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CONCLUSIONS: While in-hospital mortality was not significantly different, various other outcomes
related to cost and efficiency seem to be impacted by hospital characteristics.
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Background

The number of patients receiving heart transplants has increased
61.9% in the last 2 decades with over 250 transplant centers
currently performing this life-saving procedure across the
United States (US).'” There are now more transplant centers
that are nonmetropolitan, government-owned, and located in
smaller medical centers. As the heterogeneity of centers in-
creases, understanding how center characteristics impact out-
come becomes important. As seen in other fields, such as
kidney transplantation, cardiogenic shock management, and
interventional cardiology procedures, a center’s characteristics
can impact outcomes.” Characteristics, such as ownership,
location, size, and teaching status, can impact a center’s policy
and mission statement and have been associated with outcomes
in advanced heart failure patients receiving left ventricular assist
device (LVAD).”’ The goal of this study was to evaluate the
impact of transplant center characteristics on cardiac trans-
plantation outcomes. To study the impact of ownership, loca-
tion, size, and teaching status of a transplant center on cardiac
transplantation outcomes, we used data from the National
Readmission Database (NRD), a publicly available dataset.
Furthermore, utilization of mechanical support devices by dif-
ferent hospital characteristics and their impact on our outcomes
were evaluated in a subanalysis of this study. This study hy-
pothesizes outcomes after heart transplant are worse in gov-
ernment-owned, nonmetropolitan, small, and nonteaching
health care systems.

Methodology
Data source

The NRD is one of the datasets maintained by the Agency
for Healthcare Research and Quality as a part of the
Healthcare Cost and Utilization Project. This dataset is an
annual database using the discharge data drawn from the
Healthcare Cost and Utilization Project state inpatient da-
tabases. Each patient has a verified linkage number which is
used to track the patients across hospitals within a state
during a given year. The NRD database is one of the largest
publicly available databases in the US, including patients
from all-payer sources. It provides longitudinal information
about a patient’s initial hospitalization and subsequent
readmissions. It contains a weighted sample of hospitali-
zations in the US and can be used to derive national esti-
mates of various hospitalizations directly. The database also
provides International Classification of Diseases, 10th re-
vision (ICD-10) codes for diagnoses and procedures and

includes meaningful clusters of similar conditions called the
Clinical Classifications Software. It also provides an as-
sessment of the Elixhauser comorbidities and reliably tracks
patients for readmissions. The NRD data provides the in-
formation from January 1 to December 31 in a calendar
year. We analyzed this dataset between the years 2016 and
2019. This study was exempted from institutional review
board approval as NRD database is limited and contains
deidentified patient information. All data and materials are
available from the corresponding author on request.

Study population

All hospitalizations for cardiac transplantation from 2016 to
2019 were identified by using ICD-10-PSC code 02YA0ZO0.
All patients less than 18 years of age were excluded.
Furthermore, all patients who received multiorgan trans-
plantation (liver, lung, kidney, intestine) were excluded
using the appropriate ICD-10-PCS codes (Table S1).

Variables

Patient demographics, such as age, sex, insurance payer
(Medicare, Medicaid, private insurance, self-pay), and median
household income (lowest, middle low, middle high, highest)
were identified using NRD variables. Additionally, hospital
ownership (governmental, private), hospital location (small
metropolitan [ <1 million residents], large metropolitan [>1
million residents]), hospital bed size (small, medium, large), and
teaching status (teaching, nonteaching) were also identified.
Hospital characteristics in the NRD are collected through the
American Hospital Association Annual Survey.” Furthermore,
we stratify patients by type of mechanical circulatory support
(MCS), for example, LVAD, extracorporeal membrane oxy-
genation (ECMO), intra-aortic balloon pump (IABP), Impella,
they received during their index transplant hospitalization by
using ICD-10-PSC codes. Comorbidities of patients were
identified using the 110_DXn variable by using ICD-10. To
assess a patient’s overall comorbidity, the Elixhauser co-
morbidity index was used.

