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Abstract

Importance—Percutaneous ventricular assist devices (PVADSs) provide robust hemodynamic
support compared with intra-aortic balloon pumps (IABPs), but clinical use patterns are unknown.

Objective—To examine contemporary patterns in PVAD use in the United States and compare
them with use of IABPs.

Design, Setting, and Participants—Retrospective study of adults older than 18 years who
received a PVAD or IABP while hospitalized in the United States (2007-2012).

Main Outcomes and Measures—Temporal trends in utilization, patient and hospital
characteristics, in-hospital mortality, and cost of PVAD use compared with IABP.

Results—During 2007 through 2012, utilization of PVADs increased 30-fold (4.6 per million
discharges in 2007 to 138 per million discharges in 2012; P for trend < .001) while utilization of
IABPs decreased from 1738 per million discharges in 2008 to 1608 per million discharges in 2012
(P for trend = .02). In 2007, an estimated 72 hospitals used PVADs, increasing to 477 in 2011 (P
for trend < .001). The number of hospitals with an annual volume of 10 or more PVAD procedures
per year increased from 0 in 2007 to 102 in 2011 (21.4% ofPVAD-using hospitals; P for trend < .
001). Among PVAD recipients, 67.3% had a diagnosis of cardiogenic shock or acute myocardial
infarction (AMI). There was a temporal increase in the use of PVADs in older patients and
patients with AMI, hypertension, diabetes mellitus, and chronic kidney disease (P for trend < .001
for all). Overall, mortality in PVAD recipients was 28.8%, and mean (SE) hospitalization cost was
$85 580 ($4165); both were significantly higher in PVAD recipients with cardiogenic shock
(mortality, 47.5%; mean [SE] cost, $113 695 [$6260]; P < .001 for both). The PVAD recipients
were less likely than IABP recipients to have cardiogenic shock (34.3% vs 41.2%; P = .001), AMI
(48.0% vs68.6%; P < .001), and undergo coronary artery bypass graft surgery (6.2% vs 43.2%; P
<.001), but more likely to undergo percutaneous coronary intervention (70.9% vs 40.4%; P <.
001). In propensity-matched analysis, PVADs were associated with higher mortality compared
with IABP (odds ratio, 1.23 [95% Cl, 1.06-1.43]; P =.007).

Conclusions and Relevance—There has been a substantial increase in the use of PVADs in
recent years with an accompanying decrease in the use of IABPs. Given the high mortality,
associated cost, and uncertain evidence for a clear benefit, randomized clinical trials are needed to
determine whether use of PVADs leads to improved patient outcomes.

Cardiogenic shock is characterized by severe myocardial dysfunction, impairment in organ
perfusion, and high mortality.1 Until recently, options for rapid mechanical circulatory
support were limited to intra-aortic balloon pumps (IABPSs). Recently, percutaneous
ventricular assist devices (PVADs) were approved by the Food and Drug Administration
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(FDA) for temporary mechanical circulatory support. The Impella (Abiomed Inc) device is a
catheter-based pump that is inserted via the femoral artery, advanced over a wire, and
positioned across the aortic valve. The inlet of the device, positioned in the left ventricle,
draws blood from the left ventricle and pumps it into the aorta. Conversely, the
TandemHeart (CardiacAssist Inc) is a continuous-flow external pump.2:3 The device
withdraws oxygenated blood via a large cannula inserted into the left atrium via transseptal
route and then pumps it into the arterial system using a cannula inserted in the femoral
artery. Both these devices can be readily inserted in the cardiac catheterization laboratory
and provide up to 5 L per minute of cardiac output.

Clinical practice guidelines support the use of PVADs in patients with (1) cardiogenic shock
as a “bridge to recovery” (class I1a), (2) acute myocardial infarction (AMI) with cardiogenic
shock (class 11b), and (3) high-risk percutaneous coronary intervention (PCI) (class I1b).4°
This is based on data showing superior hemodynamic parameters (eg, mean arterial
pressure) with PVADs compared with IABPs.%7 However, a reduction in hard clinical end
points with PVADs has not been established.8-11 The PROTECT Il trial, which compared
Impella 2.5 with IABP in elective high-risk PCI and was powered for clinical end points,
was stopped early because of futility.1! Given the lack of high-quality evidence from
randomized trials, we examined contemporary patterns in the use of PVADs in the United
States and compared them with IABPs.

