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BACKGROUND: Venoarterial extracorporeal membrane oxygenation (VA-ECMO) is increasingly used for patients with cardio-
genic shock. Although Impella or intra-aortic balloon pump (IABP) is frequently used for left ventricular unloading (LVU) during
VA-ECMO treatment, there are limited data on comparative outcomes. We compared outcomes of Impella and IABP for LVU
during VA-ECMO.

METHODS AND RESULTS: Using the Nationwide Readmissions Database between 2016 and 2020, we analyzed outcomes in 3
groups of patients with cardiogenic shock requiring VA-ECMO based on LVU strategies: extracorporeal membrane oxygena-
tion (ECMO) only, ECMO with IABP, and ECMO with Impella. Of 15980 patients on VA-ECMO, IABP and Impella were used in
19.4% and 16.4%, respectively. The proportion of patients receiving Impella significantly increased from 2016 to 2020 (6.5%
versus 25.8%; P-trend<0.001). In-hospital mortality was higher with ECMO with Impella (54.8%) compared with ECMO only
(50.4%) and ECMO with IABP (48.4%). After adjustment, ECMO with IABP versus ECMO only was associated with lower
in-hospital mortality (adjusted odds ratio [aOR], 0.83; P=0.02). ECMO with Impella versus ECMO only had similar in-hospital
mortality (@OR, 1.09; P=0.695) but was associated with more bleeding (@OR, 1.21; P=0.007) and more acute kidney injury
requiring hemodialysis (@OR, 1.42; P<0.001). ECMO with Impella versus ECMO with IABP was associated with greater risk of
acute kidney injury requiring hemodialysis (aOR, 1.49; P=0.002), higher in-hospital mortality (@OR, 1.32; £P=0.001), and higher
40-day mortality (hazard ratio, 1.25; P<0.001).

CONCLUSIONS: In patients with cardiogenic shock on VA-ECMO, LVU with Impella, particularly with 2.5/CP, was not associ-
ated with improved survival at 40 days but was associated with increased adverse events compared with IABP. More data are
needed to assess Impella platform-specific comparative outcomes of LVU.
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drome characterized by end-organ hypoperfu-
sion caused by low cardiac output and confers a
high in-hospital mortality rate (~50%)."? In recent years,
the incidence of CS has increased.? Despite lack of

Cardiogenio shock (CS) is an acute clinical syn-

robust evidence from randomized clinical trials (RCT)
demonstrating an improved survival, the use of tempo-
rary mechanical circulatory support (MCS) device in CS
has substantially increased.® Venoarterial extracorpo-
real membrane oxygenation (VA-ECMO) is increasingly
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CLINICAL PERSPECTIVE
What Is New?

The proportion of cardiogenic shock patients
on venoarterial extracorporeal membrane oxy-
genation managed with Impella for left ventricu-
lar unloading significantly increased from 7.3%
in 2016 to 24.3% in 2020 while the temporal
trend of use of intra-aortic balloon pump had
not significantly changed.

e Left ventricular unloading using Impella, com-
pared with intra-aortic balloon pump, was inde-
pendently associated with increased mortality
and likelihood of acute kidney injury requiring
renal replacement therapy.

What Are the Clinical Implications?

e Further studies comparing outcomes of intra-
aortic balloon pump and Impella are needed to
guide clinical practice of mechanical left ven-
tricular unloading in patients on venoarterial
extracorporeal membrane oxygenation for car-
diogenic shock.

Nonstandard Abbreviations and Acronyms

AKI acute kidney injury
CS cardiogenic shock
IABP intra-aortic balloon pump

ICD-10-PCS International Classification of
Diseases, Tenth Revision,
Procedure Coding System

MCS mechanical circulatory support

NRD Nationwide Readmissions

Database

used to manage CS. However, an increase in afterload
during VA-ECMO is associated with risks of worsening
myocardial ischemia, delayed recovery of myocardium,
left ventricular (LV) thrombus, and pulmonary edema.*
To prevent these consequences, several LV unloading
strategies are utilized in conjunction with VA-ECMQ.5
Among various LV unloading strategies, mechani-
cal unloading using either intra-aortic balloon pump
(IABP) or percutaneous transaortic ventricular assist
device (eg, Impella) is frequently used based on their
hemodynamic benefits. IABP can facilitate aortic valve
opening and increase LV ejection by reducing after-
load during systole.® Impella directly decompresses LV
and decreases LV filling pressures using a microaxial
flow pump.” While these percutaneous MCS devices
can provide LV unloading, it is unclear whether the use
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of additional MCS for LV unloading leads to improved
clinical outcomes. Indeed, observational studies have
shown that ~50% of the survivors of CS treated with
VA-ECMO do not receive mechanical LV unloading.?
There are limited data with mixed signals to guide the
selection of MCS for LV unloading in those on VA-
ECMO for CS. The primary aim of our study was to
compare the clinical outcomes of LV unloading using
IABP versus Impella in patients treated with VA-ECMO
for CS in a large contemporary database.

