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ABSTRACT

The use of ventricular assist devices (VADs) as a bridge to transplantation (BTT) has evolved considerably as clinical
experience has grown and newer generation devices have become available. This study investigated the impact of VAD
implantation on the clinical and economic outcomes of patients undergoing heart transplantation in the United States
(US) from 2003-2007. A retrospective study was carried out using the Nationwide Inpatient Sample, to track the char-
acteristics and outcomes of an estimated 7859 patients undergoing heart transplantation in the United States from
2003-2007. Patients were divided based on whether they were bridged to transplant with a VAD and whether they were
outpatient (VAD Outpt) or inpatient (VAD Inpt). Multivariate analysis was performed to identify risk factors for in-
hospital mortality following heart transplantation. Hospital costs were also measured. A VAD was used as a BTT in
20.8% of patients undergoing heart transplantation during the study period. Early in the series the frequency of VAD
Outpts and Inpts was similar but in later years patients were more commonly bridged as outpatients. Hospital mortality
for the entire population was 6.2%. Multivariate analysis identified several risk factors for mortality, including ad-
vanced age, history of congenital heart disease, and VAD Inpt status. VAD Inpt status was the strongest predictor of
mortality. The hospital cost of patients bridged as inpatients was more than double the cost of outpatients. Median hos-
pital cost declined by 11% over the study period, from $115,868 to $103,578. Much of this cost reduction was related to
the shift in VAD status from Inpt to Outpt. Heart transplant recipients are increasingly bridged to transplantation with
VADs as outpatients. Those bridged as inpatients have substantially higher hospital mortality and cost. These findings
have important clinical implications and should inform policy development, resource utilization and donor allocation.
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1. Introduction system [7-11]. Currently, there is considerable variation
among heart transplant centers in the utilization of VADs
as BTT and the clinical circumstances under which pa-
tients are selected for this therapy.

This study was undertaken to investigate the impact of
ventricular assist device implantation on the clinical and
economic outcomes of patients undergoing heart trans-

plantation in the United States. A retrospective study was

Ongoing limitations in donor heart supply and improve-
ments in ventricular assist device (VAD) technology
have led to increased utilization of VADs as a bridge to
transplantation [1-5]. Decreasing mortality and cost of
VAD usage in the post-REMATCH era suggest improve-
ments in care and resource utilization for patients requir-
ing mechanical circulatory support [6]. The impact of

prior VAD implantation on heart transplant outcomes has
been assessed extensively but uncertainty persists on how
the BTT pathway affects transplant outcomes and how
this pathway can be optimized for greatest net benefit to
the heart transplant population and to the healthcare
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carried out utilizing the Nationwide Inpatient Sample
(NIS), a project of the Agency for Healthcare Research
and Quality [12]. This database is the largest all-payer
inpatient database publicly available in the United States
and allows analysis of national trends in health care
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utilization, outcomes, and charges. Given the current
economic challenges faced by the health care system,
studies of treatments and treatment pathways that meas-
ure quality as well as cost will be important to assess the
efficiency of health care delivery.

2. Materialsand M ethods

Data were selected from the NIS combining years 2003-
2007. The NIS is a stratified randomized 20% sample of
patient discharge abstracts from non-federal hospitals. In
combining the multiple years of NIS data, the revised
statistical weights for comparisons across time were
used.

Cases were included in the analysis if they had a re-
corded ICD-9 procedure code of VAD implantation,
37.62 (“Insertion of non-implantable heart assist sys-
tem”), 37.65 (“Implant of external heart assist system”),
or 37.66 (“Insertion of implantable heart assist system”);
explant codes 37.64 (“Removal of external heart assist
system(s) or device(s)”) or 97.44 (“explantation [removal]
of percutaneous external heart assist device”); and lastly,
heart transplantation codes 37.5 or 37.51 (“Heart trans-
plantation”).

Patient comorbidities were defined based on diagnosis
codes present in the discharge abstract.

Charge data were adjusted for inflation using the Con-
sumer Price Index published by the US Department of
Labor, Bureau of Labor Statistics. The specific series
used were US city average all items (CUUS0000SAO)
and US city average medical care services (CUUS0000-
SAM?2). The medical care services series includes pro-
fessional services, hospital and related services, and
health insurance. Charge data were normalized to 2007
dollars.

This study was approved by the Institutional Review
Board at Oregon Health & Science University. Individual
consent was waived.

3. Resaults

Adult patients (age 18 years or greater) in the NIS data-
base undergoing heart transplantation from 2003-2007
were identified (Table 1). The estimated number of pa-
tients captured by the NIS database over this period was
7859. The number of adult heart transplant recipients in
the United States tracked by the Organ Procurement and
Transplantation Network over the same period was 9066
[13]. The NIS database therefore provided an 86.7%

Table 1. Number of heart transplant proceduresin the Uni-
ted States from 2003-2007 identified in the NI S database.