Outcomes of interest

Outcomes of interest were in-hospital mortality, 30-day
readmission, 180-day readmission, length of stay during
index hospitalization, days from admission to procedure,
transfer to rehab center, graft rejection, and graft failure.
For the analyses of the 30-day and 180-day readmission
outcomes, we excluded patients who received the heart
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transplant (index hospitalization) in December (for 30-day
readmission analysis) or from July through December (for
180-day readmission analysis) given that patient identifiers
cannot be linked across years in the NRD. Graft function
was evaluated by looking at graft rejection and graft failure
using appropriate ICD-10 diagnosis codes. Cost was as-
sessed by evaluating the index admission total charge,
which is a variable available in the NRD database.

Statistical analysis

All analyses were conducted with weighted data using the
provided weight variable (discharge-level weight). Patient
characteristics and outcomes were reported as frequencies and
proportions for categorical variables and as median and inter-
quartile range (IQR) or mean and standardized deviation for
continuous variables as appropriate. Differences between groups
(extended criteria vs standard criteria) were compared using the
chi-square or Fisher’s exact test for categorical variables and
Kruskal-Wallis test or #-test for the continuous variables as ap-
propriate. Line graphs were used to depict the trend of select
outcomes by hospital type and year. The trends of outcomes
over time were evaluated within and between groups using the
nonparametric trend test (nptrend). Logistic regression was used
to determine factors associated with the outcomes. The selection
of covariates for the multivariable models was based on both the
clinical importance and the least absolute shrinkage and selec-
tion operator method with the cross-validation selection op-
tion.”'” The multivariate model included age, sex, primary
payer, median house hold income, comorbidities, type of MCS,
and hospital-level variables. All the analyses were performed on
Stata version 17.0 (StataCorp LLC, College Station, TX). A p-
value of <0.05 was considered statistically significant.

Results
Demographic and clinical characteristics

From 2016 to 2019, 11,539 patients were identified to have
received cardiac transplantation (Figure 1). Median age of
the cohort was 56 years (IQR: 46-63 years) and 72.8% were
male. Insurance coverage was categorized into private in-
surance (43.1%), Medicare (38.3%), Medicaid (12.0%), and
self-pay (6.5%). At the time of transplant, 24.4% were
bridged with an LVAD, 19.8% an IABP, 3.8% an ECMO,
and 3.3% an Impella. Various baseline characteristics were
significantly different across the various hospital char-
acteristics and are detailed in Table 1.

Outcomes based on hospital characteristics
Hospital ownership
A majority (83.9%) of the transplants were performed in pri-

vately owned hospitals (9,687 patients). There was no sig-
nificant difference in-hospital mortality between private and

14,047

Patients had a heart
transplant (2016-2019)

12,311
> 18 years old
11,539
Heart transplant only

1,736
< 18 years old
722
Multi-organ transplant

2018 2019
n=2,876 n=3,095

2,207 Male
888 Female

2016 2017
n=2,785

n=2,784

2,044 Male
740 Female

2,096 Male
689 Female

2,059 Male
817 Female

Figure 1 Patient selection flowchart.

public ownerships but both 30-days and 180-day readmission
were significantly higher in private hospitals compared to
government (30 days: 7.2% vs 5.1%, p=0.002) and 180 days:
40.9% vs 34.1%, p < 0.001) (Table 2). Most common primary
payers in either ownership category were private insurance.
Private hospitals had a lower length of stay compared to gov-
ernment hospitals (25 days vs 26 days, p=0.004). No sig-
nificant difference was seen for the index admission cost, graft
rejection and graft failure between the 2 groups. There was no
association between hospital ownership and in-hospital mor-
tality in univariable (Table S2) and multivariable logistic re-
gression models (Table S3). While the multivariable logistic
regression showed greater odds of 180-day readmission in
privately owned hospitals (Figure 2), patients in private hospi-
tals had a shorter length of stay (Figure 3) in both univariable
(Table S4) and multivariable (Table S5) linear regression
models. Patients in government hospitals were more likely to be
transferred to rehab centers in both univariable and multi-
variable regression analyses.

