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BACKGROUND: Mechanical circulatory support devices, such as the intra-aortic balloon pump (IABP) and Impella, are often
used in patients on veno-arterial extracorporeal life support (VA-ECLS) with cardiogenic shock despite limited supporting
clinical trial data.

METHODS AND RESULTS: Hospitalizations for cardiogenic shock from 2016 to 2018 were identified from the National Inpatient
Sample. Trends in the use of VA-ECLS with and without an IABP or Impella were assessed semiannually. Multivariable logistic
regression and general linear regression evaluated the association of Impella and IABP use with in-hospital outcomes. Overall,
12035 hospitalizations with cardiogenic shock and VA-ECLS were identified, of which 3115 (26%) also received an IABP and
1880 (16%) an Impella. Use of an Impella with VA-ECLS substantially increased from 10% to 18% over this period (P<0.001),
whereas an IABP modestly increased from 25% to 26% (P<0.001). In-hospital mortality decreased 54% to 48% for VA-ECLS
only, 61% to 58% for VA-ECLS with an Impella, and 54% to 49% for VA-ECLS with an IABP (P<0.001 each). Most (57%) IABPs
or Impellas were placed on the same day as VA-ECLS. After adjustment, there were no differences in in-hospital mortality or
length of stay with the addition of an IABP or Impella compared with VA-ECLS alone.

CONCLUSIONS: From 2016 to 2018 in the United States, use of an Impella and IABP with VA-ECLS significantly increased. More
than half of Impellas and IABPs were placed on the same day as VA-ECLS, and the use of a second mechanical circulatory
support device did not impact in-hospital mortality. Further studies are needed to decipher the optimal timing and patient
selection for this growing practice.
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espite significant advancement in treatment modal- early revascularization of the culprit lesion in those with
ities, cardiogenic shock (CS) continues to be asso- CS secondary to acute myocardial infarction (AMI) is
ciated with significant (=50%) mortality." At present, the only treatment known to be associated with better
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CLINICAL PERSPECTIVE

What Is New?

e Use of an Impella and intra-aortic balloon pump
with veno-arterial extracorporeal life support
have drastically increased in the United States
from 2016 to 2018; however, the seemingly
complimentary use of a second mechanical
support device with veno-arterial extracorpor-
eal life support is not associated with a com-
mensurate impact on in-hospital mortality.

What Are the Clinical Implications?

e Many have concluded that an Impella or intra-
aortic balloon pump may counteract the del-
eterious increased afterload from veno-arterial
extracorporeal life support.

e Although use of these devices is increasing
mostly on the same day as veno-arterial extra-
corporeal life support, whether and when to use
an Impella or intra-aortic balloon pump is still
unclear and warrants further investigation.

Nonstandard Abbreviations and Acronyms

CS cardiogenic shock

IABP intra-aortic balloon pump
MCS mechanical circulatory support
NIS National Inpatient Sample
SNF skilled nursing facility

VA-ECLS veno-arterial extracorporeal life
support

outcomes. It is important to identify other treatments that
can help improve outcomes in patients across the spec-
trum of CS.2 Mechanical circulatory support (MCS) with
veno-arterial extracorporeal life support (VA-ECLS) has
been shown to improve survival after cardiopulmonary
resuscitation among patients with refractory cardiac ar-
rest3; however, its use in patients with CS is not based on
evidence from randomized controlled trials.*

Although VA-ECLS may help in providing tempo-
rary support as a bridge to a durable left ventricular
(LV) assist device or heart transplant, its use comes
at the hemodynamic cost of increased LV afterload
secondary to retrograde aortic blood flow. In pa-
tients with CS, increased LV afterload can result in
delayed myocardial recovery, myocardial ischemia,
pulmonary congestion, and increased predilection to
arrhythmias and thrombotic events secondary to he-
mostasis.>® Consequently, many percutaneous assist
devices, such as an intra-aortic balloon pump (IABP)
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and Impella (Abiomed), as well as surgical interventions
including central cannulation of the left atrium, left ven-
tricle, and axillary artery have been proposed as poten-
tial LV unloading or LV venting mechanisms to balance
the increased afterload with VA-ECLS. Although this
approach is promising based on the pathophysiology,
clinical trials in this critically ill population have proven
to be difficult’; as such, data on outcomes to support
real-world usefulness remain limited from small scale
studies.?® Accordingly, we designed the present study
to assess the contemporary trends in use and out-
comes of VA-ECLS support with and without a second
MCS device in CS using a nationwide, representative
cohort.

