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Abstract

Objective: The effects of recipient body mass index (BMI) on waitlist strategies,
waitlist outcomes, and post-transplant outcomes among adult patients listed for
heart transplantation under the updated 2018 allocation system have not been well
characterized.

Methods: The United Network of Organ Sharing data set between October 2015
and March 2021 was analyzed, and patients were grouped based on recipient BMI
and whether listing occurred in the old (pre-October 2018) or new allocation system.
Results: Listing strategies differed by BMI group, but trends of increased use of
temporary mechanical support and decreased use of durable support remained
among all BMI groups, except those with BMI > 35kg/m?2. Waitlist outcomes
improved among all BMI cohorts in the new allocation system, including among
patients with BMI 30-34.9 and >35kg/m? although patients with higher BMls
continued to have longer waitlist times. Post-transplant outcomes in the new
allocation system are worse for patients with BMI>30kg/m? (hazard ratio:
1.47; confidence interval: 1.19-1.82; p <.001).

Conclusions: The 2018 change to the heart transplant allocation system was
associated with similar changes in the use of mechanical support for listing strategy
across BMI ranges, except in the most obese, and improved waitlist outcomes across
all BMI ranges. Post-transplant outcomes in the new allocation system are worse for
patients with BMI > 30 kg/m? compared to patients with BMI < 30 kg/m?. These
findings have important clinical implications for our understanding of the ongoing
influence of BMI on waitlist courses and post-transplant outcomes among patients

listed for heart transplantation
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1 | INTRODUCTION

Body size is an important factor among advanced heart failure
patients being evaluated and listed for heart transplantation. Body
mass index (BMI) has previously been shown to affect transplant
listing strategy,’ and was associated with increased waitlist mortal-
ity,? longer wait times before transplantation,” and decreased post-
transplant survival.”~* In 2018, the United Network of Organ Sharing
(UNOS) provided significant changes to the heart transplant alloca-
tion system, which resulted in changes in listing strategies (increase in
temporary mechanical support and decrease in durable ventricular
assist devices), decrease in waitlist times, and variable effects on
post-transplant survival.” ** BMI may have significant effects on
decisions regarding listing strategy and the use of mechanical
support, which may affect waitlist times and outcomes. As the
impact of BMI on these outcomes under the new allocation system
have not been well characterized, we sought to evaluate the role of
BMI on listing strategy, waitlist outcomes, and post-transplant

outcomes in the current era.

2 | METHODS

The UNOS data set for all patients >18 years of age between
October 2015 and March 2021 was analyzed and grouped based
on listing in the old (pre-October 2018) or new (post-October
2018) allocation system. Patient demographics, comorbidities,
clinical characteristics, and listing status were obtained at the
time of listing and donor characteristics were obtained at the time
of transplant. Listed patients were followed until one of three
competing waitlist outcomes: transplantation, waitlist death, or
waitlist removal. Patients who remained on the waitlist at the end
of the study period were censored. To avoid bias from changing
patterns occurring in anticipation of the allocation change as
well as to ensure equal follow-up, patients listed in the year
before the allocation change were excluded. To avoid bias
among post-transplant outcomes, patients with less than 1 year
of follow-up were excluded. Patient characteristics, comorbid-
ities, listing strategies, and outcomes were compared before
and after the UNOS allocation change based on BMI at listing. A
two-sample t test was used to compare continuous variables and
x? test for categorical variables. Fine-Gray proportional sub-
hazard models were used to estimate the effect of allocation
change on competing waitlist outcomes—transplantation, death,
or removal from waitlist—among each BMI category, which were
the primary outcomes. Unadjusted and adjusted subhazard ratios
(SHR) were reported for each competing outcome; multivariable
regression models were adjusted for clinical characteristics
including age, gender, BMI, education, region, listing strategies,
other available comorbidities, and hemodynamics. Cox propor-
tional hazards model was used to evaluate post-transplant
outcomes of survival and retransplantation, which was the

secondary outcome.