Hospital size

Number of patients who received a heart transplant in
small, medium, and large hospitals, respectively, were 184
(1.59%), 654 (5.6%), and 10,701 (92.7%). In-hospital
mortality was 8.7% in the small hospital group compared to
3.7% and 5.4% in medium and large hospitals (p =0.02).
Large hospitals had lower 30-day readmission rate at 6.6%
when compared to medium and small hospitals (6.6% vs
10% vs 8.1%, p=0.01). However, small hospitals had a
lower 180-day readmission rate at 35% when compared to
medium and large hospitals (35% vs 48.6% vs 39.4%,
p=0.004). Additionally, patients were more likely to be
transferred to rehab centers in small hospitals at 14.2% vs
medium hospitals and large hospitals (14.2% vs 4.8 vs
5.3%, p < 0.001). Most common primary payer in small
hospitals was Medicare which was contrary to the medium
and large hospitals where private insurers were more
common. Length of stay was 25days in large hospitals
compared to 22 and 23 days in medium and small hospitals,
respectively (p=0.004). Transplant episode cost was
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Any graft rejection (| 1539) OR (95% CI) p-value
Hospital type
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Private -> 1.12(0.92, 1.37) 0.25
Hospital location

Small metropolitan areas <1M residents (reference)

Large metropolitan areas =1M residents - 0.93 (0.71, 1.22) 0.60
Bed size

Small — 1.86 (1.02, 3.39) 0.04

Medium (reference)

Large —— 127(0.91,1.75)  0.16
Teaching hospital

Metropolitan non-teaching (reference)

Metropolitan teachil 1.48 (0. 3.02) 0.29
Any graft failure ( OR (95% ClI)

Hospital type

Govermental (reference)

Private b 0.81(0.58, 1.12) 0.20
Hospital location

Small metropolitan areas <1M residents (reference)

Large metropolitan areas 21M residents —— 1.30 (0.74, 2.31) 0.36
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Small —— 0.76 (0.15, 3.77) 0.74

Medium (reference)

Large —— 1.64 (0.82, 3.31) 0.16
Teaching hospital

Metropolitan non-teaching (reference)

Metropolitan teaching - 0.51(0.21, 1.24) 0.14
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In-hospital death (| OR (95% CI) p-value
Hospital type

Govermental (reference)

Private s 1.02 (0.72, 1.45) 0.90
Hospital location

Small metropolitan areas <1M residents (reference)

Large metropolitan areas 21M residents | = 067 (0.43,1.04)  0.07
Bed size

Small —_—— 1.43 (0.50, 4.09) 0.50

Medium (reference)

Large — 1.35(0.72, 2.53) 0.35
Teaching hospital

Metropolitan non-teaching (reference)

Metropolitan teaching — 1.35 (0.43, 4.17) 0.61
Hospital type

Govermental (reference)

Private --— 1.38 (0.99, 1.93) 0.06
Hospital location

Small metropolitan areas <1M residents (reference)

Large metropolitan areas =1M residents - 0.88 (0.59, 1.30) 0.52
Bed size

Small —— 0.84 (0.33, 2.16) 0.72

Medium (reference)

Large - 0.72(0.49, 1.05)  0.09
Teaching hospital

Metropolitan non-teaching (reference)

Metropolitan teaching —— 0.90 (0.39, 2.08) 0.81

0 2 4 6 8 10 12 14 16
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Hospital location

Small metropolitan areas <1M residents (reference)
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Bed size

Small - 0.49 (0.25, 0.97) 0.04

Medium (reference)

Large - 0.70 (0.51,0.97)  0.03
Teaching hospital

Metropolitan non-teaching (reference)

Metropolitan teaching 0.59 (0.30, 1.15 0.12
Transfer to rehab center OR (95% CI) p-value
Hospital type