METHODS

Data Source and Study Population

The Nationwide Readmissions Database (NRD) was
obtained from the Agency for Healthcare Research
and Quality, which administers the Healthcare Cost
and Utilization Project. The NRD is a national data-
base that contains annual hospital discharge data with
verified patient linkage numbers to track the patients
across hospitals within a state during a given year.
We identified study population, comorbidities, com-
plications, causes of readmissions, and procedures
based on the International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) and
Procedure Coding System (ICD-10-PCS) codes, re-
spectively (Table S1). The data that support this study’s
findings are available from the corresponding author
upon reasonable request.

From 2016 through 2020, all hospitalizations for CS
coded either in primary or secondary diagnosis were
identified based on ICD-10-CM code of R57.0. Among
patients hospitalized for CS, those who required VA-
ECMO were selected based on ICD-10-PCS codes of
BA15223, 5A1522G, and 5A1522F. CS after cardiotomy
was excluded, and patients who had both Impella and
IABP were excluded. Also, to ensure that IABP or Impella
were used for LV unloading in VA-ECMO, patients who
had IABP or Impella before VA-ECMO were excluded
because of the possibility of them being removed after
escalation to VA-ECMO. Finally, patients younger than
18years of age, or those who were missing mortality or
length of stay data, were excluded from the study. The
study cohort consisted of 3 groups of patients on VA-
ECMO for CS, depending on the LV unloading strategy:
(1) VA-ECMO without LV unloading (ECMO only group),
(2) IABP for LV unloading (IABP group), and (3) Impella
for LV unloading (Impella group). Institutional review
board approval and informed consent were not required
for the current study because all data collection was de-
rived from a deidentified administrative database.

Study End Points

The primary end point of the study was all-cause mor-
tality, which was assessed for both in-hospital mortality
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and early mortality with a follow-up time up to 40days.
The secondary safety end points were in-hospital vas-
cular complications, bleeding complications, and acute
kidney injury (AKI) requiring hemodialysis (Table S1).
Vascular complications were a composite of arte-
riovenous fistula, rupture, dissection, other vascular
complications following a procedure, and acute limb
ischemia. Bleeding complications were a composite
of cerebral, access site-related, gastrointestinal, and
pulmonary alveolar bleedings. Additionally, all-cause
30-day readmissions were examined as a secondary
end point.

Statistical Analysis
Statistical analyses were performed using SAS soft-
ware, version 9.4 (SAS Institute, Cary, NC). All analyses
accounted for the complex survey design, including
hospital-level clustering of patients and sampling stra-
tum, and discharge weight was used to obtain national
estimates. For descriptive analyses, we compared base-
line patient and hospital characteristics stratified by the
LV unloading strategy. Categorical variables are shown
as frequencies, and continuous variables are presented
as mean or median. For comparison, the Rao-Scott x?
test was used for categorical variables and either the
Mann-Whitney-Wilcoxon nonparametric test or survey-
specific linear regression was used for continuous vari-
ables. We first examined the comparative outcomes
between patients on ECMO only and those on either
IABP or Impella for LV unloading. For the main compari-
son of our study, we compared the clinical outcomes
between patients managed with IABP and Impella dur-
ing VA-ECMO treatment. To estimate the independent
association between LV unloading strategies and study
end points, we created multivariable logistic regression
models by including covariates that had a univariate
significance with each end point (P<0.1). Cox propor-
tional hazards regression model was fitted to estimate
the association between Impella versus IABP and early
mortality. The proportional hazards assumption was
met for all reported analyses based on the Kolmogorov-
type supremum test.®

To further account for confounders, we used 3
propensity-score methods. The individual propensities
to receive |IABP versus Impella were estimated using
a multivariable logistic regression model that included
all the measured covariates in this study. First, we
conducted an analysis using the propensity score as
an additional covariate in the multivariable regression
models. Second, the 1:1 propensity score matching
was performed between patients with IABP and Impella
based on a caliper width of 0.2 of the standard devia-
tion of the logit of the propensity score using a greedy
algorithm.'® Standardized differences for all covariates
were computed before and after matching to examine
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the accomplishment of matching. After matching, the
standardized difference for each covariate was <10%,
indicating successful matching (Table S2)."" Finally, we
calculated inverse probability of treatment weights. We
applied trimming to the inverse probability of treatment
weights by excluding those lying outside of the 1st to
99th percentiles of the PS distribution.'? Kaplan—-Meier
method was used to obtain early mortality risk in pa-
tients treated with Impella versus IABP among the pro-
pensity score matched patients.

For sensitivity analyses, we conducted a falsifica-
tion end point analysis to examine the robustness of
our findings.'®'* Additionally, we calculated E values
to assess the potential impact of an unmeasured con-
founding factor on the association between the LV
unloading device and in-hospital or early mortality."
Finally, given the possibility of the same-day implanta-
tion and removal of Impella or IABP followed by esca-
lation to VA-ECMO, analyses were repeated in patients
on ECMO only or whose LV unloading was started on
days subsequent to ECMO cannulation day (n=6411).
All 95% Cls and P values were corrected for multiple
comparisons using Bonferroni method when appro-
priate.'® All tests were 2-sided, with P<0.05 indicating
statistical significance.