METHODS

The data that support the findings of this study are
available from the corresponding author upon rea-
sonable request. The Healthcare Cost and Utilization
Project National Inpatient Sample (NIS) is the largest
publicly available, all-payer, nationally representative
database. It constitutes a 20% random sample of all
community hospital discharges in the United States
unweighted and contains >7million hospitalizations
in 2018; weighted, it includes =35 million hospitaliza-
tions. It contains a complex sampling design with pro-
vided weights that allow for calculation of unbiased,
population-level national estimates.”® Patient data in
the NIS are deidentified, and therefore, no institutional
review board approval was necessary for the present
study. Written informed consent was not required; the
study had proper ethical oversight throughout.

Hospitalizations containing a diagnosis of CS with
VA-ECLS use from 2016 to 2018 were identified from the
NIS using International Classification of Diseases, Ninth
Revision (ICD-9) and Tenth Revision (ICD-10) codes.
Comorbidities, inpatient complications, and procedures
were similarly assigned using ICD-9 and ICD-10 codes,
and are detailed in Table S1-S5. Hospitalizations for in-
dividuals aged <18years or those with missing age or
mortality data were excluded (Figure 1). Identified hospi-
talizations were stratified into those who underwent VA-
ECLS with the use of additional MCS devices, such as
an Impella and IABP, versus those with VA-ECLS alone.
Relative timing of VA-ECLS and second MCS devices
were determined in units of days. Hospitalizations were
further stratified by sex.

Statistical Analysis

Descriptive statistics were used to examine distri-
butions of continuous variables and frequencies of
categorical variables; baseline characteristics were
compared between groups using the Kruskal-Wallis
test for continuous variables and Wald x? test for
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Adults with CS and VA-ECLS
(n=12,035)
CS with VA-ECLS alone CS with VA-ECLS and
(n=7,440) additional MCS
(n=4,595)
Long term No Long Long term No Long
therapy term therapy term
LVAD (n=525) therapy LVAD (n=385) therapy
HTx (n=435) (n=6,480) HTx (n=255) (n=3,955)
l \ 4
A 3 Hospital
In-hospital In-hospital In-hospital In-hospital Survivors
mortality mortality mortality mortality (n=5,830)
(n=325) (n=3,520) (n=185) (n=2,170)
Disposition
Home (n=1,750)
Hospital transfer
(n=1,395)
SNF (n=2,675)
Figure 1. Inclusion and exclusion criteria.

CS indicates cardiogenic shock; HTx, heart transplant; LVAD, left ventricular assist device; MCS,
mechanical circulatory support; SNF, skilled nursing facility; and VA-ECLS, veno-arterial extracorporeal

life support.

categorical variables, where appropriate. Poisson re-
gression adjusting for age and Charlson Comorbidity
Index evaluated trends in use of VA-ECLS, use of sec-
ond MCS devices (Impella or IABP) with VA-ECLS, and
in-hospital mortality in 6-month intervals from 2016 to
2018. Charlson Comorbidity Index was calculated using
Quan et al's' adaptation of the Deyo et al'? method;
age and Charlson Comorbidity Index were treated as
restricted quadratic splines. The primary outcome of
interest was all-cause in-hospital mortality. Secondary
outcomes included discharge to skilled nursing facil-
ity (SNF) and length of stay in days. Unadjusted and
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multivariable logistic regression models examined as-
sociations of concomitant use of an Impella or IABP
and VA-ECLS with in-hospital mortality and discharge
to an SNF compared with VA-ECLS alone; multivari-
able general linear models were used to examine as-
sociation with length of stay. Multivariable models were
adjusted for age, Charlson Comorbidity Index, atrial
fibrillation, hypertension, diabetes, chronic obstructive
pulmonary disease, primary insurance, year, income
quartile of the patient’s zip code, and hospital bed
size. Finally, median time to VA-ECLS and use of an
additional MCS device were examined; outcomes in
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patients who received a second MCS device at least
1 day before VA-ECLS and at least 1 day after VA-ECLS
were compared with those who received VA-ECLS and
an additional MCS device on the same day. We con-
ducted a sensitivity analysis examining the above pri-
mary and secondary outcomes including only patients
who received a second MCS device within 48 hours of
VA-ECLS, consistent with prior studies.®™® We further
performed a subgroup analysis among patients where
AMI was in the primary (Diagnosis 1 or DX1) or first
secondary (Diagnosis 2 or DX2) position, to examine
patients with CS secondary to AMI.

