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Abstract

Background—~Pediatric mechanical circulatory support (MCS) has evolved considerably over
the past decade. Though marked improvements in waitlist survival have been realized, costs have
not been reassessed. This project aimed to assess contemporary MCS costs in children bridged to
heart transplant (HT).

Methods—All pediatric HT recipients (2002—-2016) were identified from a unique, linked PHIS/
SRTR dataset. Costs were calculated from hospital charges, inflated to 2016 Dollars and adjusted
for patient-specific characteristics using generalized linear mixed-effects models. Costs and length
of stay (LOS) were compared across support strategies at the time of HT (no MCS, VAD, or
ECMO) with select subgroup analyses.

Results—A total of 2873 pediatric HT recipients were included; no MCS: 2268 (78.9%), VAD:
470 (16.4%), and ECMO: 135 (4.7%). Both VAD and ECMO were associated with greater total
hospitalization costs compared to no MCS ($755,345 and $808,771 vs. $457,086; p<0.001). Total
costs and LOS were similar between VAD and ECMO groups; however, costs and LOS were
greatest for VAD-supported patients in the pre-HT period and greatest for ECMO-supported
patients post-HT. Post-HT costs and LOS were similar between patients who did not require MCS
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and those supported with a VAD ($324,887 and 18 days vs. $329,198 and 18 days respectively,
p=NS). Outpatients with VAD support at HT demonstrated significantly lower total costs
compared to those who were inpatient with continuous flow devices ($552,222 vs. $663,071,

p=0.003).

Conclusions—MCS as a bridge to HT in children is associated with greater total costs. While
costs are similar between VAD and ECMO groups, the majority of costs associated with VAD
support is incurred pre-HT while ECMO costs are incurred primarily post-HT. Discharging
patients on VVAD support awaiting HT may represent a strategy to reduce costs in this population.
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Introduction

Methods

Mechanical circulatory support (MCS) strategies to bridge children to heart transplant (HT)
have evolved considerably over the past decade. Ventricular assist device (VAD) use in
children has increased,! and this shift has contributed to improvements in waitlist survival
and post-HT outcomes. 24 However, VAD support is known to be very resource intensive.
5-8 Mahle and colleagues reported an average hospitalization cost of $758,199 (in 2007 US
dollars) for children bridged to HT with a VAD between 2002 and 2007. 8 Interval
improvements in candidate and device selection, patient management, detection of device
complications, and an increased emphasis on outpatient management may have shifted these
costs. In fact, since the prior report from Mahle et a/. there has been a marked increase in the
use of continuous flow VADs in pediatric patients and a greater emphasis on rehabilitation
following VAD placement. 1 9 In addition to this, improvements in waitlist mortality, in part
due to the success of MCS, without a concurrent increase in the number of pediatric donors
10 has likely resulted in increased waitlist times. This may lead to longer durations of MCS
prior to HT, further impacting costs.

The aim of this study was to utilize a novel linkage between the Scientific Registry of
Transplant Recipients (SRTR) and the Pediatric Health Information System (PHIS)
databases to report contemporary cost and length of stay (LOS) data for children bridged to
HT with either VAD or extracorporeal membrane oxygenation (ECMO), compared to
patients who did not require MCS.

This study utilized data from the SRTR and the PHIS databases. The SRTR data system
includes data on all donors, wait-listed candidates, and transplant recipients in the U.S.,
submitted by the members of the Organ Procurement and Transplantation Network (OPTN).
The Resources and Services Administration, U.S. Department of Health and Human
Services provides oversight to the activities of the OPTN and SRTR contractors. The SRTR
database includes data from every organ transplant and waitlist addition within the U.S.
since October 1987. The PHIS database is an administrative database that collects clinical
and daily resource utilization data for hospital encounters from 49 tertiary care children’s
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hospitals. Hospital encounters captured by the PHIS database include inpatient
hospitalizations, observation, ambulatory surgery, and emergency department visits. The
SRTR and PHIS databases were linked at the patient level using indirect identifiers (hospital,
date of birth, sex, and date of transplant). A total of 3188 unique transplants were identified
as being present in both databases and amenable to linkage. Of these, 3057 (95.9%) were
uniquely linked and 2896 (90.8%) had complete cost data. 11

All pediatric (<21 years) HT recipients with available hospital charge information in the
linked database were included (2002 — 2016). Hospital charges were converted to costs using
year-specific and hospital-specific cost-to-charge ratios. All costs were adjusted for inflation
to 2016 U.S. dollars using the medical component of the Consumer Price Index. Costs were
assessed for the entire transplant hospitalization and then separately for the pre- and post-HT
periods. Costs were adjusted for clinical characteristics and severity of illness at the time of
HT using generalized linear mixed effects models with a random hospital intercept.
Variables included in the cost adjustment model were selected a priori to account for severity
of illness and patient demographics thought to impact hospitalization costs. Variables
included in the adjustment model were patient age, underlying cardiac diagnosis, race, blood
type, hospital, ECMO support at HT, VAD support at HT, ventilator support at HT, inotropic
support at HT, ICU length of stay post-HT, ECMO support post-HT, the need for dialysis
post-HT, and transplant year. Since costs are not normally distributed, we modeled the
natural log of actual costs. Adjusted model results were then transformed back to the
original cost scale for interpretation.