RESULTS

Study Population

During the study period from January 2016 to
December 2020, a total of 15980 patients were hos-
pitalized with CS and underwent VA-ECMO can-
nulation. CS caused by acute myocardial infarction
accounted for 34.0% of the study cohort. With 35.8%
of the study population being managed with mechani-
cal LV unloading, IABP and Impella were used in 3098
(19.4%) and 2620 (16.4%) patients, respectively. Over
time, the proportion of patients with CS on VA-ECMO
managed with Impella for LV unloading significantly
increased from 7.3% (14 patients per 10000 CS dis-
charges) in 2016 to 24.3% (47 patients per 10000 CS
discharges) in 2020 (P for trend <0.001), while the
temporal trend of use of IABP had not significantly
changed (Figure 1). Baseline demographic and clinical
characteristics of the weighted study population are
listed in Table 1. Compared with those on ECMO only,
patients managed with LV unloading (IABP group and
Impella group) were more likely to be older, men, to
present with acute coronary syndrome, and to have
higher burden of comorbidities, including diabetes,
coronary artery disease, and congestive heart failure.
Percutaneous coronary intervention and pulmonary
artery catheterization (PAC) were more frequently per-
formed in patients managed with LV unloading versus
ECMO only. Compared with patients on ECMO only,
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Figure 1. Temporal trends in utilization of intra-aortic balloon pump and Impella for
left ventricular unloading in adult patients with cardiogenic shock on venoarterial
extracorporeal membrane oxygenation in the United States, 2016 to 2020.

IABP indicates intra-aortic balloon pump; and LV, left ventricular.

LV assist device was more frequently performed in
patients managed with Impella. The cost of hospi-
talization was higher in patients who were managed
with LV unloading compared with their counterparts.
The comparison of baseline characteristics and treat-
ments between patients managed with LV unloading
using IABP versus Impella is listed in Tables S3 and S4.
Among patients undergoing mechanical LV unloading,
the Impella group versus IABP group was more likely
to consist of men with a lower prevalence of valvular
heart disease and more likely to receive PAC. Of the
2620 patients with Impella for LV unloading, about 1 in
6 patients received Impella (16.8%) with axillary or aor-
tic grafts (Impella 5.0/LD/5.5). Depending on the plat-
form, the Impella group fared differently from the IABP
group: patients with Impella 2.5/CP had a lower burden
of comorbidities (33.2% versus 39.9% with Elixhauser
comorbidity scores >4; P=0.003) and more often pre-
sented with STEMI (ST-segment—elevation myocardial
infarction) and underwent percutaneous coronary in-
tervention (Table S4). On the other hand, patients man-
aged with Impella 5.0/LD/5.5 were younger and more
likely to receive LV assist device or heart transplanta-
tion compared with those on IABP.

In-Hospital Outcomes and Early Mortality
at 40Days

In-hospital outcomes are presented in Figure 2 and
Tables S5 through S7. In-hospital mortality was 50.8%
in the entire study population, while it was highest in
the Impella group (54.8%), primarily driven by Impella
2.5/CP group (60.0%), compared with the ECMO only
(50.4%) and IABP (48.4%) groups. Bleeding compli-
cations, particularly the access-related bleeding and
gastrointestinal bleeding, were more frequently ob-
served in the Impella group (40.1%) than in the ECMO
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only (34.8%, P<0.001) and IABP (35.4%, P=0.045)
groups. AKI requiring hemodialysis occurred more
frequently in the Impella group (21.8%) compared with
the ECMO only (16.5%, P<0.001) and IABP (16.0%,
P=0.002) groups. After adjustment for confound-
ing factors, LV unloading using IABP, compared with
ECMO only, was associated with 17% lower odds of
in-hospital mortality (Table 2). The LV unloading with
Impella, compared with ECMO only, had similar in-
hospital mortality, was associated with 21% higher
odds of bleeding and 42% higher odds of AKI requiring
hemodialysis. Furthermore, LV unloading with Impella
was independently associated with 32% higher odds
of in-hospital mortality (odds ratio [OR], 1.32 [95% ClI,
1.10-1.60]) and 49% higher odds of AKI requiring he-
modialysis (OR, 1.49 [95% CI, 1.13-1.97]) compared
with LV unloading with IABP. Of note, the association
between Impella and in-hospital outcomes, compared
with other unloading strategies, differed depending on
the platform of Impella: Impella 2.5/CP was associated
with significantly increased in-hospital mortality com-
pared with ECMO only or IABP, whereas Impella 5.0/
LD/5.5 was linked with reduced mortality (Table S8).
There was no significant statistical interaction identified
between the LV unloading device (Impella versus IABP)
and causes of CS (acute myocardial infarction versus
nonischemic) on in-hospital mortality (P for interac-
tion=0.811, Table S9). The association between Impella
versus IABP use and in-hospital mortality was consis-
tently observed in the analyses based on the propen-
sity score, including the propensity score matched
analysis of 1149 unweighted pairs of patients (Table 3).

