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Glossary of Abbreviations

AVR- Aortic valve replacement

MVR-Mitral valve replacement
TAVR-Transcatheter Aortic Valve Replacement
NYHA-New York Heart Association

ESRD- End stage renal disease

LOS- Length of stay

DM- Diabetes mellitus

HR- Hazard Ratio
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Estimated Survival Adjusted for Age, NYHA Il or IV, and DM

73
74

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

=
D ey
=
—_ % -
= p = 0.8 (Breslow)
=
3 21
Kol
o]
| -
o =
w5 T
=
<
3 Mechanical Valves
w24
&~
Biological Valves
G =

2 3
Time After Surgery (Years)



92
93
94
95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Central Message
The majority of dialysis-dependent patients undergoing valve replacement have poor survival.
Given that survival is short, biological valves may be the more appropriate choice in most

patients.
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Per spective Statement

There is little data to guide valve type selectiodialysis-dependent patients. Our findings
show that long-term survival is poor in patientslemgoing valve replacement surgery. Due to
the short survival time, a biological valve is lksufficient for most patients; however, young
patients without diabetes or heart failure may senong enough to justify placement of a

mechanical valve.
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Structured Abstract

Objective: Valve selection in dialysis-dependent patientslmadifficult because long-term
survival is diminished and bleeding risks whileamicoagulation are greater in patients with
renal failure. This study analyzed long-term outes of dialysis-dependent patients undergoing
valve replacement to help guide optimal prosthedive type selection

M ethods: Dialysis-dependent patients undergoing aortic anaiftral valve replacement at 3
institutions over 20 years were examined. The mymatcome was long term survival. A Cox
regression model was used to estimate survivaiMeyalges, presence of diabetes, and/or heart
failure symptoms.

Results: 423 available patients were analyzed. 341 patiesdsbiological and 82 had
mechanical valves. Overall complication and 30-ahaytality rates were similar between the
groups. Thirty day readmission rates for biologeradl mechanical groups were 15% (50/341)
and 28% (23/82, p=0.005). Five year survival wak 2d 33% for the biological and
mechanical groups, respectively. After adjustingaige, NYHA class, and diabetes using a
multivariable Cox regression model, survival wansikir between groups (HR 0.93, CI 0.66-
1.29, p=0.8). A Cox regression model based ondigbetes, and heart failure, estimated that
patients only 30 or 40 years old, with NYHA clads failure without diabetes had a >50%
estimated 5-year survival(p=<0.001).

Conclusion: Patients who were on dialysis and underwent vadpéacement surgery had poor
long-term survival. Young patients without dialsete NYHA IIl or IV symptoms may survive
long enough to justify placement of a mechanicilejehowever, a biological valve is suitable

for most patients.

Abstract: 249/250 words



197  Introduction
198
199 There are 120,000 cases of new end stage renakdi$ESRD) diagnosed every year and

200 this number continues to rise. Approximately 90R&hese patients are started on hemodialysis.
201  Mortality rates among dialysis patients remain hi@hverall 5 year survival for patients with

202 ESRD on dialysis is about 40% (1). Cardiovascdiseases comprise the leading cause of death
203 in this patient population, as a result cardiagsans perform an increasing number of high risk
204  operations, including valve replacement surgery (1)

205 There is debate about the optimal choice of prestifer valve replacement in dialysis-
206 dependent patients. Early AHA/ACC guidelines (9@@ommended placement of mechanical
207 valves in all dialysis-dependent patients undergemve replacement surgery (2). However,
208 based on small reports that showed equivalent m#san patients who received both types of
209 valves, in 2006, the guidelines were revised arde® to have explicit criteria for valve

210 selection; the most current guidelines also dagna specific guidance. The most current

211 recommendation is that valve selection should Hevidualized to the patient (3). Unfortunately,
212 there is a paucity of reports which aid in thisesébn process, as most studies have small

213  samples sizes, are single center, and/or are peittge in nature.

214 Compared to mechanical valves, biological valveshzoor longevity which has been
215  attributed to advanced calcification and degenanai). These processes are thought to be

216  exacerbated by hematological changes in patients&E8RD; however studies comparing

217  mechanical vs biological valves in hemodialysisaetefent patients have not shown a definitive
218  survival advantage of one valve type (5-7). A jrlwg challenge with mechanical valve

219  replacement in the dialysis population is that éhesgtients require frequent AV fistulae access

220 and are more prone to major bleeding events(8er@he poor long-term survival of dialysis-
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dependent patients it is reasonable to believettiose receiving bioprosthetic valves may die
before valve failure.

