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IMPORTANCE Acute myocardial infarction (AMI) complicated by cardiogenic shock is
associated with substantial morbidity and mortality. Although intravascular microaxial left
ventricular assist devices (LVADs) provide greater hemodynamic support as compared with
intra-aortic balloon pumps (IABPs), little is known about clinical outcomes associated with
intravascular microaxial LVAD use in clinical practice.

OBJECTIVE To examine outcomes among patients undergoing percutaneous coronary
intervention (PCI) for AMI complicated by cardiogenic shock treated with mechanical
circulatory support (MCS) devices.

DESIGN, SETTING, AND PARTICIPANTS A propensity-matched registry-based retrospective
cohort study of patients with AMI complicated by cardiogenic shock undergoing PCI between
October 1, 2015, and December 31, 2017, who were included in data from hospitals
participating in the CathPCI and the Chest Pain-MI registries, both part of the American
College of Cardiology’s National Cardiovascular Data Registry. Patients receiving an
intravascular microaxial LVAD were matched with those receiving IABP on demographics,
clinical history, presentation, infarct location, coronary anatomy, and clinical laboratory data,
with final follow-up through December 31, 2017.

EXPOSURES Hemodynamic support, categorized as intravascular microaxial LVAD use only,
IABP only, other (such as use of a percutaneous extracorporeal ventricular assist system,
extracorporeal membrane oxygenation, or a combination of MCS device use), or medical
therapy only.

MAIN OUTCOMES AND MEASURES The primary outcomes were in-hospital mortality and
in-hospital major bleeding.

RESULTS Among 28 304 patients undergoing PCI for AMI complicated by cardiogenic shock,
the mean (SD) age was 65.0 (12.6) years, 67.0% were men, 81.3% had an ST-elevation
myocardial infarction, and 43.3% had cardiac arrest. Over the study period among patients
with AMI, an intravascular microaxial LVAD was used in 6.2% of patients, and IABP was used
in 29.9%. Among 1680 propensity-matched pairs, there was a significantly higher risk of
in-hospital death associated with use of an intravascular microaxial LVAD (45.0%) vs with an
IABP (34.1% [absolute risk difference, 10.9 percentage points {95% CI, 7.6-14.2}; P < .001)
and also higher risk of in-hospital major bleeding (intravascular microaxial LVAD [31.3%] vs
IABP [16.0%]; absolute risk difference, 15.4 percentage points [95% CI, 12.5-18.2]; P < .001).
These associations were consistent regardless of whether patients received a device before
or after initiation of PCI.

CONCLUSIONS AND RELEVANCE Among patients undergoing PCI for AMI complicated by
cardiogenic shock from 2015 to 2017, use of an intravascular microaxial LVAD compared with
IABP was associated with higher adjusted risk of in-hospital death and major bleeding
complications, although study interpretation is limited by the observational design. Further
research may be needed to understand optimal device choice for these patients.
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B ased on data collected from 1995 to 2013, cardio-
genic shock occurs in an estimated 4% to 12%1-3 of
patients with acute myocardial infarction (AMI) and

is associated with substantial morbidity and mortality. Per-
cutaneous coronary intervention (PCI) is the cornerstone of
management with a consideration of hemodynamic support
with mechanical circulatory support (MCS) devices—most
commonly intra-aortic balloon pumps (IABPs) and Impella
devices (intravascular microaxial left ventricular assist
devices [LVADs]).

Although intravascular microaxial LVADs improve
hemodynamic parameters more than IABPs, it is not known
whether this translates into improved outcomes among
patients. The first intravascular microaxial LVAD received US
Food and Drug Administration (FDA) clearance (in 2008
through the 510[k] regulatory pathway) for temporary sup-
port for up to 6 hours during cardiac procedures based on
substantial equivalence to previously approved circulatory
support devices but without a pivotal trial to demonstrate
clinical efficacy compared with a control group.4 Intravascu-
lar microaxial LVADs were later reclassified as higher-risk
class III medical devices in 2014, which now require premar-
ket approval. In April 2016, FDA-approved indications for
intravascular microaxial LVADs were expanded through pre-
market approval to include treatment of cardiogenic shock
following AMI. This was based, in part, on a randomized
clinical trial (RCT) that showed improved hemodynamics as
compared with IABP,5 as well as data from a manufacturer-
initiated registry demonstrating improved outcomes relative
to historical data.6 Two RCTs that compared intravascular
microaxial LVAD and IABP have demonstrated no statisti-
cally significant difference in 30-day mortality in AMI com-
plicated by cardiogenic shock.5,7 A matched-pair analysis
of 474 patients treated with intravascular microaxial LVAD
in clinical practice compared with treatment using IABP
(from patients in the IABP-SHOCK II trial) similarly showed
no statistically significant mortality difference.8 Despite lim-
ited data demonstrating improvements in clinical outcomes
relative to IABP, use of intravascular microaxial LVAD has
steadily increased over time.9,10

Accordingly, this study sought to use the clinical data col-
lected in 2 national registries to examine clinical outcomes as-
sociated with intravascular microaxial LVAD and IABP among
patients with AMI complicated by cardiogenic shock under-
going PCI.