HT recipients were divided into three groups based on MCS requirement (from SRTR data)
at the time of HT: no MCS, VAD, or ECMO. Baseline demographics were compared across
MCS groups using the chi square test or Kruskal-Wallis test, as appropriate. Unadjusted and
adjusted total, pre-, and post-HT hospitalization costs were compared across MCS groups
using the Kruskal-Wallis test or Wilcoxon rank sum test, as appropriate. Given the
significant variation in cost based on underlying cardiac diagnosis,!! and the potential for
differing MCS strategies in patients with cardiomyopathy and congenital heart disease
(CHD), the analysis was repeated after stratifying by diagnosis. For patients with CHD, pre-
HT cardiac surgery during the transplant hospitalization was documented using ICD
procedure codes available in PHIS (Appendix A). To account for the impact of varying
hospital LOS, average daily pre-HT costs were calculated and compared based on pre-HT
MCS strategy. Costs were also assessed across MCS groups based on area of spending
including pharmacy, laboratory, imaging, supply, clinical, and other (primarily room and
nursing charges) costs. For those on VVAD support, costs were also analyzed on the basis of
pulsatile vs. continuous flow device type and left ventricular or biventricular support.
Additionally, given potential variations in post-HT mortality based on pre-HT MCS, the
analysis was repeated after stratifying by survival to hospital discharge. All statistical
analyses were performed in SAS version 9.4 (SAS Institute; Cary, NC) or STATA version 13
(StataCorp LLC; College Station, TX) with p<0.05 considered statistically significant. This
project was approved by the Vanderbilt University Institutional Review Board, SRTR, and
PHIS.
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A total of 2896 pediatric HT recipients were identified in the linked database. Of these, 23
patients were excluded due to use of both ECMO and VAD support at the time of HT with
an unclear temporal relationship between the modes of support. Demographics for the 2873
patients included in the analysis are shown in Table 1. A total of 2268 (78.9%) received HT
with no MCS, 470 (16.4%) from VVAD support, and 135 (4.7%) from ECMO support. The
median time on ECMO prior to transplant was 8 days (IQR 4 — 14 days) with 50 days
representing the longest duration of pre-HT ECMO support. Patients supported with ECMO
at the time of HT were more likely to be younger, require ventilator support at HT, require
post-HT iNO, and require dialysis after HT compared to both other groups. Patients
supported with ECMO at HT also demonstrated an increased incidence of stroke compared
to unsupported patients and were more likely to have prolonged mechanical ventilation post-
HT and longer ICU LOS as compared to the no MCS and VAD groups. Patients supported
with a VAD at HT were more likely to have a diagnosis of cardiomyopathy, a positive
crossmatch, and less likely to require inotropic support at HT compared to other groups.

LOS varied significantly across MCS groups (Table 1). Total LOS was significantly shorter
for the no MCS group compared to patients supported with either VAD or ECMO at the time
of HT (median: 44 days vs. 78 and 68 days respectively, p<0.001 for both). However, there
was no significant difference in total LOS between VAD and ECMO groups (p=0.129). VAD
supported patients demonstrated the longest pre-HT LOS compared to the no MCS and
ECMO groups (median: 50 days vs. 18 and 20 days respectively, p<0.001 for both).
Conversely, patients supported with ECMO had the longest post-HT LOS (median: 37 days
vs. 18 days, p<0.001 for both).

Costs based on MCS strategy are shown in Table 2. Median total adjusted costs were not
significantly different between patients on VAD support at HT and those on ECMO support
(p=0.292). However, both were significantly higher compared to the no MCS group
(p<0.001 for both). From admission to HT, costs were highest for patients supported with a
VAD, with median adjusted pre-HT costs of $420,636. This was significantly higher
compared to the no MCS and ECMO groups with pre-HT costs of $124,019 and $252,497
respectively (p<0.001 for both). Costs incurred from the time of HT to discharge were
greatest for patients supported with ECMO at the time of HT, with median adjusted post-HT
costs of $540,540 (p<0.001 compared to both other groups). These results remained
unchanged when ICU length of stay was excluded from the cost-adjustment model. Post-HT
costs increased with more prolonged duration of pre-HT ECMO support, but this did not
reach statistical significance (<1 week: $517,142, 1-2 weeks: $552,958, >2 weeks:
$668,562; p=0.293). Post-HT costs were not significantly different between those supported
with VAD at HT and those who did not require MCS ($329,198 vs. $324,887, p=0.588).

Costs based on MCS strategy stratified by underlying diagnosis are shown in Table 3. All
costs were significantly higher for patients with a diagnosis of CHD compared to those with
cardiomyopathy. Of patients with a diagnosis of CHD, 345 (25.3%) had pre-HT cardiac
surgery during the transplant hospitalization. Total costs for CHD patients remained
significantly higher than those with cardiomyopathy when excluding those who underwent
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prior cardiac surgery ($507,653 vs. $484,744, p<0.001). For both groups, either VAD or
ECMO support at HT significantly increased total hospitalization costs compared to patients
who were not on MCS at HT, but there was no significant difference in total hospital costs
between patients supported with VAD or ECMO, regardless of diagnosis. Pre-HT costs were
significantly higher for patients requiring VVAD support at HT for both cardiomyopathy and
CHD patients when compared to other forms of support. When stratifying the analysis based
on diagnosis, VAD-supported patients demonstrated higher post-HT costs compared to
patients who did not require MCS; however, post-HT costs for VAD patients remained
significantly less compared to patients on ECMO at the time of HT.

Average daily pre-HT costs are shown in Table 4. Both ECMO and VVAD supported patients
have increased daily pre-HT costs compared to unsupported patients and this remained
consistent across diagnoses. There was no significant difference in daily pre-HT costs
between patients supported with a VAD and those requiring ECMO support.