The study was approved by the University of lowa Institutional Review Board, which
waived the requirement for informed consent because the study used deidentified data.

Data Sources

The National Inpatient Sample (NIS) is the largest all-payer in-patient database in the United
States.12 Developed by the Agency for Healthcare Research and Quality, it comprises a 20%
sample of all inpatient discharges from US hospitals. The database contains deidentified
information regarding each hospitalization, including demographic characteristics,
admission status, comorbidities, discharge diagnoses, procedures, outcomes, and cost of
hospitalization. Patients admitted under observation status and patients admitted to short-
term rehabilitation hospitals, long-term non-acute care hospitals, psychiatric hospitals, and
alcoholism or chemical dependency units are not included. In the present study, we used
data for the years 2007 through 2012.

The design of the NIS changed during our study.!3 Between 2007 and 2011, the NIS
comprised all inpatient discharges (100%) from a random 20% sample of acute-care
hospitals in the United States. Patient-level and hospital-level weights were provided to
obtain national estimates. However, in 2012, instead of including all discharges from a 20%
sample of hospitals, the database was constructed using a systematic sampling of 20% of
discharges from all (100%) hospitals stratified by hospital, census division, ownership
status, urban vs rural location, teaching status, and bed size, as well as patient diagnosis-
related group and admission month. Moreover, the discharge universe was redefined using
the state in-patient database. Prior to release of the 2012 data, the impact of these changes
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was closely studied (see Supplement).13 To facilitate patient-level trend analysis, a new set
of weights called “trend weights” were developed for the 2012 data, as well as for data for
previous years (1993-2011).1214 The trend weights are meant to replace the original NIS
discharge weights for trend analysis spanning 2012 and earlier NIS data, to facilitate
comparison of estimates from previous years with the 2012 data. We used the newly
provided trend weights for all patient-level analyses.1* For hospital-level analyses, the NIS
report does not describe the impact of the 2012 sampling methodology on hospital-level
trends. Whereas the NIS data include a 20% sample of all discharges in the United States
and discharging hospital is included in the sampling frame, the report states that the fraction
of patients included from each hospital may vary as a result of missing data.}® Such
variability would affect estimates of hospital PVAD volume for 2012. Because of the
uncertainty regarding the appropriate methods to perform hospital-level trend analyses with
data spanning year 2012, we have restricted hospital-level trend analysis to 2007 through
2011, when the sampling methodology was constant.1®

Study Population and Variables

We used International Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes to identify all hospitalized adults aged at least 18 years who underwent
implantation of a PVAD (ICD-9-CM code 37.68) or IABP (ICD-9-CM code 37.61), during
2007 through 2012. Data elements in the NIS include demographic characteristics (age, sex,
race), primary and secondary discharge diagnoses, and procedures. The discharge diagnoses
and procedures were recoded using the clinical classification of diseases (CCS) software
into broad categories, available as separate variables within the NIS data set. We used the
CCS coded discharge diagnoses for comorbid conditions. When CCS codes were not
available, we used ICD-9-CM codes. We were also interested in examining how use of
circulatory support devices differed in important subgroups. Because the NIS data set does
not include information on procedural indication for PVAD implantation, we indirectly
inferred indication using the discharge diagnoses and procedure codes and created the
following 4 hierarchical subgroups: (1) cardiogenic shock, (2) AMI without cardiogenic
shock, (3) PCI without AMI or cardiogenic shock, and (4) other. Other study variables
included insurance status (Medicare, Medicaid, private, other), admission status (elective or
non-elective), length of stay, and hospital characteristics (rural vs urban, teaching status, bed
size, and ownership). Cost of hospitalization was obtained by multiplying hospital charges
with the cost-to-charge ratios for each hospital for a given year, and indexing to year 2011 to
adjust for inflation.18 Cost-to-charge ratios were not available for 2012.