Complex sampling design and weights were ac-
counted for in all analyses using SAS survey packages
and %SURVEYGENMOD for Poisson regression; clus-
ter variables included unique hospital identifier and
year.* All analyses were performed using SAS 9.4
(SAS Institute, Cary, NC).

RESULTS

Overall, 460040 hospitalizations (92008 unweighted
observations) for CS were identified from 2016 to 2018,
of which 12035 (8%) were treated with VA-ECLS. Of
these, 4595 (38%) were treated with a second MCS de-
vice during the hospitalization, including 3115 with an
IABP (26%) and 1880 (16%) with an Impella. There were
3910 (32%) women with CS and VA-ECLS, of which 455
(12%) received an Impella in addition to VA-ECLS, and
840 (21%) received an IABP. In comparison, 1425 (18%)
men received an Impella in addition to VA-ECLS, and
2275 (28%) received an IABP. Those who had a second
MCS device were older, more likely to be men, White,
to have coronary artery disease, heart failure, diabe-
tes, chronic kidney disease, and hypertension (Table 1).
They were also more likely to have had AMI during the
hospitalization (52% versus 28%, P<0.001) and had
similar use of destination therapy such as placement
of a durable LV assist device and heart transplant (6%
versus 6%, P=0.50). Use of VA-ECLS, an IABP, and an
Impella were more common in large-volume hospitals.

Trends in VA-ECLS, Impella, and IABP
Hospitalizations with CS and VA-ECLS increased from
1585 in the first half of 2016 to 2335 in the latter half
of 2018 (P<0.001). Use of an Impella in addition to VA-
ECLS substantially increased from 10% to 18% over
this period (P<0.001), whereas use of an IABP mod-
estly increased from 25% to 26% (P<0.001) (Figure 2).
In the last 6 months of 2018, 41% of adults with cardio-
genic shock on VA-ECLS were treated with a second
MCS device, with 26% receiving an IABP, 16% receiv-
ing an Impella, and 3% undergoing both.
Hospitalizations with CS and VA-ECLS increased
from 1135 to 1500 in men and from 450 to 835 in
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women; use of a second MCS device also increased
from 36% to 41% for men and from 27% to 42% for
women, largely driven by significant increases in
Impella use (men: from 11% to 19%, women: from 7%
to 17%) (P<0.001 for each). IABP use remained highly
variable and relatively clinically unchanged for both
men and women (Table 2).

Outcomes in VA-ECLS, Impella, and IABP

In-hospital all-cause mortality decreased from 54% to
48% over the course of the study in those undergoing
VA-ECLS only, and from 56% to 52% in those under-
going VA-ECLS plus an Impella or IABP (P<0.001 for
both). Mortality in those receiving an Impella decreased
from 61% to 58% and from 54% to 49% in those re-
ceiving an IABP (P<0.001 for both) (Figure 3). Stratified
by sex, in-hospital all-cause mortality decreased from
54% to 50% for men and from 52% to 43% for women
(P<0.001 for each).

After multivariable adjustment, there were no differ-
ences in mortality or length of stay with use of an IABP
with VA-ECLS and use of an Impella with VA-ECLS
compared with VA-ECLS alone. Both use of an Impella
with VA-ECLS and use of an IABP with VA-ECLS
were associated with decreased odds of discharge
to an SNF compared with VA-ECLS alone (Figure 4;
Table S2).

Timing of Second MCS Device

VA-ECLS was placed on a median hospital day
0.53 (interquartile range [IQR], 0-4.11). In those un-
dergoing a second MCS device, additional support
(an IABP or Impella) was placed a median of 0.42 days
(IQR, 0-4.13) after VA-ECLS. A majority (2280 [57%)])
of additional MCS devices were placed on the same
day as VA-ECLS; 1190 (29%) were placed >1day be-
fore VA-ECLS, and 565 (14%) were placed >1 day after
VA-ECLS (Figure 5). After multivariable adjustment, in-
hospital mortality and discharge to an SNF did not dif-
fer in those undergoing VA-ECLS and a second MCS
device >24hours before or after VA-ECLS compared
with same day use. Use of a second MCS device
>24hours before VA-ECLS and >24hours after VA-
ECLS were both associated with an increased length
of stay (Table S3).