Methods
Data Source
For this study, we linked CathPCI and Chest Pain-MI, 2 reg-
istries under the American College of Cardiology’s National
Cardiovascular Data Registry (described previously).11,12

The CathPCI Registry is a national voluntary registry of
diagnostic cardiac catheterizations and PCIs. More than
1500 hospitals across the United States participate and are
required to submit data on all PCI procedures. The Chest
Pain-MI Registry includes patients with AMI and is used in

more than 1000 US hospitals. Both registries capture stan-
dardized data elements, including patient demographics,
medical history, laboratory data, procedural details, and
in-hospital outcomes including mortality and major bleed-
ing. Version 4.4 of the CathPCI Registry includes details of
angiographic findings and can identify whether a patient
received an IABP or any other MCS device. Version 2.4.2 of
the Chest Pain-MI data collection form (released in the third
quarter of 2015) includes the type of MCS device. All data
submissions must meet prespecified quality standards. The
registries include automatic system validation, education
and training of staff, reporting of completeness, and ran-
dom on-site auditing.13 The human investigation committee
of the Yale University School of Medicine approved the use
of a limited data set from the registry for research without
requiring informed consent.

Study Population
All patients who underwent PCI for AMI complicated by car-
diogenic shock between October 1, 2015, and December 31,
2017, were identified. Patients with cardiogenic shock were
identified as those in the Chest Pain-MI Registry who had
cardiogenic shock at first medical contact, as an in-hospital
event, or those defined in the CathPCI Registry who had car-
diogenic shock within 24 hours prior to and up to PCI, at the
start of PCI, or as an intra- or postprocedure event. Cardio-
genic shock is defined in both registries as 1, 2, or all 3 of the
following: systolic blood pressure lower than 90 mm Hg,
a cardiac index of less than 2.2 L/minute/m2 for at least 30
minutes that is secondary to ventricular dysfunction, or
requirement for parenteral inotropic or vasopressor or MCS
devices to support blood pressure and cardiac index.14 For
patients who underwent multiple PCIs during the hospital-
ization, only data from the initial PCI were included.

Registry Linkage
A probabilistic linkage15 of patients across the 2 registries was
performed to include detailed procedural data from the
CathPCI Registry and the specific MCS device type from

Key Points
Question Is there a difference in clinical outcomes among
patients with acute myocardial infarction (AMI) complicated
by cardiogenic shock treated with intravascular microaxial
left ventricular assist device (LVAD) vs intra-aortic
balloon pump (IABP)?

Findings In this registry-based retrospective cohort study that
included 3360 propensity-matched patients undergoing
percutaneous coronary intervention for AMI, treatment with
intravascular microaxial LVAD vs IABP was associated with a
significantly higher risk of in-hospital death (45.0% vs 34.1%) and
in-hospital major bleeding (31.3% vs 16.0%).

Meaning The use of intravascular microaxial LVAD compared with
IABP may be associated with worse in-hospital clinical outcomes
among patients with AMI and cardiogenic shock undergoing
percutaneous coronary intervention, although study
interpretation is limited by the observational design.
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the Chest Pain-MI Registry. Multiple iterations of matching
were then performed, with each subsequent match omitting
variables that had been previously included. The matching
variables were patient sex, date of admission, time of arrival
to facility, age at hospital arrival, a unique hospital identifier,
discharge date, and whether PCI was performed as docu-
mented in the Chest Pain-MI Registry. This match algorithm
identified patients with entries in both registries at the same
hospital. To identify patients with AMI complicated by car-
diogenic shock who were transferred to another hospital for
PCI or who had minor missing data elements that may have
affected the match, up to 4 variables were allowed to be mis-
matched, but these variables always included sex and at least
1 date variable to ensure temporal factors limited matches for
similar patients at different hospital encounters. The result-
ing linked CathPCI-Chest Pain-MI registry cohort formed our
analytic cohort.

Hemodynamic Support
Patients were categorized based on hemodynamic support:
IABP only, intravascular microaxial LVAD only, and other (such
as use of a percutaneous extracorporeal ventricular assist sys-
tem, extracorporeal membrane oxygenation, LVAD, or pa-
tients receiving multiple devices during the hospitalization).
Patients coded as not receiving any MCS device constituted the
medical therapy group.