CARDIAC SURGERY
3 | RESULTS

Of the total cohort, 7035 patients meeting inclusion criteria were
listed for transplant under the old allocation system and 6965 were
listed in the new allocation system. Table 1 demonstrates key patient
demographics, comorbidities, and listing strategies among each BMI
category before and after the new allocation system. Under the old
allocation system, 26.6% and 7.7% were listed with BMI of
30-34.9 and >35 kg/m?, respectively, while under the new allocation
system, 27.0% and 9.1% had those BMI ranges. There were no
clinically relevant differences in baseline patient characteristics
before and after the UNOS allocation system change. With respect
to transplant listing strategies, the new allocation system resulted in
more patients being listed with intra-aortic balloon pump (IABP) and
extracorporeal membrane oxygenation, and less patients being listed
with inotropic support and durable left ventricular assist device
(LVAD). These changes were generally consistent among each BMI
category, although patients listed with >35 kg/m? were equally likely
to be listed with a durable LVAD under the old and new allocation
systems. Under the new allocation system, compared to patients with
BMI < 30 kg/m?, those with a BMI of >30 kg/m? were less likely to be
listed with inotropes (24.6% vs. 34.8%, p <.001) or with IABP (10.1%
vs. 15.0%, p <.001) and more likely to be listed with a durable LVAD
(35.9% vs. 24.1%, p <.001).

Table 1 also demonstrates the effects of the allocation change on
waitlist outcomes by BMI group. The new allocation system
was associated with a reduction in waitlist mortality and waitlist
removal, and improved transplantation rates among all BMI
groups. However, under the new allocation system, patients with
BMI > 30 kg/m? continued to have higher median days to transplan-
tation (38 vs. 21 days, p <.001), and lower unadjusted (hazard ratio
[HR]: 0.75; confidence interval [Cl]: 0.70-0.80; p <.001)and
adjusted (HR: 0.83; CI: 0.77-0.89; p <.001) SHRs for transplantation
compared to patients with BMI<30kg/m2 Among patients in
the new allocation system with BMI > 30 kg/m2, those with BMI >
35 kg/m? had similar median days to transplantation, 38 (11-175) vs.
38 (10-160), p =.754, and similar days on the waitlist, 148 (24-365)
vs. 120 (19-365), p =.108 compared to patients with BMI between
30 and 35 kg/m?2. Figure 1 highlights the differences in the median
days to transplantation based on BMI between the old and new
allocation systems.

Table 2 demonstrates donor characteristics among the whole
cohort as well as based on recipient BMI. Male donors were more
common among recipients with higher BMI. There was an increase in
ischemic time and travel distance in the new allocation system,
although the increases were similar among BMI cohorts. There were
no differences in donor BMI among any cohort between the
allocation systems.

Regarding post-transplant outcomes, when accounting for equal
follow-up, there were no differences between outcomes in the old
versus new allocation system among the whole cohort as well as
among the studied BMI cohorts (Table S11).However, post-
transplant outcome of death or retransplantation was similar among
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Median Days to Transplantation by BMI
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patients with BMI > 30 kg/m? compared to BMI < 30 kg/m? in the old
UNOS (HR: 1.22; ClI: 0.96-1.56; p =.101), but significantly higher in
the new UNOS system (HR: 1.47; Cl: 1.19-1.82; p <.001). Among
patients in the new system with BMI>30kg/m? those with
BMI > 35 kg/m? had similar rates of post-transplant adverse events
compared to the BMI group of 30-35 kg/m2 (HR: 1.15; ClI:
0.79-1.57; p = .457).