Govermental (reference)

Private - 0.57 (0.42, 0.76)  <0.001
Hospital location

Small metropolitan areas <1M residents (reference)

Large metropolitan areas 21M residents —— 2.10 (1.21, 3.64) 0.01
Bed size

Small —_— 2.68 (1.14,6.26) 0.02

Medium (reference)

Large - 0.99 (0.59, 1.66) 0.97
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Figure 2 Multivariable regression model for in-hospital death, All-cause 30-day readmissions, all-cause 180-day readmissions, transfer
to rehab center, graft rejection, and graft failure by hospital characteristics.
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Total charge (per $1000) (N=11539) OR (95% CI) p-value
Hospital type

Govermental (reference)

Private T 49.73 (-6.66, 106.13) 0.08
Hospital location

Small metropolitan areas <1M residents (reference)

Large metropolitan areas 21M residents —— 135.44 (80.40, 190.49) <0.001
Bed size

Small —_— -313.65 (-423.30, -204.00) <0.001

Medium (reference)

Large —e—  320.38 (269.38, 389.37)  <0.001
Teaching hospital

Metropolitan non-teaching (reference)

Metropolitan teaching —_— 81.86 (-80.85, 244.57) 0.32

-400 -200 0 200 400
Length of stay (days) (N=11539) OR (95% CI) p-value
Hospital type

Govermental (reference)

Private — -3.38 (-5.85, -0.90) 0.01
Hospital location
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Large metropolitan areas 21M residents — 3.61 (0.89, 6.32) 0.01
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Small g -15.03 (-22.13, -7.93) <0.001

Medium (reference)

Large S -5.08 (-9.17, -0.98) 0.02
Teaching hospital

Metropolitan non-teaching (reference)

Metropolitan teaching ® -10.97 (-21.55, -0.39) 0.04
Days admission to procedure (N=11539) OR (95% CI) p-value
Hospital type

Govermental (reference)

Private —— -1.72 (-3.79, 0.35) 0.10
Hospital location

Small metropolitan areas <1M residents (reference)

Large metropolitan areas 21M residents — 2.63 (0.42, 4.84) 0.02
Bed size

Small —_— -16.05 (-20.90, -11.21) <0.001

Medium (reference)
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Metropolitan teaching ® -10.53 (-21.07, 0.02) 0.05

-20 -15 -10 -5 0 5 10

Figure 3 Multivariable generalized linear model for total charge, length of stay, and days of admission to procedure by hospital

characteristics.

$706,100 in a large hospital compared to $467,500 and
$499,300 in small and medium hospitals, respectively. No
significant difference was seen in graft rejection and graft
failure between the different size hospitals (Figure 2).
Multivariable logistic regression analysis showed no asso-
ciation between hospital size and in-hospital mortality and
30-days all cause readmissions. However, there was a sig-
nificant association between small hospital and graft re-
jection in the multivariable logistic regression model with
patients having increased odds of rejection ((odds ratio) OR
1.86, 95% (confidence interval) CI 1.02-3.39, p =0.04). In

the univariable linear model, the cost of the cardiac trans-
plantation index hospitalization was $377,200 more in re-
ference to medium hospitals (p < 0.001). The multivariable
model showed that small hospitals were associated with a
lower cost (-313.65, 95% CI -423.30 to -204.00,
p < 0.001), lower length of stay (—=15.03, 95% CI -22.13 to
=7.18, p < 0.001), and lower days of admission to proce-
dure (-16.05, 95% CI -20.90 to —11.21, p < 0.001) (Figure
3) while having patients with higher Elixhauser co-
morbidity index (small hospital Index: 8.0; medium hospital
index: 6.3; large hospital index: 6.8).
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Hospital geographic location