The breakdown of total, pre-HT, and post-HT costs based on area of spending are shown in
Figures 1a, 1b, and 1c. Compared to patients not on MCS at HT, patients requiring VAD
support have increased total and pre-HT costs across all areas of spending including
pharmacy, laboratory, imaging, supply, clinical, and other costs. Post-HT costs for VAD
supported patients were similar to patients who were not on MCS at HT for laboratory,
imaging, supply, and clinical costs, but VAD supported patients demonstrated higher post-
HT pharmacy ($27,944 vs. $24,271, p<0.001) and other costs ($75,978 vs. $69,514,
p=0.002) compared to patients not requiring MCS. Patients requiring ECMO support have
lower pre-HT pharmacy, imaging, supply, clinical, and other costs compared to VAD
patients, but demonstrate increased post-HT costs across all spending areas.

Costs stratified by VAD type (pulsatile vs. continuous flow and left ventricular support vs.
biventricular support) are shown in Table 5. Pulsatile devices were present in 291 (61.9%)
and continuous flow devices were used in 128 (27.2%) patients. Data was insufficient to
classify VAD type in 51 (10.9%) patients. Berlin EXCOR (Berlin Heart; Berlin, Germany)
was the most common pulsatile device used (N=241) and HeartWare HVAD (HeartWare;
Framingham, MA) was the most common continuous flow device (N=83). Use of pulsatile
VADs was associated with higher total and pre-HT costs compared to continuous flow
devices ($802,081 and $471,315 vs. $645,452 and $333,745 respectively, p<0.001 for both).
Post-HT costs were not significantly different between groups (pulsatile: $328,443 vs.
continuous flow: $308,025, p=0.181). Median adjusted costs associated with the use of the
Berlin EXCOR device were $839,027, $511,959, and $333,680 for the total, pre-HT, and
post-HT hospitalization, respectively. Median adjusted costs associated with the use of the
HeartWare HVAD device were $600,233, $297,372, and $293,497 for the total, pre-HT, and
post-HT hospitalization, respectively. Median total cost associated with VAD equipment was
$110,857 for pulsatile and $92,744 for continuous flow devices. There was no significant
difference in total or pre-HT costs between patients receiving only left ventricular support
and those who received biventricular support. However, post-HT costs were greater for
patients receiving biventricular support ($378,736 vs. $317,481, p=0.047). Median total cost
associated with VAD equipment was $83,844 for patients with left ventricular support and
$158,600 for patients receiving biventricular support.
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A total of 70 (14.9%) VAD patients were outpatient prior to HT. Total LOS was not
significantly different between outpatients with no MCS and those supported with
continuous flow devices (median: 15 days vs. 14 days respectively, p=0.890). Patients
supported with continuous flow VAD’s who were outpatient at the time of HT demonstrated
significantly lower total costs compared to those who were inpatient ($552,222 vs.
$663,071, p=0.003).

A total of 2716 (94.5%) patients survived to hospital discharge. Of the 157 patients who died
prior to discharge, 109 (69.4%) did not require MCS at HT, 13 (8.3%) were supported with a
VAD, and 35 (22.3%) were supported with ECMO. Patients supported with ECMO at HT
were significantly more likely to have in-hospital mortality following HT (p<0.001). Total,
pre-, and post-HT costs were significantly higher for patients who died compared to those
who survived to hospital discharge, regardless of pre-HT MCS. When the analysis was
limited to patients who survived to hospital discharge, the findings were unchanged from the
primary analysis. In this subgroup analysis, post-HT costs for patients supported with a VAD
were no different compared to patients not on MCS at HT ($325,414 vs. $317,559, p=0.359)
and both were significantly less than patients supported with ECMO at HT ($517,142,
p<0.001 compared to VAD and no MCS groups).

Discussion

We report contemporary cost data for children bridged to HT with VAD or ECMO from the
largest U.S. cohort to date. VAD and ECMO both significantly increase total hospitalization
costs in children undergoing HT compared to patients not on MCS. Though total costs and
LOS were not significantly different between patients on VAD or ECMO at HT, the
differences in the distribution of costs and LOS across the pre- vs. post-HT periods were
significant. The costs associated with VAD support are incurred primarily in the pre-HT
period, while patients supported with ECMO demonstrate increased post-HT costs. Patients
supported with ECMO at HT demonstrated significantly shorter pre-HT LOS, suggesting
that this was a select group of patients that was fortunate enough to receive a donor organ in
a timely fashion. While VAD supported patients demonstrate significantly higher pre-HT
costs, we believe this is most likely attributable the successful use of VADs to enable a
longer duration of support, as the average daily cost pre-HT was similar between VVAD and
ECMO groups. Following HT, VAD supported patients had similar post-HT costs and LOS
compared to patients who did not require MCS at HT. This is consistent with prior reports
demonstrating that VAD support effectively mitigates the severity of illness in children
bridged to HT.12

It is not surprising that patients requiring VAD support demonstrated increased pre-HT costs
compared to the other groups as VAD support is known to be expensive. -8 In fact, our
analysis demonstrates that patients who are bridged to HT with a VAD have increased pre-
HT costs across all areas of spending including increased pharmacy, laboratory, imaging,
supply, clinical, and other costs. So while device acquisition costs represent a large
expenditure, the increased cost associated with VAD support is not solely attributable to the
cost of the devices alone. The finding that average daily pre-HT costs were not significantly
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different between the VAD and ECMO groups, suggests that duration of inpatient support
may be driving the pre-HT cost difference observed.