Statistical Analysis

We followed there commendations from the Agency for Health-care Research and Quality
for analysis using survey data. Survey-specific statements (eg, SURVEYFREQ,
SURVEYMEANS) were used to obtain descriptive statistics. Patient-specific and hospital-
specific discharge weights were used to obtain national estimates. For analysis of
subpopulations, we used a domain analysis to ensure that our estimated population statistics
and measures of variance were accurate.” For tests of trend, we used the Cochrane
Armitage test of trend for categorical variables and survey-specific linear regression for
continuous variables.

JAMA Intern Med. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Khera et al.

Results

Page 5

First, we examined temporal trends in PVAD use (humber of PVADs divided by number of
discharges per million) and PVAD volume both overall and within clinical subgroups. We
compared trends in PVAD use with trends in IABP use over the same period. Next, we
examined temporal trends in characteristics of hospitals that performed PVAD implantation
during the study period. Next, we examined trends in patient characteristics, in-hospital
mortality, length of stay, and cost of hospitalization in the PVAD cohort over time. Cost and
length of stay were log-transformed because they were not normally distributed, and trends
in geometric means were examined.18 For analysis of calendar year trends in mortality, we
adjusted for trends in patient characteristics over time using a multivariable logistic
regression model for survey data (SURVEYLOGISTIC) and also accounted for hospital-
level clustering of patients and the sampling design in our models using CLUSTER and
STRATA statements, respectively. We included calendar year as a categorical variable and
adjusted for all patient-level variables listed in eTable 1 in the Supplement. We also
examined whether risk-adjusted mortality differed within our defined subgroups using
similar methods.

Next, we compared patient characteristics and clinical outcomes between PVAD and IABP
recipients. For this analysis, we excluded patients who received both IABP and PVAD
during the same hospital stay. Differences in patient characteristics were compared using the
Rao-Scott y2 test for categorical variables and survey-specific t test for continuous variables.
Finally, we examined whether the use of PVAD compared with IABP was associated with
lower mortality. Given that patients who receive PVAD may differ from those who receive
IABP in terms of baseline risk and disease severity (confounding by indication), we used a
matched propensity score design for survey data to account for indication bias. To minimize
confounding due to between-hospital differences in patients who receive IABP at hospitals
that do not use PVVADs, for the propensity-matched analyses we restricted the IABP
recipients to only PVAD-using hospitals. Details of the propensity score estimation model
and matching algorithm are provided in the Supplement. Briefly, we used a
nonparsimonious multivariable logistic regression model to determine each patient's
propensity of receiving a PVAD. In addition to patient-level covariates, we also included
patient-level NIS weights in the propensity estimation model as recommended for such
analyses using survey data.1® We then performed 2:1 matching between IABP and PVAD
recipients based on propensity scores with a caliper width of one-quarter of the standard
deviation of the logit of the propensity score, as well as the nearest available Mahalanobis
metric20 (eMethods in the Supplement).We used the Cochrane Mantel-Haenszel test for
matched data to compare the effect of PVAD with that of IABP on in-hospital mortality. All
analyses were performed using SAS software, version 9.4 (SAS Institute).

We found 2231 patients who received a PVAD, which translated to an estimated total of 10
793 patients in the 46 US states represented in the NIS. Between 2007 and 2012, there was a
30-fold increase in the estimated annual PVAD utilization (from 4.6 per million discharges
in 2007 to 138 per million discharges in 2012) (Figure 1A) and a 25-fold increase in the
estimated annual PVAD implantation volume (from 167 in 2007 to 4245 in 2012) (P for
trend < .001 for both) (eFigure 2 in the Supplement). An increase in PVAD utilization was
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seen within all subgroups, with the greatest increase in patients with cardiogenic shock
(from 1506 per million in 2007 to 19 913 per million in 2012; P for trend < .001) (Figure
1B). In contrast, the estimated annual IABP utilization increased slightly between 2007 and
2008 but decreased there after—both overall (P for trend = .02) (Figure 1A) and within the
subgroups of patients with cardiogenic shock and AMI without cardiogenic shock (P for
trend < .001) (Figure 1C). Utilization of IABP increased slightly in the subgroup of patients
with PCI without cardiogenic shock or AMI (P for trend <.001) (Figure 1C).