Sensitivity Analyses

Including only adults who underwent a second MCS
device within 48hours of VA-ECLS, 2895 (28%) hos-
pitalizations for CS and VA-ECLS included a second
MCS device, of which 1190 (12%) were an Impella and
1900 (18%) were an IABP. Impella use increased over
the course of the study (8% of all hospitalizations with
VA-ECLS to 10%, P<0.001), whereas IABP use declined
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Table 1. Baseline Characteristics of Adults With Cardiogenic Shock and VA-ECLS From 2016 to 2018

VA-ECLS+Impella, N=1880 VA-ECLS+intra-aortic balloon pump,
Variable VA-ECLS only, N=7440 (16%) N=3115 (26%)
Age, y, median (IQR) 56 (45-65) 58 (51-64) 60 (52-68)
Women, n (%) 2715 (36) 455 (24) 840 (27)
Race and ethnicity, n (%)
Non-Hispanic White 4340 (63) 1110 (65) 1925 (68)
Non-Hispanic Black 1210 (18) 220 (13) 370 (13)
Hispanic 530 (8) 200 (12) 260 (9)
Other, including Asian/Pacific 785 (11) 190 (11) 270 (10)
Islander, Native American
Charlson score, median (IQR) 2.06 (1.29-3.50) 2.31 (1.41-3.82) 2.43 (1.46-3.81)
Comorbidities, n (%)
Atrial fibrillation 2425 (33) 595 (32) 1140 (37)
Chronic kidney disease 1615 (22) 440 (23) 800 (26)
Chronic obstructive 1080 (14) 245 (13) 450 (14)
pulmonary disease
Coronary artery disease 3455 (46) 1455 (77) 2245 (72)
Diabetes 1185 (25) 615 (33) 930 (30)
Heart failure 4770 (64) 1410 (75) 2345 (75)
Hypertension 4145 (56) 1150 (61) 1965 (63)
Peripheral arterial disease 305 (4) 125 (7) 165 (5)
Valvular heart disease 1725 (23) 335 (18) 870 (28)
Acute myocardial infarction 2050 (28) 1110 (59) 1555 (50)
Percutaneous coronary 505 (25) 655 (59) 670 (43)
intervention
Coronary artery bypass grafting 290 (14) 145 (13) 465 (30)
Primary insurance, n (%)
Medicaid/Medicare 3910 (53) 840 (45) 1605 (52)
Private 3075 (42) 895 (48) 1275 (41)
Other/self-pay 425 (6) 140 (8) 225 (7)
Household income, n (%)
Low 1955 (27) 435 (24) 685 (22)
Medium 1815 (25) 455 (25) 780 (26)
High 1885 (26) 450 (24) 805 (26)
Highest 1675 (23) 505 (27) 785 (26)
Hospital size, n (%)
Small 210 (2) 35(2) 120 (4)
Medium 810 (11) 305 (16) 365 (12)
Large 6420 (86) 1540 (82) 2630 (84)
Length of stay, d, median (IQR) 14.34 (4.80-29.62) 8.55 (2.31-25.62) 14.05 (5.37-27.50)
Destination therapy, n (%) 945 (13) 195 (10) 465 (15)
Heart transplant 435 (6) 50 (3) 210 (7)
Durable left ventricle assist 525 (7) 145 (8) 260 (8)
device

from 18% to 11% (P=0.03). Mortality decreased from
52% to 46% overall (P<0.001), but modestly increased
from 50% to 53% in those with a second MCS de-
vice (P<0.001). After multivariable adjustment, use of
an Impella with VA-ECLS was not associated with a
difference in mortality compared with VA-ECLS alone;
however, it was associated with decreased odds of
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discharge to an SNF and decreased length of stay.
Use of an IABP with VA-ECLS was associated with de-
creased odds of in-hospital mortality (Table S4).

In the subgroup analysis of hospitalizations with CS
complicating AMI, use of VA-ECLS increased from 465
in the first half of 2016 to 745 in the latter half of 2018
(P<0.001). Use of an IABP increased from 33% to 37%,
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Figure 2. Trends in hospitalizations for cardiogenic shock with VA-ECLS and VA-ECLS+second

MCS from 2016 to 2018 by 6-month intervals.

IABP indicates intra-aortic balloon pump; MCS, mechanical circulatory support; and VA-ECLS, veno-

arterial extracorporeal life support.

and use of an Impella similarly increased from 17%
to 30% over this period (P<0.001 for both). Mortality
during this period in those undergoing VA-ECLS alone
increased from 61% to 63% (P<0.001) but decreased
from 62% to 59% (P<0.001) for those undergoing VA-
ECLS and a second MCS device. After multivariable
adjustment, use of an Impella with VA-ECLS was as-
sociated with modestly increased odds of in-hospital
mortality but decreased length of stay in those surviving

to discharge. Odds of in-hospital mortality and SNF
discharge did not differ with an IABP plus VA-ECLS
compared with VA-ECLS alone, and length of stay did
not differ for either subgroup (Table S5).