Among patients who survived the index hospital-
ization with CS, 18.8% (17.8% in ECMO only, 20.7% in
IABP, and 20.7% in Impella groups) were readmitted
to a hospital within 30days of discharge for a variety
of reasons. Specifically, infection/sepsis was the most
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Table 1. Baseline Individual- and Hospital-Level Characteristics for Patients Hospitalized With Cardiogenic Shock
Requiring VA-ECMO, 2016 to 2020

Characteristics (%) All ECMO only IABP P value* Impella P valuet
No. of patients, weighted (%) 15980 10262 (64.2) 3098 (19.4) 2620 (16.4) -
Age, median (IQR) 56 (45-65) 55 (42-65) 59 (50-68) <0.001 58 (48-65) <0.001
Age group, y <0.001 <0.001
<50 5232 (32.8) 3784 (36.9) 734 (23.7) 714 (27.3)
50-64 6172 (38.6) 3729 (36.3) 1289 (41.6) 1153 (44.0)
65-79 4217 (26.4) 2524 (24.6) 988 (31.9) 705 (26.9)
>80 359 (2.2) 224 (2.2) 87 (2.8) 48 (1.8)
Women 5441 (34.1) 3775 (36.8) 1006 (32.5) 0.004 660 (25.2) <0.001
Causes of cardiogenic shock
STEMI 3542 (22.2) 1492 (14.5) 927 (29.9) <0.001 1123 (42.9) <0.001
NSTEMI 1881 (11.8) 1002 (9.8) 507 (16.4) <0.001 372 (14.2) <0.001
Nonischemic 10556 (66.0) 7768 (75.7) 1664 (563.7) <0.001 1125 (42.9) <0.001
Previous cardiac arrest 618 (3.9) 404 (3.9) 108 (3.3) 0.344 111 4.2 0.629
Hypertension 8696 (54.4) 5379 (52.4) 1863 (60.1) <0.001 1453 (55.5) 0.051
Diabetes 4625 (28.9) 2730 (26.6) 1028 (33.2) <0.001 867 (33.1) <0.001
Known coronary artery disease 6856 (42.9) 3601 (35.1) 1773 (67.2) <0.001 1481 (56.5) <0.001
Prior PCI 164 (1.0) 92 (0.9) 39(1.3) 0.211 33 (1.3) 0.269
Prior CABG 867 (5.4) 563 (5.5) 201 (6.5) 0.142 103 (3.9) 0.018
Iron deficiency anemia 673 (4.2) 438 (4.3) 140 (4.5) 0.690 95 (3.6) 0.298
Chronic kidney disease 4558 (28.5) 2762 (26.9) 1059 (34.2) <0.001 737 (28.1) 0.376
CHF 7953 (49.8) 4634 (45.2) 1817 (68.7) <0.001 1501 (567.3) <0.001
Atrial fibrillation/flutter 5356 (33.5) 3223 (31.4) 1266 (40.9) <0.001 867 (33.1) 0.255
Coagulopathy 7071 (44.2) 4522 (44.1) 1420 (45.8) 0.240 1129 (43.1) 0.570
COPD 2635 (16.5) 1734 (16.9) 547 (17.6) 0.510 354 (13.5) 0.003
Peripheral vascular disease 3446 (21.6) 2149 (20.9) 725 (23.4) 0.039 571 (21.8) 0.515
Valvular heart disease 764 (4.8) 546 (5.3) 166 (5.4) 0.964 52 (2.0) <0.001
Elixhauser comorbidity score>4 5591 (35.0) 3477 (33.9) 1237 (39.9) <0.001 877 (33.5) 0.802
Procedures/surgeries performed
Revascularization among 3300 (60.8) 1209 (48.5) 1040 (72.5) <0.001 1051 (70.3) <0.001
ischemic cardiogenic shock
PCI 2447 (45.1) 836 (33.5) 668 (46.6) <0.001 943 (63.0) <0.001
CABG 1080 (19.9) 442 (17.7) 495 (34.5) <0.001 143 (9.6) <0.001
Pulmonary artery 4600 (28.8) 2251 (21.9) 1104 (35.6) <0.001 1245 (47.5) <0.001
catheterization
LVAD 1074 (6.7) 622 (6.1) 229 (7.4) 0.101 222 (8.5) 0.004
Heart transplantation 775 (4.8) 404 (3.9) 291 (9.4) <0.001 79 (3.0) 0.143
Median household income 0.035 0.011
1st quartile 4034 (25.2) 2610 (25.4) 804 (25.9) 621 (23.7)
2nd quartile 4223 (26.4) 2831 (27.6) 761 (24.6) 631 (24.1)
3rd quartile 4024 (25.2) 2567 (25.0) 755 (24.4) 703 (26.8)
4th quartile 3699 (23.2) 2254 (22.0) 778 (25.1) 666 (25.4)
Primary payer 0.001 0.002
Medicare 5677 (35.5) 3583 (34.9) 1259 (40.7) 834 (31.9)
Medicaid 2842 (17.8) 1916 (18.7) 503 (16.2) 423 (16.1)
Private including 6202 (38.8) 3956 (38.6) 1132 (36.6) 1113 (42.5)
HMO
Self-pay/no charge/other 1260 (7.9) 806 (7.8) 203 (6.5) 251 (9.6)
(Continued)
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Table 1. Continued