The estimated number of hospitals implanting PVADs increased from 72 in 2007 to 477 in
2011 (P for trend < .001) (Table 1). Median (range) hospital PVAD volume increased from
1 (1-6) to 2.9 (1-31), and the number of PVAD-using hospitals using more than 10 PVADs
per year increased from 0 in 2007 to 102 in 2011 (21.4% of all PVAD-using hospitals; P for
trend <.001) (Table 1). Whereas a majority of PVAD-using hospitals were teaching, had
large bed size, and were not for profit, the proportion of small and medium-sized hospitals
(P for trend <.001) as well as for-profit hospitals (P for trend = .01) implanting PVADs
increased over time (Table 1).

The mean (SE) age of PVAD recipients was 65.0 (0.4) years. During the study period, there
was a temporal increase in older age, comorbidities (eg, diabetes mellitus, hypertension,
chronic kidney disease), use of PCI, and patients with Medicare insurance (Table 2).
Overall, 45.4% had cardiogenic shock, 52.3% had AMI, 70.1% had congestive heart failure,
and 66.9% received PCI (Table 2). Patient characteristics and outcomes according to the 4
subgroups are provided in eTable 2 in the Supplement. Patients with cardiogenic shock had
a significantly higher prevalence of cardiac arrest, liver disease, and requirement of
mechanical ventilation (P < .001 for all) (eTable 2 in the Supplement). Overall in-hospital
mortality in PVAD recipients was 28.8% and remained unchanged over time in adjusted
analyses (P for trend = .82) (Table 2). Mortality was highest in patients with cardiogenic
shock (47.5%), which persisted even after differences in patient characteristics were
accounted for (eTable 2 in the Supplement). The overall mean (SE) cost of hospitalization in
PVAD recipients was $85 580 ($4165) and remained unchanged over time (Table 2). Mean
(SE) cost was higher in PVAD recipients with cardiogenic shock ($113 695 [$6260])
compared with those with AMI without cardiogenic shock ($63 485 [$2458]) and PCI
without cardiogenic shock or AMI ($48 900 [$1934]). In comparison, the mean (SE) cost of
hospitalization in IABP recipients was $55 168 ($979).

We also compared patient characteristics and outcomes in PVAD (n = 1675, unweighted)
and IABP (n = 63 384, unweighted) recipients after excluding patients who received both
devices during the same hospital stay (Table 3). Compared with IABP recipients, PVAD
recipients were less likely to have cardiogenic shock, AMI, and undergo coronary artery
bypass graft surgery but more likely to have congestive heart failure or chronic kidney
disease and undergo PCI (P <.001 for all). We conducted a propensity score—matched
analysis (eTable 3 in the Supplement) and successfully matched 1446 patients (86% of
sample, unweighted) who received a PVAD with 2888 patients who received an IABP. We
confirmed that matching was successful in achieving covariate balance between the PVAD
and IABP groups as demonstrated by a standardized difference of less than 10% for all
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covariates after matching (Figure 2). In propensity score-matched analysis, use of PVAD
was associated with higher mortality (odds ratio, 1.23 [95% CI, 1.06-1.43]; P =.007).

Discussion

We found a 30-fold increase in the utilization of PVADs in the United States over a 6-year
period. The marked increase in PVAD utilization nationally has occurred because of both an
increase in volume at each hospital, as well as introduction of PVAD procedures to new
hospitals, and has been accompanied by a simultaneous decrease in the utilization of IABPs.
We found that PVADs are being increasingly used in an older and sicker population, and
most PVAD recipients have cardiogenic shock or AMI. Mortality among PVAD recipients
is high (28.8%), especially in patients with cardiogenic shock (47.5%). Although
substantially more expensive than IABPs, we did not find PVAD use to be associated with
lower mortality in a matched propensity score analysis. A number of our findings are
important and merit further consideration.