DISCUSSION

In this study of a nationally representative sample of
adults hospitalized with CS in the United States from

Table 2. Use of VA-ECLS, VA-ECLS With an Impella, and VA-ECLS With an Intra-Aortic Balloon Pump Semiannually From

2016 to 2018, Stratified by Sex

2016 2017 2018
(January- 2016 (July- (January- 2017 (July- (January- 2018 (July- P value,
June) December) June) December) June) December) trend*
Men, n (%)
VA-ECLS 1135 1125 1320 1410 1625 1500 <0.001
VA-ECLS+any second MCS device 405 (36) 495 (44) 565 (43) 615 (44) 695 (43) 615 (41) <0.001
VA-ECLS+Impella 125 (11) 175 (16) 215 (16) 270 (19) 350 (22) 280 (19) <0.001
VA-ECLS+intra-aortic balloon pump 295 (26) 385 (34) 415 (31) 410 (29) 405 (25) 365 (24) <0.001
Women, n (%)
VA-ECLS 450 570 670 600 785 835 <0.001
VA-ECLS+any second MCS device 120 (27) 180 (32) 195 (29) 145 (24) 205 (26) 350 (42) <0.001
VA-ECLS+Impella 30 (7) 45 (8) 90 (14) 60 (10) 90 (12) 140 (17) <0.001
VA-ECLS+intra-aortic balloon pump 105 (23) 135 (24) 125 (19) 95 (16) 135 (17) 245 (29) <0.001

MCS indicates mechanical circulatory support; and VA-ECLS, veno-arterial extracorporeal life support.
*Adjusted for age and Charlson Comorbidity Index.
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Figure 3. Temporal trends of in-hospital mortality in cardiogenic shock admissions receiving VA-
ECLS therapy and VA-ECLS+second mechanical circulatory support device by 6-month intervals.
IABP indicates intra-aortic balloon pump; and VA-ECLS, veno-arterial extracorporeal life support.

2016 to 2018, 38% of those undergoing VA-ECLS also
underwent a second MCS device; 26% had IABP
placement, and 16% underwent Impella placement.
Use of VA-ECLS overall increased over the study pe-
riod, as did use of both Impella and IABP as second
MCS devices. In-hospital mortality decreased with
time in those with VA-ECLS alone, VA-ECLS with an
Impella, and VA-ECLS with an IABP. Use of an IABP
and Impella with VA-ECLS both decreased odds of
SNF discharge; neither were associated with de-
creased odds of in-hospital mortality or length of stay;
however, IABP trended toward a mortality benefit.
More than half of second MCS devices were placed
on the same day as VA-ECLS, and variation from this
timing did not affect in-hospital mortality (Figure 6).
The present study provides important contemporary
data on increasing use of VA-ECLS and LV support
devices such as an IABP and an Impella in adults with
CS, in the absence of clinical trial data and updated
guidelines.

Despite advancements in management modalities,
CS continues to carry significant morbidity and mor-
tality."'® Timely use of mechanical circulatory support
devices in certain cases can be a life-saving interven-
tion, serving as a bridge to recovery or to destination
therapy with durable mechanical circulatory support or
heart transplantation.'®'” Our study found use of VA-
ECLS in CS significantly increased from 2016 to 2018,
and recent use of VA-ECLS from 2016 to 2018 was

J Am Heart Assoc. 2022;11:e7896. DOI: 10.1161/JAHA.121.025216

considerably higher (=4000 per year) compared with
prior studies from 2004 to 2016, which reported an
average of ~1150 per year.'®

Increased afterload during VA-ECLS can cause in-
creased LV pressure and decreased stroke volume. It
is likely that increased wall stress can lead to additional
myocardial ischemia, which has been hypothesized to
delay myocardial recovery, increase pulmonary con-
gestion, and predispose patients to arrythmias and
pulmonary thrombi.'®?% Consequently, many LV vent-
ing/unloading strategies, including an Impella/IABP,
respectively, have been used to offset this limitation of
VA-ECLS use.522223 Although the premise of using
such a strategy is physiologically promising, data on
outcomes have been limited to small observational
studies and a few registries.®%?* Use of a second MCS
device for LV venting/unloading has demonstrated
mortality benefit in observational studies compared
with VA-ECLS alone®®; however, randomized trials with
VA-ECLS and cardiogenic shock do not exist, and sev-
eral trials exploring MCS devices in AMI have proven to
be challenging.”?® Although our present study is lim-
ited in determining whether an IABP or Impella were
placed for the purpose of LV venting, it suggests that
even in the absence of trial data and supporting guide-
lines, physicians are increasingly adopting a strategy
of using a second MCS device. An Impella and IABP
were most frequently used in the setting of CS com-
plicating AMI, consistent with populations studied
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Figure 4. Adjusted odds of in-hospital outcomes by use of an Impella or IABP with VA-ECLS

compared with VA-ECLS alone.