4 | DISCUSSION

The present work demonstrates several important findings. Changes in
listing strategies associated with the new allocation system were
similar across BMI ranges, although differences between the systems
were less prominent among patients with BMI of >35 kg/m?. Under
the new allocation system, compared to patients with BMI < 30 kg/m?,
those with a BMI of >30kg/m?* were less likely to be listed with
inotropes or with IABP and more likely to be listed with a durable
LVAD. Median days on the waitlist decreased significantly in the new
allocation system for all BMI ranges, although they remain highest for
patients with BMI > 30 kg/m?. Finally, post-transplant outcomes in the
new allocation system were similar compared to the old allocation
system for all BMI ranges, although when categorized with a BMI
cutoff of <30 vs. >30 kg/m?, those with BMI of >30 kg/m? experienced
the worst outcomes under the new allocation system, but not under
the old allocation system. These findings have important clinical
implications for our understanding of the ongoing influence of BMI on
waitlist course and post-transplant outcomes among patients listed for
heart transplantation.

These findings support prior studies showing an increase in
waitlist times? and increase in post-transplant mortality>* among
patients with obesity, although prior studies demonstrated that the
increase in post-transplant mortality among obese patients is modest
and not consistent among all studies. Longer waitlist times for
patients with BMI > 30kg/m? may occur due to the requirement
for adequate donor-recipient size matching as well as due to

BMI 25-29.9 kg/m? BMI 30-34.9 kg/m?

FIGURE 1 Median days to transplantation
among the whole cohort and characterized by
body mass index in the old and new allocation
systems.
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38

BMI >35 kg/m?

variation in listing strategy where obese patients may be listed at
lower status (due to higher use of durable LVAD, higher rate of listing
without mechanical/inotropic support, and lower use of IABP). How-
ever, the median days to transplantation and transplantation rate for
patients with BMI > 30 kg/m? and particularly BMI > 35 kg/m? have
improved significantly under the new allocation system and are now
better in this population than these parameters were for any BMI
under the old allocation system.

The current analysis, when ensuring for equal follow-up,
demonstrates similar 1-year outcomes after implementation of the
new allocation system change among all patients, and extends these
findings based on BMI cohorts. However, under the new allocation
system, patients with BMI>30kg/m? (and particularly those with
BMI >35kg/m?) had higher rates of post-transplant death or
retransplantation. The differences in increased adverse events in
patients with BMI > 30 kg/m? are more pronounced after changes in
the allocation system, and the current study did not demonstrate this
adverse effect of BMI > 30 kg/m2 under the old allocation system.
Censoring at 1 year to allow for equal follow-up as well as the
inclusion of multivariable analyses in establishing the effects of BMI
on outcomes may explain the difference between these findings and
prior publications examining the effect of obesity on post-transplant
outcomes.

Taken together, the improved waitlist outcomes with a more
pronounced increase in post-transplant adverse events under the
new allocation system have important implications for the care of
obese patients being considered for heart transplantation. Improved
waitlist outcomes and decreased waitlist times can provide
reassurance that transplant remains a feasible strategy among
adequately selected patients with obesity, including those with
BMI > 35 kg/m?2. Patients with BMI>30kg/m? experience higher
post-transplant adverse events compared to patients with BMI < 30
kg/m?. Optimizing BMI and associated risk factors before transplant
as well as increased focus on post-transplant care may therefore be
important targets to improve the outcomes in advanced heart failure
patients with elevated BMI being considered for transplantation.
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Additional analyses will be needed to explore the contributors to
increased adverse post-transplant outcomes among those with
higher BMI, particularly as noted in the new allocation system.
There are limitations to this study, including those which are
inherent to the use of large data sets for analyses. The UNOS data set is
reliant on entry from individual transplant centers and lacks important
information that may affect decision making surrounding the care of
patients based on their BMI. Patients who were not listed for transplant
because of their BMI or offered destination therapy LVAD options as

opposed to transplant listing are not evaluated in this study.

5 | CONCLUSION

In summary, the 2018 change to the UNOS allocation system resulted
in changes in waitlist management and improved waitlist outcomes
that were generally similar based on BMI cohorts, including among
patients with BMI of 30-35kg/m?2 Patients with BMI >30kg/m?
experience worse post-transplant outcomes compared to patients with

BMI < 30 kg/m? under the new allocation system.
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