The purpose of this study was to compare postaperattcomes and long-term survival
of patients who required pre-operative hemodialgsd underwent valve replacement surgery
with either biological or mechanical valves. Wepbthesized that the majority of patients would
not live long enough postoperatively to justifygdanent of a mechanical valve.

M ethods

All patients who were on pre-operative hemodialyg® underwent mitral valve
replacement (MVR) or aortic valve replacement (A\R)ween January 1998 and August 2017
were identified retrospectively at 3 institutionsadted in the Midwest. Two institutions were
major academic hospitals and one was a commundyitad. The requirement for individual
consent for this study was waived by the institugiareview boards at each institution. Inclusion
criteria included patients who underwent aortic/andhitral valve replacement and required
preoperative hemodialysis #80 days. Those who underwent transcatheter vaplagement
(TAVR) or aortic root replacement were excludedirdScore Il was calculated based on age,
gender, renal impairment, extracardiac arteriopgtbgr mobility, previous cardiac surgery,
chronic lung disease, active endocarditis, crifrabperative state, diabetes on insulin, NYHA
class, left ventricular function, recent MI, pulnaoy hypertension, urgency of operation, weight
of intervention, and surgery on thoracic aortah# data was not available the variable was
omitted from the EuroScore Il calculation. Preapiee diabetes does not distinguish between
those patients who were on insulin.

The primary outcome measure was long-term survB8atondary outcomes included

estimated survival by a Cox-regression model fagés (30, 40, 50, 60, and 70 years old) and
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presence or absence of diabetes mellitus and/or fadare, 30-day mortality, hospital length of
stay (LOS), ventilator hours, need for reoperatang 30-day readmission rates. Survival data
were obtained for all patients through interrogatd institutional medical records databases,
obituaries, and the Social Security Death Indeper@tive mortality was defined as death that
occurred during the index hospitalization or witBilvdays of the operation. Long-term survival
data included death from all causes. The followcimsing date was Octobef,72017.

The Shapiro-Wilk test was used to assess theldision of the study population. To
address missing data, multiple imputation was eggaloThe expected maximization method
was used for continuous variables and regressienused for categorical variables. Continuous
data were reported as mean + SD, or median [Inéetitpirange] as appropriate, and were
compared between groups using the Students trdd¥lann-Whitney U test, respectively.
Categorical variables were compared using chi-gguanalysis. Survival estimates were
generated using the Kaplan-Meier method and sulesgigicompared using the log rank test.
Predictors of mortality were identified by univdsia analysis using a p-value cutoff of 0.1 and
then entered into a multivariable analysis. A maliable Cox regression model was used to
estimate survival based on those factors founcttsigmificant for survival: age and the presence
or absence of diabetes and/or NYHA 11l or IV sympg Propensity score matching using a
caliper of 0.1 was performed using variables fraabl€ 1.A logistic model with nearest
neighbor algorithm, greedy method, and a 1:1 math used. Variables selected included age,
diabetes, EuroScore I, redo operation, valvulopatbronary artery disease, gender,
endocarditis, hypertension, peripheral vasculagatie, cerebrovascular disease, previous valve

procedure, preoperative ejection fraction, and peeative NYHA 11l or IV heart failure
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symptoms. Statistics were done using STATA Verdibi® (STATA Corp, College Station,
Texas). A P-value 0f0.05 was considered statistically significant.

Results

Four hundred and ninety-two patients underwentevedyplacement over the 20 year
period and 423 were included in the analysis. Sixiye patients were excluded because they
underwent aortic root replacement or TAVR. Threedred and forty-one patients underwent
replacement with a biological valve and 82 undetweplacement with a mechanical valve.
There were no patients who had undergone preopetdtiney transplantation. One-hundred
and forty nine (35%) were from Indiana Universit§6 (46%) were from Barnes-Jewish
Hospital, and 80 (18%) were from Christian Northéésspital. Median follow up was 1.28
[IQR: 0.2, 3.1] years and survival data were awdddor 81% of patients. Baseline preoperative
characteristics are summarized in Table 1. Tleeame age for patients who had biological
valves was 60 +13.5 and 51+12.8 years for patwhts had mechanical valves placed
(p=<0.001). The average EuroScore Il was 12.3%aiB8.9%+6.7 for the biological valve
and mechanical valve groups, respectively (p=0.0@&2yhty-one (23%) and 14 (17%) of the
biological and mechanical valve groups were redpmrs, respectively. More specifically, 54
(15%) of the biological valve group had a previgak/e operation and 11 (13%) of the
mechanical valve group had a previous valve operatiThere were no significant differences
between evaluated intra-operative variables (TapleOverall complication and 30-day
mortality rates were similar between groups (T&)leHowever, 23/82 (28%) of patients in the
mechanical valve group were readmitted within 3gsdaompared to 50/341 (15%) in the

biological valve group (p=0.005). Regarding 39 deortality, cause of mortality was available
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for 40/55 patients. Of these patients, 20 diethfeocardiac related cause, 5 were pulmonary
related, 5 were neurologic, 1 was vascular, anddi@ sepsis related.