Several factors have likely contributed to the national trends in utilization of PVADs and
IABPs observed in our study. First, before the introduction of PVADs into clinical practice,
there was a relative dearth of temporary mechanical circulatory support devices, which were
mostly limited to IABPs. Compared with IABPs, which only provide 0.5 L/min of cardiac
output, PVADs provide more robust hemodynamic support (up to 5 L/min).10:2 Clinical
studies have shown that P\VADs are more effective in improving hemodynamic parameters
in patients with cardiogenic shock such as improvement in cardiac index (mean difference,
0.35 L/min/m?), mean arterial pressure (mean difference, 12.8 mm Hg), and reduction in
pulmonary capillary wedge pressure (mean difference, 5.3 mm Hg).8 Second, recent
randomized clinical trials have questioned the benefit of IABP in reducing mortality for
patients with AMI with cardiogenic shock undergoing early PCI or elective high-risk
PCI.22:23 Both factors may partly explain the shift in enthusiasm away from IABP toward
PVAD that we observed. Third, PVADs can be readily inserted in the cardiac catheterization
laboratory using standard percutaneous techniques. As a result, a number of interventional
cardiologists have become facile with implanting these devices. Finally, expedited
regulatory approval, aggressive marketing from device manufacturers, physician training
programs, and generous physician and hospital reimbursement for using PVADs may have
also contributed to the growth in PVAD volume nationally.?4

Whereas improvement in hemodynamic parameters with PVAD implantation has been
documented, improvement in survival has not been proven. The PROTECT Il trial was
designed to evaluate whether use of the Impella 2.5 was superior to IABP in patients
undergoing elective high-risk PCI. After less than 70% of enrollment was completed, the
trial was stopped early because of futility. The primary end point-a combination of 10
intraprocedural and postprocedural events at 30 days—occurred in 35.1% in the Impella
group and 40.1% in the IABP group (P = .23). In the per-protocol analyses, there was a
lower incidence of the primary end point in the Impella group (40.0% [Impella] vs 51.0%
[IABP]; P =.02) at 90 days; however, there was no difference in mortality (11.6% [Impella]
vs 9.0% [IABP]; P =.38). Because this difference was not seen in the primary intention-to-
treat analyses, further confirmation from future studies is required. We are not aware of any
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other randomized clinical trials that have examined clinical end points with the use of
PVAD:s in other settings (eg, cardiogenic shock, AMI). The MINI-AMI trial designed to
examine the efficacy of use of the Impella 2.5 device in reducing infarct size in patients with
ST-segment elevation myocardial infarction was terminated after only 5 patients were
enrolled because of undisclosed reasons, forgoing the opportunity to examine whether
PVAD:s are effective in this setting.2>

In contrast to randomized clinical trials, in our observational study, we found that PVAD
implantation was associated with higher in-hospital mortality compared with IABP use
(odds ratio,1.23[95% CI, 1.06-1.43]). Whereas we used a propensity score— matched
analysis to explicitly account for confounding by indication, and our matching algorithm
was successful in achieving covariate balance between PVAD and IABP recipients, it is still
possible that PVAD recipients in our study were sicker compared with IABP recipients
because of unmeasured confounders (eg, severity of underlying illness, comorbidities, or
high-risk coronary anatomy). Nevertheless, our findings highlight the uncertainty regarding
the clinical benefit of PVAD implantation in contemporary practice.

Although the use of PVADSs has grown exponentially in recent years, mortality in PVAD
recipients is high (28.8%) and has remained unchanged. Mortality was highest in patients
with cardiogenic shock (47.5%), followed by AMI without cardiogenic shock (17.0%),
whereas patients with PCI without cardiogenic shock or AMI had the lowest mortality
(3.3%). The risk of bleeding, vascular injury, and limb ischemia can be substantial in PVAD
recipients given the use of large-sized cannulae (Impella: 13F; TandemHeart: 15-17F for
arterial, 21F for venous access).®

Moreover, the cost associated with PVADs is also substantial. The cost of the Impella 2.5
device alone is more than $20 000.26 We estimated that the mean cost of hospitalization in
PVAD recipients was $85 580 per patient, which would translate into a total cost of
approximately $1 billion during 2007 through 2012. In comparison, the mean hospitalization
cost in all IABP recipients was $55 168 and that for all patients with cardiogenic shock was
$48 097 during 2011 (data not shown). Whereas patients who receive mechanical circulatory
support devices such as PVADs are, by definition, critically ill and therefore require
resource-intensive care, it is likely that at least some portion of the cost is attributed to the
PVAD procedure and post-procedure care. Given the high mortality, uncertain evidence for
a clear benefit, risk of complications, and cost, there is a pressing need for carefully
designed, adequately powered randomized clinical trials to determine the clinical
effectiveness of PVADs in improving patient outcomes.