When the entire cohort was analyzed, patients supported with a VAD demonstrated similar
post-HT costs compared to unsupported patients. However, when stratified by diagnosis, the
VAD group had significantly higher post-HT costs. This finding likely reflects the overall
increased costs in the CHD population in conjunction with decreased VAD utilization in this
group, thereby increasing the costs of the unsupported group relative to the VAD population
when the entire cohort was analyzed. It also highlights the need to consider separating
patients with cardiomyopathy from those with CHD for analysis, as has been noted in prior
studies. 13- 14 Importantly, despite a small increase in post-HT costs incurred by patients
requiring VAD support compared to unsupported patients, post-HT costs for VAD patients
remained significantly lower than those on ECMO at the time of HT.

Our analysis provides benchmark VAD costs based on device type. The Berlin EXCOR was
the most common pulsatile device and costs were greater compared to continuous flow
devices. While device acquisition costs may differ between the Berlin EXCOR compared to
continuous flow devices, there are multiple reasons why overall costs may be greater.
Pulsatile VADs are more likely to be used in younger patients, a group that has been
demonstrated to have higher overall costs. 11 Pulsatile devices are also associated with more
device complications,15-18 which may necessitate pump exchanges and lead to additional
interventions. Lastly, continuous flow devices are more amenable to discharging patients
from the hospital. Given that a large proportion of VAD costs are incurred during the pre-HT
period, patient discharge while awaiting HT represents a cost-saving strategy. Adults are
now routinely discharged following VAD placement 19 and there is increasing experience
with this in the pediatric population. 20-22 |n fact, 70 patients in our analysis on VAD
support were outpatient prior to transplantation. Importantly, this group demonstrated
significantly lower total costs compared to patients supported with continuous flow devices
that were inpatient at the time of HT. This suggests that as the practice of discharging
pediatric patients supported with a VAD expands, the costs associated with pediatric VAD
support may decrease.

Prior reports on the costs associated with MCS as a bridge to HT in children are limited.
Morales, et al. reported total hospitalization costs of $174,743 in 187 pediatric patients who
underwent VAD placement in 2006. 23 However, only 26% of their cohort was bridged to
HT and therefore the results cannot be directly compared with the findings of our analysis. A
separate analysis by Mahle et a/., reported a mean hospitalization cost of $758,199 (in 2007
U.S. dollars) for 94 children bridged to HT with a VAD between 2002 and 2007. 8 While
this result is comparable to our findings, it describes an earlier cohort, where use of
continuous flow devices was less common. 1 This report also describes mean costs, a likely
biased estimate given that costs are not normally distributed. 24: 25 For this reason, we
reported median costs associated with the use of MCS in the present analysis. With respect
to ECMO support to HT, multiple prior reports have documented a relatively high cost, 26 27
with one group showing that it does not meet the conventionally applied criteria for cost-
effectiveness as a bridge to HT in children. 27
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Our analysis has several limitations. A significant percentage of patients with CHD
underwent cardiac surgery prior to HT, resulting in overestimation of costs that are not
directly attributable to MCS. There is an inherent selection bias in our cohort. The decision
regarding MCS is based on multiple factors and patients who received ECMO support may
not have been suitable candidates for VAD placement. As evidence of this, in our analysis a
higher portion of patients with hypertrophic cardiomyopathy, restrictive cardiomyopathy,
and single ventricle anatomy received support with ECMO as opposed to a VAD. There are
also likely differences across groups based on severity of illness. While our analysis
attempted to account for this, there are likely factors not captured within the linked dataset
that could not be adjusted for. The linked PHIS and SRTR database only includes
transplanted patients and therefore excludes patients who were listed but not transplanted.
The impact on our analysis of excluding patients requiring MCS who did not undergo
transplantation is unknown, but represents an additional selection bias. Children bridged to
transplant with a VAD have been shown to have higher costs relative to children with VADs
who die on the waitlist and those who undergo successful device explant. & Therefore,
exclusion of these patients likely biases our analysis toward higher costs and LOS estimates
for VAD patients. In addition to this, patients supported with ECMO are less likely to
survive to HT 28 and therefore our cohort of patients on ECMO at HT is a select group with
short waitlist times, potentially underestimating costs of ECMO support by excluding
patients who had longer waitlist durations but did not survive until HT. Patients supported
with ECMO at HT also have a much higher incidence of post-HT mortality, potentially
impacting our analysis. However, the results of our analysis did not change when patients
who died prior to hospital discharge were excluded, suggesting that our findings are not
attributable to differences in post-HT mortality between MCS groups. Also, the PHIS
database does not include physician professional fees, thereby underestimating a small
proportion of costs. As expected with any large dataset, missing and erroneous data can be
problematic. While merger of these databases helps to improve data granularity, it is often
not possible to reconcile discrepancies that may occur between datasets.

Conclusion

Our analysis provides contemporary cost and LOS data for the use of MCS as a bridge to
HT in children from the largest U.S. sample to date. MCS as a bridge to HT in children is
associated with greater costs during the entire HT hospitalization relative to children without
MCS. VADs enable a longer duration of support which results in increased pre-HT costs, but
effectively minimizes post-HT resource utilization. Discharging patients on VAD support
awaiting HT represents a strategy to reduce costs in this population.
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ICD codes defining prior cardiac surgery