Hospital bed size 0.043 <0.001
Small 355 (2.2) 214 (2.1) 83 (2.8) 58 (2.2)
Medium 1698 (15.6) 939 (9.1) 349 (11.3) 409 (15.6)
Large 13927 (82.2) 9109 (88.8) 2665 (85.9) 2153 (82.2)
Time to VA-ECMO, median 0.6 (0-4.2) 0.8 (0-4.8) 0.2 (0-3.4) 0.047 0(0-1.0) <0.001
(IQR), d
Time to IABP, median (IQR), d - - 0.8 (0-5.5) - - -
Time to Impella, median - - - - 0.2 (0-2.7) -
(IQR), d
Length of hospital stay, 16 (56-34) 16 (6-34) 18 (6-35) 0.754 14 (4-30) <00001
median (IQR), d
Disposition* 0.067 0.019
Home 3738 (23.4) 2487 (24.3) 718 (23.2) 533 (20.4)
Facility® 4097 (25.7) 2579 (25.2) 880 (28.4) 638 (24.5)
Died 8111 (50.9) 5176 (50.5) 1498 (48.4) 1437 (65.1)
Cost of index hospitalization, 163768 145651 169158 <0.001 171386 <0.001
median (IQR), $ (85885-265632) (79792-254479) (97903-280557) (101507-288212)

CABG indicates coronary artery bypass graft surgery; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; HMO, health maintenance
organization; IABP, intra-aortic balloon pump; IQR, interquartile range; LVAD, left ventricular assist device; NSTEMI, non-ST-segment—elevation myocardial
infarction; PCI, percutaneous coronary intervention; STEMI, ST-segment-elevation myocardial infarction; and VA-ECMO, venoarterial extracorporeal membrane
oxygenation.

*P value for comparison between IABP and ECMO only.

P value for comparison between Impella and ECMO only.

*Leaving against medial advice (AMA)/unknown not counted attributable to number of patients <10 accordingly to Healthcare Cost and Utilization Project
guidelines.

SFacility includes skilled nursing facility, intermediate care facility, and inpatient rehabilitation facility.

80
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1 —
P=0.049 P=0.014
60 I 1 T 1
P=° 945 P=o 196
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R = =
F<0 001
(7]
QEJ 20 P=0.99 999
8 P=0.002
= 30 (.
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20 P‘ﬂ 999 P =0.999 P=0.999
| —
P:O 999 P=0.999
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Early Mortality Mortality complicition Bleeding AKl requiring HD Ischemic Stroke
M ECMO Only 514 50.4 7.9 348 16.5 9.5
¥ IABP Unloading 49.8 484 8 354 16 10
u Impella Unloading 55.7 54.8 8.2 40.1 21.8 8.6

Figure 2. Comparison of early mortality and in-hospital outcomes based on strategies of left ventricular unloading during
venoarterial extracorporeal membrane oxygenation for cardiogenic shock.

All P values are corrected for multiple comparisons using Bonferroni method. AKl indicates acute kidney injury; ECMO, extracorporeal
membrane oxygenation; and HD, hemodialysis.

J Am Heart Assoc. 2024;13:e032607. DOI: 10.1161/JAHA.123.032607 6



Yeo et al

Impella vs IABP during VA-ECMO

Table 2. Association of LV Unloading Strategy With In-Hospital Outcomes in Patients on VA-ECMO for Cardiogenic Shock

In-hospital mortality
IABP vs ECMO only 0.92 (0.79-1.07) 0.587 0.83(0.70-0.98) 0.020
Impella vs ECMO only 119 (1.00-1.42) 0.045 1.09 (0.91-1.31) 0.695
Impella vs IABP 1.30 (1.07-1.57) 0.004 1.32 (1.10-1.60) 0.001
Vascular complication
IABP vs ECMO only 1.01 (0.74-1.38) 0.999 1.03 (0.74-1.43) 0.999
Impella vs ECMO only 1.03 (0.79-1.35) 0.999 1.06 (0.81-1.40) 0.999
Impella vs IABP 1.02 (0.72-1.45) 0.999 1.03 (0.73-1.47) 0.999
Bleeding®
IABP vs ECMO only 1.03 (0.87-1.21) 0.999 0.99 (0.84-1.16) 0.999
Impella vs ECMO only 1.25 (1.08-1.45) <0.001 1.21 (1.04-1.41) 0.007
Impella vs IABP 1.04 (1.00-1.49) 0.047 1.23 (1.00-1.51) 0.051
AKI requiring hemodialysis
IABP vs ECMO only 0.96 (0.78-1.19) 0.999 0.95 (0.76-1.18) 0.999
Impella vs ECMO only 1.41 (1.13-1.76) <0.001 1.42 (113-1.77) <0.001
Impella vs IABP 1.47 (1.12-1.92) 0.002 1.49 (1.13-1.97) 0.002
Ischemic stroke
IABP vs ECMO only 1.06 (0.83-1.35) 0.999 0.99 (0.78-1.28) 0.999
Impella vs ECMO only 0.90 (0.68-1.18) 0.999 0.81(0.61-1.08) 0.240
Impella vs IABP 0.85 (0.61-1.17) 0.634 0.82 (0.59-1.12) 0.374

IABP indicates intra-aortic balloon pump; and VA-ECMO, venoarterial extracorporeal membrane oxygenation.
*P values are corrected based on Bonferroni correction method for multiple comparison.
Bleeding: Composite of central nervous system bleeding, access-related bleeding including hematoma and retroperitoneal bleeding, gastrointestinal

bleeding, and pulmonary alveolar bleeding.