Only 13.5% (1,555) of transplants were performed in hos-
pitals in small metropolitan areas compared to 9,984
(86.5%) cardiac transplants performed in large metropolitan
area hospitals. In-hospital mortality was higher in small
metropolitan hospitals compared to large metropolitan
hospitals (6.8% vs 5.1%, p=0.004). Small metropolitan
hospitals had higher 30-day readmission rate at 8.3% vs
6.6% in large metropolitan areas (p=0.03). Transfer to
rehab centers was higher in large metropolitan hospitals
compared to small metropolitan hospitals (5.8% vs 2.4%,
p < 0.001). The primary payer was Medicare for the ma-
jority of small metropolitan hospitals compared to most
being private insurance in the large metropolitan hospitals.
The cost of transplantation was higher in large metropolitan
hospitals when compared to the small metropolitan area
hospitals ($732,500 vs $609,000, p < 0.001). Length of
stay was longer (26 days) in large metropolitan area hos-
pitals compared to (19 days) the smaller area metropolitan
hospitals (p < 0.001). Graft rejection and graft failure rates
were similar. The univariable and multivariable logistic
regression analyses did not show any association between
hospital location and in-hospital death, 30-day readmission,
180-day readmission, graft rejection, and graft failure
(Figure 2). Cardiac transplant was associated with higher
cost, longer length of stay, and longer days from admission
to transplant in large metropolitan hospitals when compared
to hospitals in small metropolitan areas (Figure 3). The
Elixhauser index of patients was 6.8 in large metropolitan
area hospitals compared to 6.3 in hospitals in small me-
tropolitan areas.

Hospital teaching status

Most of the transplants (11,416) were performed in
teaching hospitals with only 1% (123) of transplants per-
formed in nonteaching hospitals. There was no difference in
any of the outcomes of interest by teaching status (Figures 2
and 3).

Implementation of MCS

The percentage of patients at the time of transplant who had
a/an LVAD, IABP, ECMO, and percutaneous-ventricular
assist device (p-VAD) was 24.4%, 19.8%, 3.8%, and 3.3%,
respectively. Government-owned hospitals were sig-
nificantly more likely to utilize ECMO and p-VAD; how-
ever, private hospitals use IABPs more frequently. Of note,
we performed a subanalysis of implementation of MCS
before and after the incorporation of the new allocation
system (October 2018) (Table S6). This analysis showed a
decrease in the use of LVAD (26.9% vs 18.8%, p < 0.001)
and an increase in the use of ECMO (0.4% vs 11.8%,
p <0.001), p-VADs (1.8% vs 6.5%, p < 0.001), and
IABPs (12.8% vs 35.8%, p < 0.001). Further trends in
implementation of MCS by hospital characteristics can be
seen in Table 1.

The multivariable logistic regression model showed pa-
tients on ECMO were more likely to die in hospital (OR:
6.67; CI: [4.03-11.05], p < 0.001). On the other hand, pa-
tients on IABP were less likely to get readmitted at 30 days
(OR: 0.54; CI: [0.36-0.81], p=0.003). There was a higher
odds of graft failure in patient who received MCS with
LVAD (OR: 1.73; CI [1.24-2.42], p=0.001), ECMO (OR:
3.61; CI [2.11-6.17], p < 0.001), or IABP (OR: 1.76; CI
[1.21-2.55], p=0.003) when compared to no MCS
(Figure 4).

Furthermore, generalized linear model showed a lower
cost (—138.13; CI [-186.57 to —89.70], p < 0.001) and
length of stay (-9.24; CI [-11.37 to -7.12], p < 0.001) in
patients receiving a transplant with an LVAD. However,
other MCS methods were associated with significantly
higher cost and length of stay. Having an LVAD was as-
sociated with lower days of admission to procedure (—9.91;
CI [-11.49 to —8.32], p < 0.001). However, use of a p-
VAD or IABP was significantly associated with higher days
of admission to procedure.