Year 2003 2004 2005 2006 2007 Total

Number of Transplants 1845 1191 1719 1686 1418 7859
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sample for patients undergoing heart transplantation in
the United States, sufficient to perform an analysis of cli-
nical and financial outcomes.

We evaluated the impact of VAD utilization on heart
transplant outcomes. The frequency of VAD utilization
as a bridge to transplantation was tracked over the study
period (Figure 1). The overall frequency of VAD utiliza-
tion as a bridge to heart transplantation (VAD Total) in-
creased over the five year period from 14.0% to 21.2%.
The frequency of patients bridged to transplant solely as
inpatients (VAD Inpt) was stable over the study period.
The NIS database does not contain data fields that allow
discrimination between VAD type or indication for left
(LVAD), right (RVAD), or biventricular support (Bi-
VAD).

The demographic summary of adults undergoing heart
transplantation in the NIS database is listed in Table 2.
The demographic data for the NIS heart transplant popu-
lation is similar to previously published reports describ-
ing the United States heart transplant and other cardiac
surgery patient population [14,15]. The majority of heart
transplant recipients in the NIS database for this time
period were male (75%) and had a primary diagnosis of
ischemic heart disease or cardiomyopathy. The NIS da-
tabase also provides information on the hospital setting
and health insurance status of recipients.

Hospital mortality following heart transplantation va-
ried considerably based on specific VAD status, particu-
larly between inpatients and outpatients. The hospital
mortality for all patients over the study period was 6.2%
(Table 3). This overall mortality rate is consistent with
previously published studies reporting early mortality
following heart transplantation in the United States and
abroad over a similar era [7,16,17]. Patients not sup-
ported with a VAD or supported with a VAD as an out-
patient had similarly low hospital mortality. Patients sup-
ported with a VAD as a BTT as inpatients had a strik-
ingly higher mortality of 25.6%.
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Figure 1. Frequency of VAD utilization as bridge to trans-
plantation in the United States from 2003-2007.
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Table 2. Demographic information of adult patients undergoing heart transplant in the NI S database from 2003-2007.

Characteristic No BTT (n = 6227) VAD Outpt (n =983) VAD Inpt (n = 649)

Age, mean (SD), y 51(28) 50 (27) 47 (30)

Male (%) 73.1 82.4 80.7

Underlying diagnosis (%)
Congenital 3.6 1.6 4.7
Ischemia 449 44.5 46.5
Cardiomyopathy 47.5 47.8 39.8
Other 4.1 6.1 9.0

Hospital type (%)

Urban, teaching 93.9 94.3 95.5
Urban, nonteaching 6.1 5.7 4.5
Primary payer (%)

Private insurance 49.9 46.7 58.5
Medicare 29.5 24.7 19.9
Medicaid 12.6 19.6 14.2
Self-pay 1.4 0.9 0.8

Other/unknown 6.6 8.1 6.7

Table 3. Hospital mortality, overall and by VAD BTT sta-
tus for patients undergoing heart transplantation in the
United States from 2003-2007.

Transplants Deaths Mortality (%)
All 7859 487 6.2
No BTT 6227 261 4.2
VAD Outpt 983 60 6.1
VAD Inpt 649 166 25.6

A multivariable analysis was performed using avail-
able NIS clinical data to understand whether bridging to
transplantation with a VAD as either an inpatient or an
outpatient was an independent risk factor for hospital
mortality (Table 4). As with other previously published
studies, age and underlying diagnosis of congenital heart
disease were independent risk factors for hospital mortal-
ity following heart transplantation [5,7,18-23]. Outpa-
tient BTT showed a trend toward higher hospital mortal-
ity but did not reach statistical significance. This finding
also is consistent with previously published studies which
have shown variable effects of bridging to transplant
with implantable left ventricular assist devices, which is
the likely form of circulatory support represented by this
NIS population. As seen in the unadjusted data, inpatient
BTT status was found to be the strongest predictor of
hospital mortality, and was associated with a nine-fold
increased risk of hospital mortality following heart trans-
plantation.

Inpatient VAD support prior to transplant also sub-
stantially increased the hospital cost associated with the
heart transplant admission (Table 4). The median inpa-
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tient cost of heart transplantation for patients who were
not supported with a VAD was $99,000 (2007 healthcare
dollars). Patients who were supported as outpatients had
a modestly increased cost ($17,174) that did not reach
statistical significance. Inpatient VAD support was asso-
ciated with a more than doubling of hospital cost associ-
ated with heart transplantation. Over time, the overall
inpatient cost of heart transplantation declined from
$115,868 to $103,578 (2007 healthcare dollars) (Figure
2). This improvement was driven by the decreasing cost
of transplanting VAD Outpts.

The increase in hospital cost among VAD Inpts was
associated with a substantially longer hospital length of
stay (Table 5). The mean LOS among VAD Inpts was
approximately four-fold higher than that observed for
VAD Outpts and patients who were not bridged to trans-
plant. The majority of this increased LOS was related to
longer pre-transplant hospitalization among VAD Inpts.
The post-transplant LOS was similar between the three
groups.