1CD-10 Procedure Codes

021KO0JP 02HK0JZ  02RWOKZ 02UWOKZ
021v0ZQ 02HL02Z 02SP0ZZ 02VP0OCZ
021W0JQ 02HL0JZ  02SW0zZZ  02vVQOCZ
021WOKP  02LROZT 02U50JZ 02VROCT
027RODT 02PA0JZ 02UF0JZ 02VR0CZ
02B50ZZ  02PAOMZ  02UG0JZ  02WAXRZ
02BH0ZZ  02PA0QZ 02UJ0JZ 02WY07z2
02BL0ZX 02PAORZ 02UL0JZ 03LH0ZZ
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02BNO0ZZ  02PY0JZ  02UMO07Z  03QH0zZZ
02BS0ZZ  02Q50ZZ 02UN0JZ 05L00ZZ
02BT0ZZ  02QF0ZZ 02UP07Z 06U007Z
02BW0ZZ 02QM0zZZ  02UQ07Z 0JH606Z
02CK0ZZ  02QP0ZZ  02UQOKZ  0JH60XZ
02CL0ZZ  02QQ0ZZ  02UR0JZ  O0W3C0ZZ
02H60JZ  02QR0ZZ  02UROKZ OWCD0zZ
02H70MZ  02QW0zZz 02UV07Z OWPDOYZ
02HA0QZ 02RPOKZ  02UVOKZ  3E080GC
02HAORZ  02RQ08Z  02UWO07Z
1CD-9 Procedure Codes
35.10 35.39 35.99 37.49 38.45
35.11 35.51 36.03 37.52 38.64
35.12 35.53 36.11 37.53 38.65
35.13 35.61 36.15 37.54 38.7
35.14 35.62 36.19 37.55 38.85
35.21 35.63 36.2 37.60 39.0
35.22 35.71 36.31 37.63 39.21
35.23 35.72 36.91 37.64 39.23
35.24 35.73 36.99 37.65 39.29
35.25 35.81 37.10 37.66 39.54
35.26 35.82 37.11 37.74 39.61
35.27 35.83 37.12 37.91 39.62
35.28 35.84 37.24 37.99 39.64
35.31 35.91 37.31 38.04
35.33 35.92 37.33 38.05
35.34 35.94 37.36 38.34
35.35 35.95 37.41 38.35
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a Total Cost Based on Area of Spending
350000
300000
250000
200000
150000
100000
50000
0 e B
Pharmacy costs Lab costs Imaging costs Supply costs Clinical costs Other costs
W No MCs 38482.24 31384.11 9558.351 15927.3 188757.4 125615.5
 VAD 69874.02 60634.91 17820.97 80743.05 234639.2 220816.8
mECMO 71656.51 90101 22051.83 40085.89 303060.2 217425.1

Pre-transplant Cost Based on Area of Spending

160000
140000
120000
100000
80000
60000
40000
20000
: - N
Pharmacy costs Lab costs Imaging costs Supply costs Clinical costs Other costs

= No MCS 13469.3 8562 2968 4303.9 177353 53318.3

“VAD 42672.6 38784.9 10801.2 69642.6 60106.3 145029.6

mECMO 29137.9 37754.6 8413.7 18555.8 52891.3 85926.3
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C Post-transplant Cost Based on Area of Spending
250000

Page 13

200000

150000

100000
50000
0 e
Pharmacy costs Lab costs Imaging costs Supply costs Clinical costs Other costs
m No MCS 24270.87 21232.62 6489.027 11135.52 173610.6 69514.16
VAD 27944.08 22596.45 6970.824 10516.47 165574.2 75978.41
mECMO 44185.46 45434.78 11818.76 20823.27 229153.5 119757.5
Figure 1.

Cost based on area of spending for a) Total, b) Pre-transplant, and c) Post-transplant
hospitalization. * Other costs consist primarily of room and nursing charges.

Am Heart J. Author manuscript; available in PMC 2019 July 01.



Page 14

Godown et al.

T000>  (%209) 28  (%v62) 8T (%ees) 902T (%96v) 9zvl Juejdsues | ye sadosou]
1000>  (%299) 06  (%v91) 2L (%LeT) 1T (%99T) 8Ly jue|dsues L e J0je|1UBA
(%L9) 6 (%8€) 81 (%ey) 96 (%ey) ezt av
. %1¥1) 6T (wTen) 18 (%TeT) 262 (%0'€T) €L |
eoTo0 (%8've) Lv  (%w0'€e) GST  (%l'88) 1.8  (%9'L€) 6L0T v
(wvvy) 09 (%118 ove (wovy) 866  (%C'Sy) 86CT o]
adAL poolg
1900 (%2'29) v8  (%G'.S9) 0l¢ (%9€S) 912T  (%L'vS) 0.LST XS 9[eN
(wv2) ot (%l8) 12 (%96) /2t (%2°6)  ¥9T Byio
. (eer) 8T (w002) v6  (%L91) 6.8 (%TLT) 16V OluedsiH
€00 (%TvT) 6T  (%8¢€z) 2IT  (%9L1) 00y  (%S'8T) T1€S UeDLISWY/-UBdLY
(%e59) 88  (%v0s) Lez  (%109) <29eT  (%L'8S) /89T ueIseanen
aoey
(%z2) ¢ (%S1T) £ (%2'9)  6V1 (%9'6)  6ST Juejdsuenay
51000 (wese) o (wser) 0z (wley) 2es  (%6TY)  2lS uoIsa ajaLIusA 81buIs
(%i'e9) 98  (%e8T) S8  (%zes) €6TT  (%0'8y) €9€T 8seas1q MesH [enusbuo)
(wvy) ¢ (%v2) 6 (w0€) L2 (%62) 8¢ AyyedoAworpred Joui0
(%59) ¢ (%eT1) S (%62 1L (%09) 6L AuredoAworp.ed o1ydonadAH
27000> (%59) ¢ (%¥2) 6 (%8'GT) 2ZvT  (%L'TT)  ¥ST AyredoAworpred sanoLisay
(%928) 8¢  (w8¢€6) 0S€ (weel) 659 (w6l LyOT AyyedoAworpred pajelia
(weve) o (%zo8) €&  (wrov) 668  (%v9y) 8TET AyredoAwoipred
¢100°0> sisoubeiq
(%sT1) € (%92) 2T (%L2) 29 (%L72) 9L sieak 1281
(%96) €1  (%weee) ¥8T (%922) 929  (%L82) €28 sieak LT-TT
100°0> (%6'3) 8 (%evT) L9 (wrvT) 9ze  (%OvT)  TOV s1eak 0T-9
(weer) 9z (wLlze) oeT (weez) Ges  (%L€e) 189 sieak G-T
(%2€9) 98  (wvor) L2 (wT2e) 62.  (%I'1E) 268 Teak 1>
aby
(%L%) G€T=N  (%¥'9T) 0/y=N  (%06'8.) 8922=N €.82=N
eanfen-d OWO3 ava auoN [exoL
SDIA U0 paseq salydeibowag
T 3|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am Heart J. Author manuscript; available in PMC 2019 July 01.