Discussion

In 2022 over 4,100 heart transplants were performed in the
US, a 7.7% increase from 2021 and a gradual increase over
the last decade.'' Disparities related to patient character-
istics have been described in relation to access and out-
comes for heart transplant but there is limited understanding
on outcome differences related to center characteristics.'”'”
There are now more government-owned, smaller, non-
metropolitan, and nonteaching centers that offer solid organ
transplantation.''” In this study, using a large publicly
available dataset we analyzed outcomes after heart trans-
plant by center characteristics: ownership, size, location,
and teaching status. While higher procedural volumes are in
general associated with better outcomes, Kilic et al found
that volume accounts for only 16.7% to 18.2% of variability
in 1- and 5-year mortality, respectively.'®'” In our study,
while our reference hospital characteristics (private, me-
tropolitan, large, teaching) had more volume of patients in
our cohort not all the results were in their favor. Small
hospitals seem to maintain lower cost, lesser admission stay
with a higher patient complexity. Hence, other structural
factors beyond just the volume reflect the institutions’
ability to provide complex care for these patients could be
contributing to the quality outcomes.

Ownership has shown to impact postoperative compli-
cations in other cardiac surgeries, as the type of ownership
typically impacts system operations, costs, financial man-
agement, and personnel issues.'”'” Our study reveals that
such an impact is not obvious for cardiac transplantation in
the US as hospital ownership between government and
private had no impact on mortality during the index ad-
mission for heart transplantation. On the same page, it is
reassuring that other hospital characteristics studied (size,
location, and teaching status) did not impact hospital mor-
tality after heart transplantation. These results provide an
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Any LVAD - 1.12 (0.81, 1.54) 0.50
Any ECMO d 6.67 (4.03, 11.05) <0.001
Any impella 0.74 (0.37, 1.50) 0.41
Any balloon pump - 1.31 (0.93, 1.85) 0.12
Any LVAD - 1.27 (0.98, 1.64) 0.08
Any ECMO >~ 0.44 (0.12, 1.57) 0.21
Any impella - 0.46 (0.17, 1.25) 0.13
Any balloon pump ® 0.54 (0.36, 0.81) 0.003
Any graft failure (N=11539) OR (95% ClI) p-value
Any LVAD --— 1.73 (1.24, 2.42) 0.00
Any ECMO B S— 3.61 (2.1, 6.17) <0.001
Any impella -— 0.97 (0.49, 1.94) 0.94
Any balloon pump —-— 1.76 (1.21, 2.55) 0.003

0 2 4 6 8 10

Any LVAD —— -9.24 (-11.37, -7.12) <0.001
Any ECMO ® 8.67 (2.13, 15.20) 0.01
Any impella _ 8.76 (3.41, 14.11) 0.00
Any balloon pump — 5.75 (2.86, 8.65) <0.001
Any LVAD —— -9.91 (-11.49, -8.32) <0.001
Any ECMO —_—— -1.05 (-5.59, 3.50) 0.65
Any impella —— ——— 7.75 (3.84, 11.66) <0.001
Any balloon pump —o— 5.96 (3.78, 8.14) <0.001

-10 -5 0 5 10 15 20
Total charge (per $1000) (N=11539) OR (95% CI) p-value
Any LVAD == -138.13 (-186.57, -89.70) <0.001
Any ECMO —_— 630.10 (435.74, 824.46)  <0.001
Any impella —_— 737.99 (512.61, 963.37)  <0.001
Any balloon pump —— 177.51 (103.89, 251.13)  <0.001

200 O 200 400 600 800 1000
Figure 4 Multivariable regression model for in-hospital death, all-cause 30-day readmission, graft failure, total charge, length of stay,

and days of admission to procedure by different cardiopulmonary support. ECMO, extracorporeal membrane oxygenation; LVAD, left

ventricular assist device.

opportunity for heart transplantation to be embraced by
various hospital types to further overcome the access to
heart transplantation disparity. It is important to acknowl-
edge that majority of transplants are being performed in
private, large-sized hospitals located in large metropolitan
areas reflecting lack of access to rural America.