Presence of diabetes mellitus, age, and NYHA lIMosymptoms were all significant
predictors of mortality (Table 3). Having two or racvalves replaced was not a predictor of
poor outcomes (HR: 0.873, (95% CI: 0.625-1.220,.p3PDas demonstrated by the univariable
Cox analysis. Based on Kaplan Meier analysis, yar survival was 23% for the biological
valve group and 33% for the mechanical valve grdgm-year survival was 5% and 20% with a
median survival of 2.06 [1.56, 2.36] and 3.02 [14634] years for the biological and
mechanical groups, respectively (p=0.017, Figuréd)patients in either group survived longer
than 13 years. When adjusted for age, NYHA clasd,diabetes using a multivariable Cox
regression model, survival was similar between gsatiR 0.93, 95% CI 0.66-1.29, p=0.86,
Figure 2). Propensity score matching yielded #tepts in the biological valve group and 75
patients in the mechanical valve group (Suppleniéigaires 1-4). Survival was similar in each
group (Supplemental Figure 4). Patients who recka/biological valve spent significantly more
hours on the ventilator (Supplemental Table 1).

A Kaplan Meier analysis comparing patients with anthout endocarditis showed a 5
year survival of 25% and 25%, respectively (p=0)5€bx regression using variables found to
be significant for long-term survival was employtedestimate 5-year survival based on five ages
(30, 40, 50, 60, and 70 years old), diabetes, aridAclass>3 (p=<0.001, Figure 4, Table 4).
Only patients who were 30 or 40 years old and irH&¥tlass I-1l failure without diabetes had a

>50% estimated 5-year survival (Harrell's C coeéiit 0.61, Table 4).



314 Discussion
315
316 The vast majority of hemodialysis patients who unaat valve replacement surgery had

317  poor long-term survival. At five years postoperatyy only 23% and 33% of patients were alive
318 in the biological and mechanical groups, respelgtivéhese findings are similar to previous

319 smaller studies. Brinkmasat al. showed that overall survival of patients undergalralysis at 6
320 years was 15.9% in a cohort of 72 patients (9),Zmntding and colleagues showed an estimated
321 5 year patient survival rate with bioprostheticves of 53% versus 56.8% with mechanical

322 valves in 73 dialysis-dependent patients who hatkergone surgery (4).

323 Cardiovascular disease remains the most commor cdiukeath in patients requiring

324  dialysis. This patient population represents arorgchallenge to physicians as they are high
325 risk surgical candidates (1). Valve selection ialyhis patients presents a dilemma to cardiac
326  surgeons as they must assess the risk for acasldratprosthetic valve deterioration due to

327 calcification against the morbidity and mortalissaciated with anticoagulation (4,10,11).

328 Anticoagulation in this patient population can lvelgpematic, especially in those who require
329 vascular access several times per week. Furtherrti@y must assess these risks and benefits in
330 the face of known poor long-term survival. Pred@uidelines established in 1998 from the
331 American College of Cardiology and American Heassdciation recommended placement of
332  mechanical heart valve prostheses for patients B8RD requiring dialysis (2). These

333 recommendations were based on concern for acaedecatcification of bioprosthetic valves.

334 However, several studies subsequently have shoatrittere was no difference in survival

335 between patients who received mechanical versusgial prostheses (4,9,12-15). The most
336 notable study done by Herzetyal. retrospectively identified 5858 dialysis patiewtso

337 underwent heart valve replacement surgery fronUtBdRenal Data System database. It showed
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that survival with tissue prosthetic valves at &rgewvas 13.8% vs 14.9% in patients who
received mechanical valves (5). The guidelines walsequently updated in 2006 and 2014,
and they no longer have specific recommendationgdilye selection in this patient population.
It is recommended to individualize prosthesis d&ac However, choice of valve type remains

difficult as there is limited data defining longite survival in this population (3,12).