AMI indicates acute myocardial infarction; IABP, intra-aortic balloon pump; MCS, mechanical circulatory
support; SNF, skilled nursing facility; and VA-ECLS, veno-arterial extracorporeal life support.

in the IABP-SHOCK (Intraaortic Balloon Support for
Myocardial Infarction with Cardiogenic Shock) and
the IMPRESS (Impella Versus Intra-Aortic Balloon
Pump in Acute Myocardial Infarction Complicated by
Cardiogenic Shock) trials. Although Impella did not
demonstrate a mortality benefit and saw a modestly
increased odds of in-hospital mortality, in a sensitivity
analysis, IABP use trended toward decreased odds of
in-hospital mortality in the present study. The variation
in mortality results in our study and previous observa-
tional studies may be explained by the heterogeneity in
the study population, but warrants further investigation.

Aside from causes of CS, timing of implementation
of a second MCS device is a particularly important
consideration. In our nationally representative sam-
ple from 2016 to 2018, more than half of second MCS
devices were placed on the same day as VA-ECLS,
and the relative timing of an Impella or IABP did not
impact in-hospital mortality. Use of an early or con-
current Impella or IABP with VA-ECLS is consistent
with positive results from prior studies; specifically, a

J Am Heart Assoc. 2022;11:e7896. DOI: 10.1161/JAHA.121.025216

meta-analysis of 62 observational studies found de-
creased mortality with LV venting and VA-ECLS com-
pared with VA-ECLS alone only in those with early
(<12hours from VA-ECLS) support with an Impella or
IABP.2" Early additional support may prevent LV hyper-
tension and distension, which is inversely proportional
to myocardial recovery.?° Timing of implementation in
many cases is affected by multiple factors, including
type of device (Impella versus IABP), indication (high
risk percutaneous coronary intervention, LV venting,
need for additional hemodynamic support), and clinical
setting (preemptive LV venting versus bailout strategy).
In some cases, VA-ECLS may represent an escalation
in level of MCS in a patient who already had an IABP
or Impella in place, and in such patients, the first de-
vice would be left in place. In other cases, an IABP
or Impella may be used as a bailout strategy when
complications of LV loading with VA-ECLS have set in.
Although our study is limited in delineating the under-
lying clinical scenario in which a second MCS device
is placed, it did demonstrate that outcomes do not
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differ by timing of placement for all comers. Different
VA-ECLS modalities, such as left atrial VA-ECLS, have
emerged as possible alternatives to unload LV without
addition of a second MCS, which could prevent the
associated mechanical and vascular complications.
Our study does have limitations. First, given the na-
ture of the NIS, we were unable to determine the clinical
scenario in which a second MCS device was deployed.
We were also unable to determine duration of Impella/
IABP, and it is thus possible that some patients with a
second MCS device had that device removed during
VA-ECLS cannulation, and it was not left in place as a
vent. Second, the NIS is reliant on documentation with
ICD-9 and ICD-10 coding. Thus, coding differences may
exist between participating hospitals, and certain co-
variates that may be of interest could not be obtained.
Also, because of nonspecific codes, we were unable to
identify other venting techniques such as atrial septos-
tomy. Third, the NIS does not identify individual patients
or their hospitalizations, and therefore we could not ex-
amine patient-level longitudinal trends. Also, because
we relied on an ICD procedure coding system for iden-
tification of VA-ECLS and LV venting with an Impella or
IABP, we could not determine days on VA-ECLS as an
end point. Furthermore, because the NIS reports days
of procedures, we were limited to describe relative tim-
ing of VA-ECLS and a second MCS device in units of

J Am Heart Assoc. 2022;11:e7896. DOI: 10.1161/JAHA.121.025216

days instead of hours as previous studies have.?” The
retrospective nature of these data, however, precluded
causal inference and could not exclude treatment and
selection biases or identify provisional versus immediate
unloading strategies. Collectively, these observational
data suggest that LV unloading is not a benign therapy,
and further work is required to evaluate efficacy, safety,
and the requisite clinical baseline risk to potentially un-
load the LV with a second MCS. Finally, interinstitutional
practices for durable ventricular assist device or trans-
plant might affect the decision pathway and outcomes
in this registry.