common cause of 30-day readmissions, followed by
heart failure and respiratory failure. During the 30-day
readmission, cardiac catheterization/percutaneous
coronary intervention were performed in 11.2% of the
patients, and 2.7% underwent heart transplantation
(Figures S1 and S2). Median time to 30-day readmis-
sion was 10 (interquartile range [IQR], 4-20) days.
Over a median follow-up of 17 (interquartile range
[IQR], 5-42) days (18 [IQR, 6-43] days in IABP group
and 14 [IQR, 4-39] in Impella group), early mortality in
the study population was 51.8%. Early mortality was
highest in the Impella group (55.7%) compared with
ECMO only (51.4%) and IABP (49.8%) groups (Figure 2).
After adjustment for confounders with regression and

propensity score analyses, Impella use was associated
with at least a 25% higher hazard of early mortality
(hazard ratio [HR], 1.25 [95% CI, 1.17-1.32]) compared
with IABP use (Table S10; Figure 3).

In falsification end point analysis, we found no as-
sociation of Impella versus IABP use with commu-
nity acquired pneumonia and a composite end point
of acute diarrhea, cellulitis, or intestinal obstruction,
suggesting that the significant association between
Impella versus IABP and mortality end point was un-
likely because of unmeasured confounding factors
(Table S11). Furthermore, based on the point esti-
mates from propensity score-matched cohort, E val-
ues for in-hospital mortality and early mortality were

Table 3. Association Between Left Ventricular Unloading Device and In-Hospital Mortality Based on Propensity Score

Analyses

Impella vs IABP 1.40 (1.19-1.64) <0.001

1.38 (1.17-1.63) <0.001

1.25 (1.156-1.37) <0.001

IABPindicatesintra-aortic balloon pump.

*Model 1: Propensity score included as a covariate in the multivariable logistic regression model.

Model 2: Analysis based on the propensity score matching.

*Model 3: Inverse probability of treatment weights analysis based on the propensity score after trimming by excluding those lying outside of the 1st to 99th
percentiles of the propensity score distribution. Adjusted odds ratio (95% CI) without trimming: 1.27 (1.17-1.39), P<0.001.
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Figure 3. Kaplan-Meier curves for early mortality among propensity matched patients with cardiogenic shock on
venoarterial extracorporeal membrane oxygenation receiving Impella versus intra-aortic balloon pump for left ventricular

unloading.

Median follow-up time=17 (interquartile range, 5-42) days. HR indicates hazard ratio; and IABP, intra-aortic balloon pump.

1.63 with 1.38 for lower bound of Cl and 1.7 with
1.42 for lower bound of ClI, respectively. This sug-
gests that an unmeasured confounder would have
to be associated with 1.63-fold increased odds of
in-hospital mortality or 1.7-fold increased hazard of
early mortality to explain our findings. These point
estimates are much greater than any measured con-
founding factors in our study. Therefore, it is unlikely
that an unmeasured confounding factor would over-
come the observed association of Impella versus
IABP with in-hospital and early mortality. The sen-
sitivity analyses among those on ECMO only or who
had LV unloading started on following days of ECMO
cannulation day showed results consistent with the
main analyses (Table S12).

DISCUSSION

In this observational study of a large, real-world, na-
tionally representative database in the United States,

J Am Heart Assoc. 2024;13:e032607. DOI: 10.1161/JAHA.123.032607

several important findings were identified. First, the use
of LV unloading device steadily increased in patients
treated with VA-ECMO for CS. Particularly, from 2016
through 2020, there was more than a 3-fold increase
in the number of patients managed with Impella for LV
unloading during VA-ECMO treatment. Second, the
highest in-hospital mortality was observed with Impella
+ ECMO compared with IABP + ECMO or ECMO only
cohort. Third, LV unloading with IABP, compared with
ECMO only, was associated with reduced in-hospital
mortality. Fourth, LV unloading with Impella, compared
with ECMO only, was associated with increased like-
lihood of bleeding and AKI requiring hemodialysis.
Finally, LV unloading with Impella versus IABP was
associated with 49% higher odds of AKI requiring
hemodialysis, 32% higher odds of in-hospital mortal-
ity, and 25% higher hazard of early mortality. To our
knowledge, this is the largest study of the comparative
outcomes of LV unloading between Impella and IABP
among patients on VA-ECMO for CS.
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LV Unloading Using IABP Versus
VA-ECMO Only

A meta-analysis of 7 observational studies found a re-
duced mortality risk associated with LV unloading dur-
ing VA-ECMO treatment for CS. The study cohort in
this meta-analysis consisted mostly of patients receiv-
ing IABP (n=1555; 92%) for LV unloading, and the re-
duced mortality was predominantly observed with the
use of IABP (risk ratio [RR], 0.81 [95% Cl, 0.73-0.89])."”
Another meta-analysis of 37 observational studies by
Al-Fares et al reported a significant reduction in in-
hospital mortality in patients receiving IABP for LV un-
loading during VA-ECMO for CS (RR, 0.86 [95% ClI,
0.77-0.95])."® Consistent with these meta-analyses,
our study also demonstrated a reduction in in-hospital
mortality in patients managed with IABP for LV un-
loading (OR, 0.83 [95% CI, 0.70-0.98]) compared with
those on VA-ECMO only. Application of IABP in VA-
ECMO has been shown to further improve regional mi-
crocirculation and provides enhanced hemodynamic
support by increasing pulsatility as well as reducing
LV end-diastolic dimension and pulmonary capillary
wedge pressure by an average of ~4 mmHg.'92°