Our findings of very poor long-term survival (13%sewall at 10 years) mirrors the US
renal data system estimation of survival as wetither studies (16, 17). After adjusting for age,
NYHA class, and diabetes there was no differencimival between those who had biological
valves, or those who had mechanical valves platédis current stud. Furthermore, propensity
score matching corroborated our multivariable asialy

To delineate who might live long enough to warrambechanical valve, a Cox-
Regression analysis was performed to estimatevaivased on 5 different ages (30, 40, 50, 60,
or 70 years old), and the presence of diabete®ahdart failure. Only patients aged 30 or 40
years old in NYHA class I-1l failure without diale=t had a >50% estimated 5-year survival
(Figure 4, Table 4). In our study, this represermsly 24 patients, or 7% of the total group of
423. In our model, a physician can evaluate a patiased on age, and presence of diabetes or
heart failure and gain insight regarding surviwdldwing valve replacement. This model may
help guide valve selection in this complicated grofipatients. Larger prospective studies are
needed to corroborate our findings.

In our study 15% of patients with biological valweere readmitted versus 28% of
patients with mechanical valves within 30 daysistldarge. Of those who had a known reason
for readmission, 10/70 (14%) in the mechanical @axoup were readmitted for bleeding

complications versus 6/70 (8.5%) in the biologiaive group. The majority of bleeding
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complications occurred within the first few montifanitiation of anticoagulation. Because
anticoagulation carries an increased risk of matyp@hd inconveniences these patients,
mechanical valves should be reserved for only thodean estimated long term survival that is
longer than the time a biological valve might dietexte. This study suggests that only very
young people (e.g.30-40 years old) without diabetdSYHA IIl or IV symptoms have a high
enough estimated survival to warrant consideratioa mechanical valve and anticoagulation.
The limitations of this study include that it watrospective in nature and thus subject to
the threats inherent to this design. Furthermasejo standardized protocols were used for the
selection of valve type, surgeon bias likely influed the data. We had limited
echocardiographic data to confirm the longevityalives. Due to limitation of databases and
data accrual from a multi-institutional study, @l up of patients was not 100% complete,
which limits the accuracy of results. Howeverjraated survival rates were highly statistically
significant, which indicates sufficient numbers eawvailable for estimation of long-term
mortality. A larger prospective randomized stueyuld be needed to corroborate our results.
In conclusion, patients who require dialysis andargo valve replacement surgery have
poor long-term survival. Valve type must ultimatély tailored to each patient. Since most
patients have very poor short term (<5 year) satyiiological valves should be strongly
considered. In our model, only young patients @@er 40), without diabetes or NYHA 11l or
IV symptoms had an estimated 5-year survival >50B&refore, only in this small segment of

the overall population may it be justifiable to ggaa mechanical valve.



385 Table 1: Preoperative characteristics of hemodigependent patients who underwent valve
386 replacement with biologic or mechanical valves

Preoperative Variable Biologic(n=341) Mechanical (n=82) p value
Age 60.1 +13.5 50.9 +12.8 <0.001
Gender (Female) 123 (36) 30 (37) 0.898
BMI 29.2 +7.8 29.9 8.2 0.581
Race (white) 222 (65) 50 (62) 0.605
Euro Scorell 9.43+7.86 6.7916.71 0.002
NYHA ClasslIl or 1V 234 (68) 54 (66) 0.872
Ejection Fraction 50.8 £14.9 53.5+14.9 0.170
Smoker 141 (42) 38 (47) 0.885
HTN 304 (89) 73 (90) 0.845
Cerebrovascular disease 93 (27%) 15 (18%) 0.062
Dysdlipidemia 201 (59%) 40 (48%) 0.112
Diabetes 159 (46) 32 (40) 0.267
PVD 103 (30) 16 (20) 0.074
Chronic Lung Disease 107 (31) 19 (23) 0.070
Previous Sternotomy 81 (23) 14 (17) 0.239
Previous valve operation 54 (15) 11 (13) 0.731
Endocarditis 121 (35) 24 (30) 0.364

Intraoper ative Variable
AVR 211 42 N/A

MVR 89 28

Two or morevalves 41 12

AVR + MVR 39 10

AVR +MVR + TVR 1 0

AVR + TVR 1 1

MVR + TVR 0 1
Cross clamp time (min) 118.8 £57 127.0 +64 0.301
CPB time (min) 169.4+76 185.38+90 0.148
Tricuspid valve procedure 28 (8%) 8 (10%) 0.36
Concomitant CABG 96 (28) 15 (18.2) 0.092

387 BMI, body mass index; NYHA, New York Heart Assoaist Heart Failure Class. HTN,

388  hypertension. PVD, peripheral vascular diseaseRAAbrtic valve replacement. MVR, mitral valve
389 replacement. TVR, tricuspid valve repair or reptaeat. CPB, cardiopulmonary bypass. CABG,
390 coronary artery bypass

391

392
393
394
395
396
397
398
399
400
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Table 2: Postoperative outcomes of dialysis depangkgtients who underwent valve replacement
with biological or mechanical valves.