CONCLUSIONS

In this nationally representative study of adults hospitalized
with CS in the United States from 2016 to 2018, hospitaliza-
tions with VA-ECLS therapy significantly increased, as did
use of an Impella and IABP with VA-ECLS. More than half
of Impellas and IABPs were placed on the same day as
VA-ECLS, although relative timing did not impact in-hospital
mortality. The use of a second MCS device, such as an
Impella or IABP, with VA-ECLS was not associated with dif-
ferences in in-hospital mortality compared with VA-ECLS
alone; however, both were associated with decreased
odds of SNF discharge. Despite limited clinical trial/guide-
line support, use of an Impella and IABP with VA-ECLS is
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significantly increasing in the United States; further studies
are needed to decipher the optimal timing and patient se-
lection to improve outcomes in this critically ill population.
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Table S1. International Classification of Disease Codes

Inclusion or Stratification
Criteria

Acute myocardial infarction

Cardiogenic shock

ECMO

Intra-aortic balloon pump

Impella

Placement of durable left
ventricle assist device

Heart transplant

Baseline Characteristics

Atrial Fibrillation/Flutter

Heart Failure

Hypertension

Coronary Artery Disease /
Prior Acute Myocardial
Infarction

Chronic Kidney Disease

ICD-10-CM or ICD-10-PCS

121.0x, 121.1x, 121.2x, 121.3x, and 121.4x

R57.0

5A15223, 5A1522F,5A1522G, 5A1522H

5A02110, 5A02210
5A0221D, 5A0211D

02HA0QZ, 02HA3QZ, 02HA4QZ

02YA0Z0, 02YA0Z1, 02YA0Z2, 0BYMO0Z0, 0BYMO0Z1,
0BYMO0Z2, 02YA0Z0, 02YA0Z1, 02YA0Z2, 02RKO0JZ,
02RL0JZ, 02RKO0JZ, 02RL0JZ, 02WA0JZ, 02WA0JZ,
02PA0JZ

148*

150*

110*, 111, 112, 113, 116

121.01, 121.02, 121.09, 121.11, 121.19, 121.21, 121.29, 121.3,
121.4,121.9
122.0, 122.1, 122.2, 122.8, 122.9
125.1,125.2, 125.7, 125.8
Z95.1, 795.5, 798.61

N18*



Chronic Obstructive
Pulmonary Disease

Diabetes Mellitus

Peripheral Artery Disease

Primary Pulmonary
Hypertension

TIA/Ischemic Stroke

Valvular Heart Disease

Sleep Apnea

Depression

Anemia

Thyroid Disease

Obesity

J40*-J45*, J4T*

E10*, E11*, E13*, E14*

170.1,170.2,170.3, 170.4, 170.5, 170.6, 170.7, 170.8, 170.9,
173.9, 295.82

127.0

G45, 160.0 - 160.9, 163, 167.81, 167.82, 167.89, 167.9, 197.81,
197.82

134, 135, 136, 137, 105, 106, 107, 108, 109.1, Z95.2, Z95.3,
7954

G47.30 - G47.39

F33*

D50, D51, D52, D53, D59, D63.0, D63.1, D63.8, D64.9

EO3, EO5, E06, EO7.9

E66*

Abbreviations: ICD, International Classification of Diseases



Table S2. Clinical outcomes By Impella and Intraortic Balloon Pump with VA-ECLS

(days)

Impella” Intraortic Balloon Pump”®
Outcome Unadjusted Adjusted Odds Unadjusted | Adjusted Odds
Odds Ratio Ratio' Odds Ratio Ratio"
(95% CI) (95% ClI)
In-hospital
mortality
Overall 1.25(0.98, 1.58) | 1.24(0.98, 1.57) | 0.93 (0.77, 0.84 (0.69,
1.12) 1.03)
AMI 1.30(0.92, 1.84) | 1.36 (0.95, 1.94) | 0.80 (0.60, 0.76 (0.56,
1.07) 1.03)
Non-AMI | 1.00(0.71,1.41) |1.01(0.72,1.43) | 1.03 (0.81, 0.87 (0.67,
1.31) 1.12)
Discharge to 0.65 (0.46, 0.92) | 0.62 (0.43,0.89) | 0.67 (0.52, 0.59 (0.45,
Skilled nursing 0.86) 0.77)
facility
Change in p-value Change in p-value
estimate (95% estimate (95%
Cl) Cl)
Length of stay -2.5(-5.2,0.1) 0.06 0.2 (-2.2, 2.6) 0.84

hospital bed size

infarction

“Compared to VA-ECLS only
TAdjusted for age, CCl, atrial fibrillation, hypertension, diabetes mellitus, chronic obstructive
pulmonary disease, primary insurance, year, income quartile of patient’s ZIP code, and