Page 15

1ioddns [earueyoaw Jo aouasald ay) Uo paseq suoIsa] a|d1IuaA a|buis Burredwod m:_m>.gh
1ioddns [earueydaw Jo aouasald ay) uo paseq AyredoAwolp.ed Jo swioy Burredwoo m:_m>.au
juejdsueslal pue ‘aseasip Leay [enusbuod ‘AyredoAwoipaed Burredwod ms_m>.ﬁ_Q

S3]qeLIBA SNONUIILOD 10 153) SI|[BAA [BXSNIY PUB [ed110fa1ed 10y 1581 aJenbs 1yo ays wouy mm:_g.am

(9%)N se paniodai sa|qerien [ea1106a1ed pue (94S5/ — %GZ) UeIpaw Se paliodal Sa|gelteA Snonuniuo)

Godown et al.

1900 (%0vT) 91 (%6'2) 12 (%8'2) oyt (%1'8) €81 uolesadoay derpied
7850 (%29) 6 (%s7) 12 (%es) L1T (%1'6) LvT XeloyiojAyo
1000 (%92) o1 (%z's) vz (%82) 29 (%v'e) 96 aons
80T°0 (wz02) €2 (weer) 19 (%eer) 2z (%9er) 9 abreyasiq o} Joiid uonasfey
1000>  (%v2e) 0OF (%19) 2T (%97) 0T (%g'6) 8sT sisAjelq

suoiealdwo) juejdsuel | -1s0d
100°0> (2e-9) 11 (1) ¢ (-1 ¢ (8-1) ¢ Joye|nuaA uo sheq uejdsuel ] -1sod
1000>  (9v—2¢1) e (91-v) 8 (0z-v) 6 (0z-v) 6 se@ NOI Jue|dsuelL-s0d
100°0> -0 (%6vT) 0L  (%ege) 698  (%L2E) 66 jue|dsuel | 0} Jolid JusiedinO
1000>  (622) L&  (ze—e1) 81  (16-T1) 8T (ze—e1) 81 (sheq) Aeis jo ybuaT Juejdsues-isod
1000>  (9v—¢1) 0z  (66-61) 0§ (95-1) 81 (e9-1) e (skeq) Aers Jo yBuaT juejdsuesn-aid
1000>  (66-0v) 89 (1€1-88) 8L  (16-LT) ¥ (86-02) 0% (sheq@) Aers Jo pbua [ejoL
2000 (%0€9) S8  (%wbes) 71G¢ (%L8¢) 2OTT  (%C0S) 8EYT Jue|dsuesn-1sod ONI
vv0'0 (%L€) S (we) ve (%97) 0T (%0'6) ¢evT (@) yorewsso1D aARIsod
G100 (weer) 8T  (wLLT) €8 (%L2T) 182  (%SET) 88¢ (poyyaw Aue) yoyewssold aAIISOd

- ?m_w,_ wmm_ﬁz Aﬁq.w@mzuz Aﬁm.mmw%_mmmuz m_pwwwz

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2019 July 01.

Am Heart J. Author manuscript.



Page 16

Godown et al.

“reak yuejdsuely pue ‘uejdsues-isod sisAfelp ‘Juejdsueny
-1s0d Aeis NI 4o Yibusj ‘Loddns oidosour ‘poddns Jorejiuan ‘QwA ‘(uejdsueii-isod Jo -aid) QDT ‘Jendsoy ‘adAy poojq ‘aoeu ‘sisoubelp ‘abe Jualied :sa|qeLien Buimojjoy ay 104 paisnipe [apow Hmoo\»T

OIND3 "SA QWA pue Loddns ou ‘s WA Burtedwod 1sa) WNs 3ues UOXOI[IAA dU) WO} SanjeA-d

g

100°0> (g8v'cz$ - 9T6'T6E$)  OPS'OvSS  (%lv)  SET owo3
gEN (eTT'zvv$ - 9ev'v9z$)  86T'62ES  (%F9T) 0L ava
8850 (89z'7er$ - 20v'85e$)  /88'vees  (%6'8L) 89z¢ 3UON

SOW J0 8dAL

- (Tes'svy$ - 195°2792%) 1€9'06e$  (%00T) €182 syuaned (v

anjea-d # 1500 paisnipy (%) N 150D Jue|dsue. ] -1s0d
100°0> (8/T'9v¥$ - 9T2'T9T$)  L6V'CSes  (%l'v) GET OWO3
19y (¥62'829% - Tp.'208$) 9€9'0zv$  (%P'9T) OLY ava
T000> (z8e'zezs  -85L'99%)  6T0'72T$  (%6'8L) 892Z 3UON