Variable

Biologic (n=341)

M echanical (n=82) p value

Ventilator Hours
Reoperation for bleeding

Sepsis
Stroke

Atrial fibrillation

Length of Stay

30 day Mortality

30 day readmission
Readmission for bleeding

33[10,118]
16 (5)

42 (12)

14 (4)

109 (32)
13 [5, 21]
47 (14)

50 (15)
6/70(8.5)

19[10,117] 0.081
5 (6) 0.572
5 (6) 0.167
4 (5) 0.759
23 (28) 0.595
13 [8,22] 0.632
8 (10) 0.462
23 (28) 0.005
10/70(14) 0.084

Table 3: Univariable and multivariable predictofsrmrtality following valve replacement in
patients with end stage renal disease who regheetbdialysis.

Univariable Analysis

Multivariable Analysis

Variable
Age
Gender
Race
BMI

EuroScorell
NYHA ClassllII or 1V
Ejection Fraction

Smoker
HTN
CVD

Dydlipidemia

PVD

Chronic Lung Disease
Previous Ster notomy
Previous Valve
Endocar ditis

Diabetes

1.03
1.02
1.02
1.00
1.01
1.39
0.98
1.10
0.91
1.03
1.00
0.76
0.91
0.79
0.86
1.21
1.41

Hazard Ratio 95% CI

1.02-1.04
0.96-1.53

0.91-1.52
0.99-1.03

1.00-1.05
1.03-1.89

0.97-0.99
0.97-1.61

0.62-1.33
0.85-1.40

0.78-1.30
0.61-0.99

0.72-1.16
0.61-1.04

0.62-1.20
0.89-1.52

1.25-1.63

p-value Hazard Ratio 95% CI

<0.001 1.09
0.13
0.24
0.42
0.14
0.033 1.36
0.12
0.17
0.64
0.50
0.97
0.14
0.91
0.11
0.86
0.30

0.001 1.54 1.21-2.01

p value
1.011-1.1%0.001

1.01-1.82 0.048

0.001

HTN, Hypertension. NYHA, New York Heart Associatid®VD, Cerebrovascular disease. PVD,

Peripheral vascular disease
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Figure 1: Unadjusted Kaplan Meier analysis foryla-dependent patients undergoing valve
replacement with mechanical vs biological valves.

Figure 2: Overall survival of dialysis-dependentigrats undergoing valve replacement surgery
with biological and/or mechanical valves. Four tiad twenty three patients were included in
the analysis.

Figure 3: Cox regression analysis for patients wmlag valve replacement. Estimation of 5
year survival was generated using a cox regressiatysis. Variables included in this model
were age, NYHA 1l or IV symptoms, and presenceliabetes which were all significant
predictors of mortality.

Figure 4: Patient plots showing estimated surviwah 30 year old dialysis-dependent patient
without diabetes and NYHA Il or IV heart failurgraptoms and a 70 year old dialysis-
dependent patient with diabetes and NYHA 11l ordymptoms following valve replacement
using a cox regression analysis. (p=<0.001) DM-Biab mellitus, NYHA-New York Heart
Association.

Supplementary Figure 1: Variables included ingr@pensity analysis and their before and after
matching standardized differences. PVD-Periphexatular disease, CVD- cerebrovascular
disease, NYHA-New York Heart Association, CAD- Coaoy artery disease.

Supplementary Figure 2: Standard differences poggnsity matching.

Supplementary Figure 3: Standard differences pagigmsity matching.

Supplementary Figure 4: Survival analysis of prgtgrmatched groups using Kaplan Meier
method.



447  Table 4: Estimated 5 year survival based on 5 goe3.001, HR 1.09: 95% CI [1.01-1.11]),
448  diabetes (p<0.001, HR 1.54: 95% CI [1.21-2.01]g/anNYHA heart failure symptoms
449  (p=0.048, HR 1.36: 95% CI [1.01-1.82]).

Age Group No Diabetes + Diabetes
NYHA I-1 NYHA -1V NYHA I-I NYHA llI-1V
30 years 61% 50% 46% 35%
40 years 54% 43% 38% 27%
50 years 46% 34% 30% 19%
60 years 35% 27% 22% 13%

70 years 31% 19% 16% 8%
450 NYHA, New York Heart Association Heart Failure GasiR, Hazard Ratio
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
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473
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