Abbreviations: VA-ECLS, veno-arterial extra-corporeal life support; AMI, acute myocardial




Table S3. Outcomes in adults with cardiogenic shock and VA-ECLS by timing of second

MCS device
Second MCS device >24 hours Second MCS device >24 hours
Prior to VA-ECLS" After VA-ECLS"
Outcome Unadjusted Adjusted Odds Unadjusted | Adjusted Odds
Odds Ratio Ratio’ Odds Ratio Ratio’
(95% CI) (95% CI)
In-hospital 1.15(0.84,1.59) | 1.13(0.81, 1.59) | 1.05 (0.69, 1.04 (0.66,
mortality 1.60) 1.64)
Discharge to 1.14 (0.74,1.75) |0.89 (0.52,1.52) | 1.72 (0.92, 1.52 (0.79,
Skilled nursing 3.20) 2.92)
facility
Change in p-value Change in p-value
estimate (95% estimate (95%
Cl) Cl)
Length of stay 8.7 (3.8, 13.5) <0.001 6.7 (2.3,11.2) | 0.003

(days)

bed size

“Compared to VA-ECLS + Second MCS on same hospital day
TAdjusted for age, CCl, atrial fibrillation, hypertension, diabetes mellitus, chronic obstructive
pulmonary disease, primary insurance, year, income quartile of patient’s ZIP code, and hospital

Abbreviations: VA-ECLS, veno-arterial extra-corporeal life support; MCS, mechanical
circulatory support




Table S4. Sensitivity analysis including only those undergoing second MCS within two
hospital days of VA-ECLS

(days)

Impella” Intraortic Balloon Pump”
Outcome Unadjusted Adjusted Odds Unadjusted | Adjusted Odds
Odds Ratio Ratio’ Odds Ratio Ratio’
(95% CI) (95% ClI)
In-hospital
mortality
Overall 1.29 (0.98,1.69) | 1.27(0.96, 1.68) | 0.85 (0.68, 0.75 (0.59,
1.08) 0.97)
AMI 1.19(0.81,1.76) | 1.21(0.81,1.82) | 0.75 (0.53, 0.71 (0.48,
1.06) 1.03)
Non-AMI | 0.83(0.55,1.28) | 1.21(0.78,1.88) | 1.14 (0.84, 0.75 (0.55,
1.53) 1.02)
Discharge to 0.55 (0.36, 0.85) | 0.54 (0.34,0.84) | 0.80 (0.59, 0.73 (0.54,
skilled nursing 1.08) 1.00)
facility
Change in p-value Change in p-value
estimate (95% estimate (95%
Cl) Ch
Length of stay -6.9 (-9.7, -4.1) <0.001 -0.7 (-3.2,1.8) | 0.58

hospital bed size

infarction

“Compared to VA-ECLS only
TAdjusted for age, CCl, atrial fibrillation, hypertension, diabetes mellitus, chronic obstructive
pulmonary disease, primary insurance, year, income quartile of patient’s ZIP code, and

Abbreviations: VA-ECLS, veno-arterial extra-corporeal life support; AMI, acute myocardial




Table S5. Sensitivity analysis of those with cardiogenic shock and VA-ECLS complicating
acute myocardial infarction

(days)

Impella” Intraortic Balloon Pump”
Outcome Unadjusted Adjusted Odds Unadjusted | Adjusted Odds
Odds Ratio Ratio’ Odds Ratio Ratio"
(95% CI) (95% ClI)
In-hospital 1.39(0.96,2.02) | 1.52(1.04,2.21) | 0.85 (0.62, 0.80 (0.57,
mortality 1.17) 1.12)
Discharge to 0.61 (0.35,1.07) | 0.62(0.32, 1.20) | 0.65 (0.40, 0.54 (0.31,
Skilled Nursing 1.04) 0.94)
Facility
Change in p-value Change in p-value
estimate estimate
Length of stay -6.9 (-9.7, -4.1) <0.001 -2.1(-5.7,1.6) |0.26

hospital bed size

“Compared to VA-ECLS only
TAdjusted for age, CCl, atrial fibrillation, hypertension, diabetes mellitus, chronic obstructive
pulmonary disease, primary insurance, year, income quartile of patient’s ZIP code, and

Abbreviations: VA-ECLS, veno-arterial extra-corporeal life support
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