-related complications and have used smaller
patient population than our current study.22 Lastly, there
were some differences in patient characteristics across
groups. Although we performed multivariate Cox hazard
analysis, several selection biases remained. We did not
have the data regarding the differences between disease pro-
cesses. Age was a variable that this study could not over-
come because of the study design. Although our data
suggest that BP group had an advantage in preventing
embolic events, this is speculative. The expected bias favors
MP over BP, given that patients with an expectation of
longer survival or small annular diameter likely receive a
MP over a BP.
CONCLUSIONS
In our 16-year study, the outcomes of heart valve replace-

ment in patients on dialysis are acceptable. Valve selection
is not associated with late survival in patients on dialysis,
although diabetic nephropathy, preoperative congestive
heart failure, and concurrent MVR may be significant risk
factors for late death. In patients on dialysis with high
risk factors, BP may have an advantage in preventing
embolic events without increasing the incidence of valve-
related reoperation.
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FIGURE E1. Subgroup analysis for embolic events comparing MP and BP. A, Subgroup analysis for valve position. Freedom from embolic events in pa-

tients with AVR (MP: 88.8� 5.4% at 5 years, BP: 96.8� 1.9% at 5 years, P¼ .004), MVR (MP: 90.1� 7.2% at 5 years, BP: 100% at 4 years, P¼ .279),

and DVR (MP: 100% at 5 years, BP: 100% at 5 years, P ¼ .182). B, Subgroup analysis for IE. Freedom from embolic events in patients with non-IE (MP:

91.6� 3.7% at 5 years, BP: 99.3� 0.7% at 5 years, P¼ .040) and IE (MP: 100% at 2 years, BP: 100% at 2 years, P¼ .114). C, Subgroup analysis for age.

Freedom from embolic events in patients aged<65 years (MP: 91.4� 4.2% at 5 years, BP: 100% at 5 years, P¼ .116) and�65 years (MP: 88.9� 7.4% at

5 years, BP: 99.3 � 7.4% at 5 years, P ¼ .163). D, Subgroup analysis for sex. Freedom from embolic events in male (MP: 89.8 � 4.9% at 5 years, BP:

98.5� 1.5% at 5 years, P¼ .037) and female patients (MP: 91.5� 6.0% at 5 years, BP: 95.4� 3.3% at 5 years, P¼ .036). AVR, Aortic valve replacement;

MP, mechanical prosthesis; BP, bioprosthesis; MVR, mitral valve replacement; DVR, combined valve replacement of AVR and MVR; IE, infective

endocarditis.
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TABLE E1. Implanted valves

Variables AVR MVR DVR

BP

CEP (Standard Magna,

Magna EASE)

131 8 9

Trifecta 14 0 0

Mitroflow 7 0 0

Mosaic (Standard, Ultra) 20 4 3

Epic 2 11 0

Freestyle 2 0 0

MP

SJM 16 18 8

On-X 8 16 6

ATS (Standard, AP) 10 0 1

CM (Standard, TopHat) 4 0 3

Advantage 1 0 0

MIRA 0 2 0

AVR, Aortic valve replacement; MVR, mitral valve replacement; DVR, dual valve

replacement (combined AVR and MVR); BP, bioprosthesis; MP, mechanical pros-

thesis.

TABLE E2. Cause of hospital mortality

Whole MP BP

(n ¼ 52) (n ¼ 14) (n ¼ 38)

LOS 7 2 5

DSWI 2 0 2

Sepsis 6 1 5

Bowel necrosis 2 0 2

Pneumonia 3 0 3

Pancreatitis 1 0 1

LV rupture 1 1 0

Unknown 30 10 20

MP, Mechanical prosthesis; BP, bioprosthesis; LOS, low cardiac output syndrome;

DSWI, deep sternal wound infection; LV, left ventricle.

TABLE E3. Cause of late death

Whole MP BP

(n ¼ 85) (n ¼ 28) (n ¼ 57)

Cardiac 11 3 8

Bleeding 6 4 2

Cerebrovascular 3 0 3

Vascular 1 0 1

Malignancy 4 1 3

Pulmonary 9 1 8

Gastrointestinal 2 2 0

Renal 7 5 2

Sepsis 8 2 6

Sudden death 8 2 6

Unknown 26 8 18

MP, Mechanical prosthesis; BP, bioprosthesis.
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