LV Unloading Using Impella Versus ECMO
Only
Previous studies have reported a substantial increase
in the overall utilization of Impella devices. From 2007
through 2012, a 30-fold increase in the utilization of
Impella was noted mostly in patients with CS or acute
myocardial infarction.?! In addition, an analysis of the
United Network for Organ Sharing database between
2015 and 2019 found that the proportion of patients
receiving Impella while awaiting heart transplantation
significantly increased from 1% to 4%.%? The most sig-
nificant increase occurred after the United Network for
Organ Sharing policy change in the donor heart allo-
cation system in 2018, giving higher priority to those
on MCS. Adding to the existing body of literature, our
study found a steady increase in the use of Impella for
LV unloading among patients with CS on VA-ECMO
from 2016 to 2020, with the utilization of Impella ex-
ceeding that of IABP by 2020. Although improved
surrogate outcomes have been reported, including
hemodynamic parameters, there is a lack of data from
RCTs that support a survival benefit of Impella in pa-
tients with CS. Therefore, the use of Impella for LV un-
loading during VA-ECMO needs to be judicious and
individualized until informed by further trial data.
Conflicting results of LV unloading with Impella
compared with ECMO only have been reported in
several observational studies. An international, multi-
center study, reported by Schrage et al of 686 patients
with CS on VA-ECMO, demonstrated an associa-
tion of LV unloading using Impella (n=255) with lower
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30-day mortality (HR, 0.79 [95% Cl, 0.63-0.98]).%°
Complications occurred more frequently in patients
with LV unloading using Impella versus without LV un-
loading, including severe bleeding and renal replace-
ment therapy. Another meta-analysis of 8 observational
studies found a signal toward improved early mortality
with versus without Impella in patients with CS on VA-
ECMO (RR, 0.90 [95% Cl, 0.78-1.03]).?* However, there
was also an increased risk of complications associated
with Impella, including renal replacement therapy (RR,
1.54; 95% ClI, 1.19-1.99) and bleeding (RR, 1.45 [95%
Cl, 1.20-1.75]). On the other hand, a meta-analysis by
Al-Fares et al showed no difference in in-hospital mor-
tality with LV unloading using Impella (RR, 113 [95%
Cl, 0.85-1.50))."

In our study of real-world data, LV unloading with
Impella was also associated with similar in-hospital
mortality (OR, 1.09 [95% CI, 0.91-1.31]) but was asso-
ciated with higher risk of bleeding likely due to the ad-
ditional large-bore access for Impella placement and
AKI requiring renal replacement therapy compared
with VA-ECMO only. Our cohort study strongly par-
allels the demographic and clinical characteristics of
patients in the study reported by Schrage et al, which
was based on international, multicenter registry data
derived from large, experienced centers in the use of
MCS. The lack of survival benefit with LV unloading
using Impella in our study, compared with the interna-
tional study, is likely multifactorial. International, large,
experienced centers are more likely to have standard-
ized protocols for managing patients with CS requiring
MCS. The standardized shock protocols, incorporat-
ing hemodynamic monitoring, have been shown to im-
prove outcomes in the prospective single-arm National
Cardiogenic Shock Registry.?®> However, marked vari-
ation across the US hospitals has been observed in
the use of Impella, and in associated outcomes of
death, bleeding, and AKI.2® Importantly, previous stud-
ies reported a considerable variation in anticoagula-
tion strategies and how monitoring in Impella patients
was conducted across the hospitals.?6?” Accordingly,
significant interhospital variation in bleeding compli-
cations was noted among patients receiving Impella.
Notably, the use of PAC in the Impella cohort in our
study was only 47.5%, indicating lack of standardized
protocols for hemodynamic monitoring in patients with
CS requiring MCS. The use of PAC in caring for pa-
tients with critical illness has been an area of much de-
bate and controversy. In the ESCAPE (Evaluation Study
of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness) trial, the use of PAC did
not improve survival but increased adverse events.?®
In parallel with that trial, the use of PAC significantly
decreased from 1993 to 2013 in the United States.?%:%0
Although the impact of PAC on outcomes among pa-
tients with CS on MCS has not been established by
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RCTs, there is growing evidence of clinical benefit of
hemodynamic monitoring with PAC, linked with lower
mortality based on recent retrospective studies.®'-33
Accordingly, a Society for Cardiovascular Angiography
and Interventions/Heart Failure Society of America clin-
ical expert consensus document endorsed continuous
hemodynamic monitoring with PAC for management
of patients receiving MCS.34 Our findings highlight the
adverse outcomes associated with LV unloading using
Impella in the real world and the need to implement
standardized protocols for mechanical LV unloading.