Our study findings should also spark a debate on the process of regulation of medical
devices. The Impella devices and the TandemHeart device were approved by the FDA using
the 510(K) mechanism, which is based on demonstration of “substantial equivalence” to a
previously cleared device.27-28 For example, the Impella 2.5 received FDA approval on the
basis of substantial equivalence to the TandemHeart, which in turn was approved on the
basis of substantial equivalence to the Medtronic BP-80 Bio-Pump device, a non
percutaneous temporary left ventricular support device,2% and so on. Although the 510(K)
process is a faster and less stringent mechanism to obtain FDA clearance, demonstration of
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substantial equivalence hardly ensures that a device is effective in improving clinical
outcomes and that its benefits outweigh the risks, at a cost that is acceptable. Moreover,
premarket notification using the 510(K) pathway may hamper future trials because patients
and physicians have ready access to the device outside a clinical trial. Therefore, in a
recently commissioned report from the FDA, the Institute of Medicine has recommended
that the 510(K) pathway be completely eliminated and be replaced with an integrated
premarketing and postmarketing surveillance that provides reasonable assurance of safety
and effectiveness throughout the device life cycle.3% Such measures would ensure ongoing
scrutiny for high-risk medical devices to ensure that they are safe and effective in clinical
practice.

Our study findings should be interpreted in light of the following limitations. First, because
of reliance on ICD-9-CM codes within administrative data, we were unable to distinguish
whether a patient received an Impella or TandemHeart because both devices have the same
|CD-9-CM procedure code. However, in our experience, most of the growth in PVAD use in
recent years has occurred with the use of Impella. In 2013, Abiomed announced the
implantation of the 15 000th Impella device in the United States, which suggests continued
growth in PVAD use even after 2012.31 Second, we lacked information regarding the
clinical indication of PVAD implantation and indirectly inferred that information from the
discharge diagnoses. Although there is potential for misclassification of patients based on
this approach, our mortality estimates within each group are consistent with published
literature.1:32:33 Third, data regarding cause of death and procedural complications are not
consistently recorded in the NIS data, which makes it difficult to determine whether patients
died as a result of underlying illness or a complication from the PVAD procedure. Fourth,
although we used a matched propensity score design to account for indication bias and our
matching algorithm was successful in achieving covariate balance, important clinical
variables that may be predictors of outcomes, as well as receipt of PVAD (eg, ejection
fraction, coronary anatomy, underlying disease severity), were not available. Fifth, because
of the administrative nature of data, we were unable to distinguish comorbidities from
complications of hospitalization.

Conclusions

We found a marked increase in the use of PVADs in recent years, and this increase was
accompanied by a decrease in the use of IABPs. Given the increasing use, costs, and
potential complications of PVADs, evidence from well-conducted randomized clinical trials
is needed to ensure that use of PVADs leads to improved patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Calendar Year Trendsin the Use of Percutaneous Ventricular Assist Devices (PVADS)
and Intra-aortic Balloon Pumps (IABPs) in the United States, 2007 Through 2012

The figure shows estimated use of PVADs and IABPs per million discharges, and the error
bars represent standard errors. A, Use of PVADs increased from 4.6 per million in 2007 to
138 per million in 2012 (P for trend < .001). In contrast, use of IABPs decreased from 1738
per million in 2008 to 1608 per million in 2012 (P for trend = .02). B, Use of PVADs
increased in patients with cardiogenic shock, acute myocardial infarction (AMI) without
cardiogenic shock, and percutaneous coronary intervention (PCI) without AMI or
cardiogenic shock (P for trend < .001 for all). C, Use of IABPs decreased in patients with
cardiogenic shock and AMI without cardiogenic shock but increased in patients who
underwent PCI without cardiogenic shock or AMI (P for trend < .001 for all).
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obstructive pulmonary disease; PCI, percutaneous coronary intervention.
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Differencesin Patient Characteristics Between Percutaneous Ventricular Assist Device