Another quality metric that has gained importance to
curb costs in the health care system is the hospital read-
mission rate. Hospital readmission rate is particularly im-
portant in the transplantation field, as readmissions have
been associated with increased risk of mortality and graft
failure in solid organ transplantation.”’ Thirty-day all-cause
readmission rate was lower in the government hospitals
when compared to privately owned hospitals. With rejec-
tion being identified as a top cause of 30-day readmission in
cardiac transplantation, our results showed no difference in
organ rejection by hospital ownership, location, and

teaching status.”’! However, we did see an increased odds of
rejection in smaller bed size hospitals. This could be due to
volume and center resources as described in other solid
organ transplantation, but more granular data are necessary
to evaluate this association.'” It is concerning to see an
overall high 180-day readmission rate in all institutions.
While transplant programs are held accountable for sur-
vival, there is no mandate to reduce readmission rates
currently. While 30-day readmission is low, such a high
readmission rate at 6 months does reflect a high burden of
care of these patients and might need attention for quality
improvement initiatives. The increasing cost of health care
in US has been a concern and many studies have shown
cost of care does not equate to better care.””*’ Our study
showed that the average heart transplant index admission
cost from 2016-2019 was $706,100, and the cost increased
from $584,100 in 2016 to $855,400 in 2019. This increase
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in cost was not associated with any change in patient co-
morbidities or in-hospital mortality. Even though more
granular data are needed to identify the causes of this in-
crease in cost, increase in MCS (ECMO, IABP, p-VAD)
use and hospital length of stay, as shown in our data, could
have contributed to this increase. Our data also showed that
cost of transplant episode was lower for patients bridged to
transplant with an LVAD compared to temporary MCS
devices. The current allocation policy seems to have im-
pacted the landscape of utilization of LVADs and tem-
porary MCS devices and this cost implication has not been
addressed. While we exert caution on not concluding that
the strategy of bridging with an LVAD is less costly (be-
cause the data in this study do not factor the overall cost
incurred to care for the LVAD patients from implant to
transplant), the data highlight the fact that temporary MCS
bridge to transplant does have cost implications and further
studies are needed to provide guidance in overall cost ef-
fectiveness of temporary Mechanical Circulatory Support
vs durable MCS strategy for bridging patients to heart
transplant. Furthermore, the cost of transplantation was
significantly less in nonmetropolitan areas compared to
metropolitan and in smaller bed size hospitals compared to
larger bed size hospitals. While this can potentially be
justified by the general costs in metropolitan area being
higher, further understanding might give insight into po-
tential opportunities for lowering costs if certain practice
patterns in smaller hospitals and nonmetro hospitals could
lend to this lower cost.

Limitations

There are various limitations of this study, mainly, the retro-
spective and observational analysis using an administrative
dataset. Hence, the findings in this study cannot establish cau-
sation. Yet, the large number of heart transplantations with the
ability to assess hospital characteristics does render value.
Secondly, there is a potential for measured and unmeasured
confounding not gathered by this database that can influence the
findings. Thirdly, follow-up information for these patients is not
available which can influence the outcomes of interest. Given
the provided patient linkage numbers and hospital identifiers
cannot track the same patients/hospitals across years, NRD does
not capture interstate hospitalization and does not link patients
across years, which can impact readmission data as each year of
data was considered as a separate sample year.”* Furthermore,
ICD codes from administrative data are prone to error which
can impact our findings. Lastly, most of our data represent
short-term transplant outcomes; therefore, long-term outcomes
are essential to evaluate hospital characteristics.

Conclusion

While our study showed no significant difference in in-hospital
mortality in multivariate, 30-day readmission, graft failure, or
graft rejection by hospital ownership, location, or teaching

status. These results show that cardiac transplantation models
can be translated to different hospital characteristics with similar
short-term outcomes; however, long-term data are necessary to
evaluate patient outcomes .

Appendix A. Supporting information

Supplementary data associated with this article can be
found in the online version at doi:10.1016/j.jhlto.2024.
100085.
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