LV Unloading Using Impella Versus IABP

Substantial gaps remain in the literature regarding
comparative outcomes of LV unloading using Impella
versus IABP during VA-ECMO therapy. The baseline
characteristics of our contemporary US study popu-
lation strongly resemble those of the cohort with CS
on VA-ECMO of a large prospective RCT, conducted
in the intensive care units at 20 French cardiac shock
care centers between 2016 and 2019.3% Furthermore,
the early mortality and bleeding risks observed in our
study are consistent with the report of that RCT, sup-
porting the generalizability of our findings. A recent
study of 3399 patients managed with mechanical LV
unloading (n=580 [17.1%)] with Impella) on VA-ECMO for
CS showed a signal toward lower in-hospital mortality
with IABP versus Impella (OR, 0.80 [95% ClI, 0.64-1.01];
P=0.06).3¢ While that study also reported increased
risks of bleeding and renal injury with Impella versus
IABP for LV unloading, it was limited by a relatively
small sample size to assess the association with mor-
tality. Using a large, nationally representative database,
we report higher in-hospital and 40-day mortality rates
associated with Impella versus IABP for LV unloading.
The underlying mechanism of increased mortality as-
sociated with Impella on VA-ECMO requires further
investigation. However, there are clearly increased
risks of bleeding and acute kidney injury requiring
hemodialysis associated with Impella compared with
IABP. Indeed, bleeding events have been shown to be
associated with an increase in in-hospital mortality in
patients receiving ECMO.3” Our study showed an as-
sociation of Impella with 49% increased odds of AKI
requiring hemodialysis compared with IABP for LV un-
loading. The NRD database does not provide data on
specific platforms of Impella or the degree of hemoly-
sis. Nonetheless, Impella has been shown in previous
studies to be associated with an increased risk of he-
molysis, which is the second most common cause of
pigment nephropathy that can lead to AKI.%8 Therefore,
we speculate that the increased incidence of the AKI
observed in the Impella group in our study might be
due to increased pigment nephropathy.3® Notably,
AKl is associated with poor outcomes in patients with
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CS.4%4 |n some centers, Impella devices are routinely
placed for preemptive LV unloading at the time of VA-
ECMO implantation.*® However, our study suggests
that the selection of an LV unloading device should be
based on a careful assessment of the net clinical ben-
efit for individual patients, weighing the hemodynamic
benefits against risks of adverse events.

Effect of Impella Platform on Outcomes of
LV Unloading

In our exploratory analysis that accounted for the dif-
ferent platforms of Impella, LV unloading using Impella
2.5/CP was associated with a significantly increased
in-hospital mortality compared with ECMO only or
IABP. On the other hand, Impella 5.0/LD/5.5 was as-
sociated with a decreased in-hospital mortality despite
the increased bleeding risk. While the findings of im-
proved survival and increased provision of LV assist
device/heart transplantation in patients managed with
Impella 5.0/LD/55 are consistent with previous obser-
vations, these findings are subject to the selection and
survival biases and need a cautious interpretation in
the context of the observational study design.*® We
speculate that the patients with an established plan to
undergo LV assist device or heart transplantation or
those who survived until the conversion to Impella 5.0/
LD/5.5 were more likely to be assigned to this group,
leading to an increased survival.

Limitations

There are several limitations in our study, primarily be-
cause of the observational nature of the study design.
First, despite the use of rigorous statistical methods
based on multivariable regression, propensity score,
and sensitivity analyses, there are still residual unmeas-
ured confounding factors. For example, we were un-
able to account for the race, ethnicity, timing of the CS,
and the Society for Cardiovascular Angiography and
Interventions shock classification despite these being
important predictors of mortality in CS due to lack of
such data in the NRD.** Second, the follow-up dura-
tion is limited to a given year because the NRD does
not track patients across the years. Third, there are
no /ICD-10-PCS codes to identify the removal of MCS,
precluding the inclusion of patients who received IABP
or Impella before ECMO. Therefore, we were unable
to assess the impact of LV unloading initiated before
VA-ECMO on outcomes. Schrage et al demonstrated
lower 30-day mortality in a subgroup that received
Impella before or shortly after VA-ECMO as opposed to
nonsignificant association with mortality when Impella
was implanted >2 hours after VA-ECMO cannula-
tion.? Further studies are needed to assess the im-
pact of implantation timing of LV unloading devices on
the association of LV unloading and outcomes during

10
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VA-ECMO. Fourth, death occurring out of hospital after
index hospitalization discharge was not captured in
NRD. Also, patients admitted to 1 state and readmit-
ted to another state would not be tracked by the NRD.
Therefore, the early mortality rate in our study might
be underestimated. Although early mortality observed
in our study is consistent with that reported in a large
multicenter French randomized clinical trial, supporting
the robustness of our findings, it is still possible that
the early mortality might be higher in the real world.3®
Finally, selection and misclassification biases cannot
be excluded given the observational design. Although
the Medicare Severity Diagnosis Related Group codes
were used to assess the outcomes separately for
Impella 2.5/CP and 5.0/LD/5.5 groups, we were unable
to identify specific Impella platforms because of lack
of ICD-10-PCS codes during the study period, which
raises a possibility of misclassification bias and selec-
tion bias without randomization.

CONCLUSIONS

In this large, real-world cohort study, LV unloading with
Impella compared with IABP was not associated with
improved survival at 40days in patients receiving VA-
ECMO for CS. Increased risks of adverse events were
observed with Impella compared with IABP placed for
LV unloading. Our findings call for further high-quality
studies to guide clinical practice of LV unloading in pa-
tients on VA-ECMO for CS.
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