4. Discussion

This study demonstrates an increasing utilization of
VADs as bridge to transplantation in the United States
from the years 2003-2007. We further analyzed the
changes in the clinical setting of VAD support that may
have occurred during the study period. The NIS database
did allow us to identify patients who underwent their
VAD implant procedure at a separate hospitalization
from their heart transplant procedure and therefore were
supported with a VAD as an outpatient prior to being
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Table 4. Multivariable analysis of association of demographic factorsand VAD BTT status on hospital mortality and cost of

transplant hospitalization.

Response Variable

Hospital Mortality

Cost (2007 healthcare dollars)

Variable Odds Ratio (95% ClI) p value Cost difference (95% ClI) ($) p value
Age 1.044 (1.022, 1.065) <0.0001 =195 (—546, 154) 0.2690
Female gender 1.375 (0.882, 2.145) 0.1603 9151 (1030, 17,272) 0.0278
Underlying diagnosis 0.0009 0.0005
Congenital heart disease 4.188 (1.853, 9.465) 0.0006 18,590 (2775, 39,956) 0.0870
Ischemia 1.112 (0.776, 1.593) 0.5627 2681 (—6220, 11,582) 0.5496
Cardiomyopathy 1.0 (Reference) 0.0 (Reference)
VAD status <0.0001 <0.0001
No BTT 1.0 (Reference) 0.0 (Reference)
VAD Outpt 1.716 (0.939, 3.136) 0.0795 17,174 (2654, 31,694) 0.0212
VAD Inpt 9.904 (5.959, 16.462) <0.0001 146,273 (116,101, 176,446) <0.0001
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Figure 2. Median cost, overall and split by VAD status. Cost expressed in 2007 healthcare dallars.

transplanted. When segregated in this fashion, it account-
ed for the increase in the overall frequency of VAD uti-
lization as a bridge to transplantation. The increase in
VAD utilization was driven primarily by increases in
VAD support and wait listing in an outpatient setting.
The proportion of patients who underwent VAD implan-
tation and heart transplantation while remaining as inpa-
tients was stable throughout the study period.

This shift in treatment pathway was made possible by
improvements in implantable VAD technology occurring
over this time period that have made outpatient circula-
tory support increasingly safe [24,25]. The shift toward
outpatient VAD support and wait listing was justified by

Copyright © 2013 SciRes.

the clinical outcomes of patients transplanted via this
pathway. Patients supported as outpatients had similar
hospital mortality for their heart transplant procedure as
patients who were not bridged to transplant with a VAD.
Patients bridged to transplant in an inpatient setting
had a markedly higher mortality in contrast. An inpatient
setting for wait listing with a VAD was the strongest
independent predictor of mortality identified. The poor
early results of heart transplantation and the greatly in-
creased cost of the heart transplant hospitalization asso-
ciated with this pathway underscore the value to the pa-
tient and healthcare system of timely referral of the ad-
vanced heart failure patient whom are candidates for
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Table 5. Hospital length of stay (LOS), pre- and post-operative LOS by BTT status for heart transplant hospitalization. Val-

ues are median with interquartilerange in parentheses.

NoBTT VAD Outpt VAD Inpt All
LOS, total, days 17 (11 -37) 19 (12 - 36) 63 (36 - 115) 20 (11 - 42)
Pre operative L OS, days 1(0-15) 1(0-14) 38 (14 - 82) 1(0-19)
Post operative LOS, days 13(9-18) 16 (10 - 24) 21 (12-32) 13 (10 - 20)

implantable LVAD systems that allow a period of end or-
gan recovery and wait listing as outpatients. It also raises
the possibility that patients salvaged with external
LVADs or BiVADs may have improved survival at the
time of subsequent heart transplantation if they can be
transitioned to an implantable LVAD that allows for out-
patient recovery and wait listing. From a health system
perspective, the more frequent use of the VAD Outpt
versus the VAD Inpt pathway led to decreased overall
hospital costs associated with heart transplantation over
the study period.

This study demonstrates the feasibility of using ad-
ministrative databases to study both clinical and financial
outcomes of advanced heart failure patients. In the cur-
rent era of heathcare reform, it is important for fields
with high resource utilization to carefully consider their
impact on the healthcare system. Further study is neces-
sary to define the cost-benefit relationship of different
treatments and care pathways for patients with advanced
heart failure.

Unfortunately, the NIS database does not provide suf-
ficient clinical information to better characterize the
VAD Inpt group to understand what specific clinical
characteristics portend hospital mortality at the time of
transplantation [14]. Further study is needed to identify
risk factors such as VAD device type and degree of end
organ failure that may be modified to improve outcomes
at the time of heart transplantation. Ideally, future studies
will allow the design of algorithms that direct patient
care toward pathways, such as outpatient mechanical cir-
culatory support, that are associated with improved out-
comes to both the patient and healthcare system.
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