SOW 40 8dAL

- (z0L'20e$  -zi2'6l$)  8TL'€9T$  (%00T) €182 syuaed |1V

anfen-d # 51800 paisnipy (%) N $150D Jue|dsuel] -81d
2620 (z6€'2ST'T$ - TPE'2LS$) 1228088  (%L'7)  GET OWO3
19y (#G8'650'T$ - 6VT'085$) GPE'SSL$S  (%P9T)  OLv ava
100°0> (Lzs'vv9$ - 0.2'1v€$)  980'2GK$  (%6'8L) 892Z 3UON

SO 40 adAL

- (668'26/$ - 625'7.€$)  0/8'60S$  (%00T) €282 syusned ||v

g enren-d # S350 parsnipy (%) N 51500 uoezifendsoH [elol

ABaren1s SO uo paseq s1s092 uonezijeiidsoy juejdsuen-1sod pue ‘-aid ‘[e10] paisnlpy

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am Heart J. Author manuscript; available in PMC 2019 July 01.



Page 17

Godown et al.

Author Manuscript

FEX| (259'2L¥'T$  -€92'€69%) €9T°000'T$  (%2'9) S8 ava
100°0> (208'26/$  -206'66€$)  T26'6TG$  (%GL8)  €6TT 3UON
SOIN J0 8dAL
- (9ge'/€8% -¢6C'STYS)  GEV'2ZGSS  (%600T)  €9€T spuaned ||v
g onrend # $1500 paisnipy %N $1500 uonezijendsoH [eloL
3sessIp Leay [elusbuo)
100°0> (892'0T9$ - GT¥'99€$)  8SC'9LV$ (nse) 9or OWO3
gER (Te0'9Tv$  -995'962$)  TrT'80€$  (%E'82) €L€ avAa
100°0> (eeL'v9e$ -695'T€CS)  ove'z8zs  (%e89) 668 8UON
SO 40 adAL
- (r18's8e$  -7€S'6€T$)  9ve'e6zs  (%600T)  8IET syusned ||v
anfen-d # S1500 paisnipy (%) N 150D Juedsue ] -150d
100°0> (L67'50€$  -19.'GZT$)  89.°96T$  (%S€) 9F OWD3
FEX| (8€6'GLG$ -206'v82$)  €V6'TOVS  (%E8Z) €L€ ava
100°0> (€2T'96T$ - 1S0'09%) 89¢'0TT$  (%Z'89) 668 3UON
SOIN J0 adAL
- (zTT'szes - 519'08%) 202'89T$  (%00T)  8IET spuaned ||
anfen-d # S1500 parsnipy (%) N 1500 1ue|dsued ] -aid
952°0 (99g'2688 -GTH'9ZS$)  162'6.9$ (%se) 9v owo3
FER| (0ve'226%  -950'095$) 022’6698  (%e'82) €L€ ava
100°0> (769'GeS$ - 98Y'v0€$)  92L'26€8  (%2'89) 668 3UON
SOW 40 8dAL
- (ev9'689% - ¥8T'OVES)  vrL'v8y$  (%00T) 8IET swaned v
g onrend # $1500 parsnipy (%) N $1500 uonezifendsoH [eloL
AyredoAwoipied
sisouBelp Aq ABayen1s SOIA Uo paseq s1s02 uonezijendsoy paisnipy
€9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Am Heart J. Author manuscript; available in PMC 2019 July 01.



Page 18

Godown et al.

‘reak juedsuel) pue quejdsues-isod sisAfelp ‘uejdsuely

-150d Aels N1 o Ybus| ‘Woddns ardosour ‘Loddns Joyejiusa ‘gwA ‘(wuejdsuen-isod Jo -aid) OIND3T ‘fendsoy ‘adAy poojq ‘aoel ‘sisouielp ‘abe Jusiied :sa|qetiea Buimol|of syi 4oy palsnipe [spow 1500

#*
OWD3 'SA WA pue 1oddns ou 'sA /A Bultedwod 131 WiNS yuel UOX0I|IAA 8Y} WOy mw:_m>.n_w,
100°0> (L26'T28s - T90'99v$)  1€6'6.5% (%z9) <8 OWO3
19y (b1S'T6G8 - 670°2€€$)  0S9'vOV$ (%z9) 98 ava
1000 (6vT'88¥$ - ¥TGT62%)  TLT'V9eS  (%G8) €6TT 3UON
SO 40 adAL
- (Z0T'2TS$  -G€0'962%)  €90'€le$  (%00T) €9€T swaied ||
anjea-d # S1500 paisnipy (%) N 51507 Jue|dsued ] -150d
100°0> (69T'TTSS - €VE'SBTS)  ¥E9'STES (%z9) <8 OWO3
PEX| (T€2'€06$ - 6.0'T6€$)  L08'T9S$ (%z9) <8 ava
100°0> (z1e'v9z$ - 9.1'08%) 66G'G5T$  (%S'/8) €6TT 3UON
SO J0 adAL
- (£06°20€$ - 097'28%) 160'G.T$  (%00T) €9€T syusied ||y
anjen-d # S1500 pasnipy (%) N 1500 Jue|dsuel ] -ald
TIT0 (188'€L2'T$ - ¥09'9V9%)  €66'868% (%z9) <8 Ono3
g onfea-d # S1500 parsnipy (%) N 51500 uonezifendsoH [e101

AyredoAwolipied

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am Heart J. Author manuscript; available in PMC 2019 July 01.