(PVAD) and Intra-aortic Balloon Pump (IABP) Recipientsin the United States, 2007
Through 2012

% (SE)
Characteristic PVAD IABP, All Programs P Value
Estimated procedure volume, weighted No. (SD) 8123 (499) 304 729 (9612) <.001
Patient Characteristics
Age
Mean (SE), y 66.1 (0.4) 64.9 (0.1) 007
265y, No. (%) 58.0 (1.4) 52.5 (0.3) <.001
Male sex 73.6 (1.1) 69.0 (0.2) <.001
Race
White 63.4 (1.9) 64.2 (1.0)
Nonwhite 24.7 (1.7) 20.6 (0.7) 03
Missing/unknown 12.0(1.9) 15.2 (1.1)
Income quartile?
0-25 31.1(1.7) 26.4 (0.8)
26-50 26.3(1.2) 26.7 (0.7)
51-75 222 (1.2) 245 (0.5) o
76-100 20.4 (1.6) 22.4(1.2)
Discharge diagnoses
Cardiogenic shock 34.3(1.6) 41.2 (0.6) .001
Acute myocardial infarction 48.0 (1.3) 68.6 (0.5) <.001
Congestive heart failure 705 (1.3) 47.9 (0.5) <.001
Coronary artery disease 85.0 (1.0) 82.5(0.4) .02
Cardiac arrest 17.4(1.0) 18.9 (0.3) .16
Valvular heart disease 224 (1.1) 23.5(0.4) 31
Peripheral artery disease 14.5(0.9) 8.5(0.2) <.001
Arrhythmia 45.5 (1.4) 44.1(0.4) .29
Comorbid conditions
Hypertension 63.1 (1.5) 60.0 (0.5) .04
Diabetes mellitus 42.8 (1.3) 36.5 (0.4) <.001
Cancer 8.4 (0.6) 75(0.2) 12
Liver disease 15.6 (1.2) 9.3(0.2) <.001
COPD 18.4 (1.0) 15.6 (0.3) .003
Dyslipidemia 50.4 (1.4) 47.4 (0.5) .03
Chronic kidney disease 27.3(1.1) 16.1 (0.3) <.001
Fluid/electrolyte disorder 35.5(1.5) 35.1(0.6) .81
Coagulation disorder 16.4 (1.1) 18.0 (0.4) 17
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% (SE)
Characteristic PVAD IABP, All Programs P Value
Substance abuse 2.0(0.3) 2.0(0.1) .85
Procedures
PCI 70.9 (1.5) 40.4 (0.5) <.001
CABG 6.2 (0.7) 432 (0.6) <.001
Mechanical ventilation 243 (1.3) 29.8 (0.5) <.001
Administrative/Financial Details
Payment source
Medicare 60.9 (1.5) 51.6 (0.4)
Medicaid 7.5(0.7) 75(0.2)
<.001
Private insurance 25.0 (1.4) 31.3(0.4)
Others 6.6 (0.7) 9.6 (0.2)
Elective admission 27.8 (1.5) 18.0 (0.5) <.001
Hospitalization outcome
Home or self-care 45.8 (1.4) 34.6 (0.5)
Short-term hospital 3.3(0.5) 7.5(0.3)
Skilled care facility 16.3(1.0) 19.7 (0.3)
<.001
Home health care 12.7 (0.9) 18.3(0.4)
Discharged alive, unknown 0.2(0.1) 0.4 (0.0)
Died 21.7(1.2) 195 (0.3)
Length of stay, mean (SE), d 10.4 (0.5) 113(0.1)  <p01b
Unadjusted mortality 21.7 (1.1) 19.5(0.3) .05
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Abbreviations: CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention;

PVAD, percutaneous ventricular assist device.

a. . . . . .
Median household income quartiles based on patient zip code.

b . . .
For differences in geometric means of length of stay.
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