Page 19

Godown et al.

Author Manuscript

SIe[|op 9T0Z 01 pareyul ‘(abuel ajiyenbisjul) ueipaw se passaldxa 150D

1591 WINS YUuel UOX0D|IAA 3} WOy sanjea-d
x

TL%°0 (tzr'ses - Tv8'v$)  96L'TT$ (%e9) S8 OWD3
1oy (e9L'czs  -9ze'v$)  1Sv'6$ (%z'9) S8 ava
100 (t.8'v2$  -S8V'2$)  evl'ss  (%S'L8) €BTT SO ON

(€9€T=N) aseasip peay [enuabuod
vEE0 (e1G'zes  -GL6'S$)  ¥e0'eT$  (wSE)  9v OWo3
FEX (090'zz$  -Gev'vs)  G98'8$ (%e'82)  €Le ava
100°0> (8ze'v1$  -ce0'e$)  996'vs  (%e89) 668 SO ON
(8T€T=N) AyredoAwolpsed

L8T°0 (0T8'v2$ - 0Sv's$)  96L'TT$  (WL'V)  SET OWD3
gEX| (8os'tes  -oev'v$)  L68'8%  (%Y'9T) oLy ava

100°0> (ovs'0zs  -28T'z$)  ST1€'s$  (%6'8L) 8922 SO ON

(€282=N) [&10L

L2NeAd  gep rendsoy Jed 1500 Juejdsueai-aid % N

sisoubBerp pue uoddns A1018|N211 [eIIURYIAW UO paseq Aep [eiidsoy Jad 1509 wuejdsuen-aid paisnipy

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript

Am Heart J. Author manuscript; available in PMC 2019 July 01.



Page 20

Godown et al.

Author Manuscript

Ly0'0 (Tov'zLvs -1€9'282%) 9gL'8.€$  (%L'T2) 20T avalg
(v06'9ev$ -Ge0'z9¢$)  T8v'L1ES  (%v'69) 9z Ajuo aval
yoddns Jenariusp
(662'TLY$ -T9L'v123)  6€€'95€$  (%60T) 1§ pawoadsun/iayio
18T°0 (695'v2v$ -26¥'09¢%) G20'80€$  (%e'lZ) 82T MOI4 snonupuod
(0sz'8vr$ -v61'692$)  evv'szes  (%6'T9) 16T a|nesind
adA1 a01neQ
- (eTT'2vvs -9ev'v9z$)  86T'6zes  (%00T) 0L  SIS09 juejdsuesi-Isod
(0zv'895% -8Y9'862%) ¥¥0'80F$  (%6'8) ¢  pawdadsun/iaylo
€8€°0 (0zs'9v9% -2v€'782%)  068'06€$  (%LT2) 20T avalg
(822'059% -070'2T€$)  009'sevs  (%v'69) 9z€ Aluo aval
10ddns Jeinatusp
(981'599% -188'v82%) v¥8'Ters  (%60T) TS pawoadsun/isyio
100°0> (See'eovs -86T°2€2$) Gvr'eees  (%e'Lg) 82T MOI4 snonunuod
(188'80.$ -868'vv€$)  GIETLVS  (%6T9) 162 3|les|nd
adA1 8018
- (zz9'629% -600'20€$) 9€9'02v$  (%00T) 0Ly  SIS0D jue|dsuest-aid
(z81'856% -969'T/G$) 185.8/$  (%6'8) ¢y  pawoadsun/iByio
7280  (¥20'6rT'T$ -6EL'T8S)  v9eThi$  (%L'TC) 20T avalg
(258'00'T$ -810'086%) Gce'LG.$  (%v'69) 9CE Aluo aval
1oddng Jenotusp
(952'7LT'T$ -€2€'TLSS)  vIT'88L$  (%6°0T) TS payoadsun/euio
100'0> (ovT'v16$ -v98'e6v$)  2Sv'Sv9$  (%egl2) 82T Mol4 shonupuod
(TTT'VET'TS -G25'729%) 180'208%  (%6'T9) 16T a|esind
adAlL a01neq
- (¥58'650'T$ -6YT'0853) GvE'SG.$  (%00T) 0LV 1509 [e10L
onead (401) vetpa (%) N

adA1 Qw/\ uo paseq s1s02 uonezijendsoy juedsuell-isod pue ‘-aid ‘[e101 paisnipy

G 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Am Heart J. Author manuscript; available in PMC 2019 July 01.



Page 21

Godown et al.

Author Manuscript

juedsueal-1sod sisAJelp 10) paau ‘Ieak juejdsuest ‘SO NDI ‘Woddns a1dosour Jojeusa ‘gwA ‘(iuejdsuen-1sod Jo -aid) QIND3T ‘[endsoy ‘adAl poojq ‘aael ‘sisoubelp ‘aby

:[9pow Juawisnipe-ysii ul papnjoul SajqereA
SIe[jop 9T0Z 01 parejyul ‘(abuel ajnsenbisiul) ueipaw se passaldxa 150D

AavAIg 0} QWA PUB QWA MOJJ SNonunuod 0 afires|nd Buriedwod 1s81 WNS uel UOX0D|IAA 8y} W0y sanjeA-d
*

(TS+'207$ -GTE'T82%)  298'05€$  (W6'8) ¥ pawoadsun/ieyio

Lnrend (4O1) ueIpsI %) N

Author Manuscript Author Manuscript Author Manuscript

Am Heart J. Author manuscript; available in PMC 2019 July 01.



	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References
	Appendix A. ICD codes defining prior cardiac surgery
	Table T6
	Figure 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