Outcomes
The primary outcomes were all-cause in-hospital death and
in-hospital major bleeding. Death was captured in the Chest
Pain-MI Registry. Major bleeding was defined using the
Chest Pain-MI Registry as a decline in hemoglobin level of at
least 3 g/dL; transfusion of whole blood or packed red blood
cells; procedural intervention/surgery at bleeding site to treat
the bleeding; or documented or suspected retroperitoneal
bleed, gastrointestinal bleed, genitourinary bleed, or a bleed
in a location not specified elsewhere.16

Covariates
Covariates were obtained from the CathPCI and Chest
Pain-MI registries and included patient demographics, medi-
cal history, clinical presentation, laboratory values, adminis-
tered medications, procedural characteristics, and coronary
anatomic data. For continuous values with missing values,
the mean was imputed. For binary (yes/no) variables, all
missing variables were coded as no, and for categorical vari-
ables, all missing variables were coded as no or other (if there
was not a no category).

Race and ethnicity were included in this study because
our goal was to use all available patient information when
risk-standardizing through propensity matching. This deter-
mination was made by the patient or family member and
then entered into the CathPCI Registry. This determination
was based on fixed categories, although multiple response
options were possible. For race, the categories were white,
black/African American, American Indian/Alaskan Native,
Asian, and Native Hawaiian/Pacific Islander. For ethnicity,
the categories were Hispanic/Latino or not.

Statistical Analysis
First, overall use of hemodynamic support among all pa-
tients was characterized. Characteristics of patients receiv-
ing intravascular microaxial LVAD vs those receiving IABP
were compared using χ2 tests for categorical variables and
1-way analysis of variance or Kruskal-Wallis tests for continu-
ous variables.

Clinical outcomes of mortality and major bleeding
among patients undergoing PCI for AMI complicated by car-
diogenic shock were characterized using propensity-
matched analyses to compare patients who received either
intravascular microaxial LVAD or IABP only. Seventy-five
variables were preselected for matching using previously
described methods.17 Among patients who received either
an intravascular microaxial LVAD or IABP, a probabilistic
model was developed that calculated the log-odds probabil-
ity of receiving an intravascular microaxial LVAD. To develop
the log-odds probability and to handle higher-dimensional,
nonlinear relationships between covariates, a gradient descent–
boosted decision tree algorithm was used to develop the pro-
pensity model (called extreme gradient boosting).18 The hyper-
parameters of learning rate were set to 0.1, as is common in
slow-learning algorithms, and the number of trees and
maximum depth of each tree was selected optimally in a 5-fold
cross-validation analysis (depth range, 1-10; number of trees
range, 50-1000 in increments of 10). The final model used a
depth of 3 for each decision tree and 100 decision trees, which
optimally maximized the C statistic for discriminating be-
tween intravascular microaxial LVAD and IABP (eTables 1 and
2 in the Supplement).

For each patient who received an intravascular micro-
axial LVAD, we found all IABP patients with a similar propen-
sity for intravascular microaxial LVAD usage (within 0.6 stan-
dard deviations, a value that eliminates approximately 90%
of the bias in observed confounders)19 and randomly se-
lected 1 IABP patient for paired matching. This pair was then
removed from the cohort, and the process was repeated until
all patients were either matched or could not be matched due
to probability differences.

The standardized mean difference of each covariate was cal-
culated in the propensity-matched cohort. Next, outcomes in
the cohort were examined and the absolute risk difference (ARD)
and associated 95% CIs were calculated. To verify results, a sec-
ond independent statistician blinded to the results of the ini-
tial analysis confirmed results from the gradient descent–
boosted decision tree algorithm using standard logistic
regression to propensity match patients using 75 variables.

For sensitivity, analyses were repeated stratified by tim-
ing of MCS device placement (either before or after initiation
of PCI, when these data were available) in patients from hos-
pitals that had placed at least 1 intravascular microaxial LVAD
and IABP, therefore demonstrating capability to use both de-
vices, and in patients who were not transferred to a facility.

As a secondary analysis, a comparison of patients receiv-
ing IABP vs medical therapy only was made (using the meth-
ods previously described) to determine whether outcomes
using propensity matching were similar to those observed from
the IABP-SHOCK II trial.20
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As an additional step to address potential unmeasured
confounding, an instrumental variable analysis was con-
ducted using hospital-level propensity to use intravascular
microaxial LVAD during our study period as the instrumental
variable. A 2-stage ordinary least-squares regression analysis
was conducted. In the first stage, the predicted probability of
receiving intravascular microaxial LVAD at the facility-level
was calculated after adjustment for covariates included
in our propensity-score matching. The F statistic was calcu-
lated to determine the strength of the instrumental variable
(a value >10 suggested proceeding to the second stage). In
the second stage, the predicted probability of receiving intra-
vascular microaxial LVAD (determined during the first stage)
was used as the primary predictor, again adjusting for the
same covariates, to examine differences in in-hospital clinical
outcomes. The instrumental variable analysis was conducted
in 2 populations: in the entire cohort of patients with AMI
complicated by cardiogenic shock and in the patients
who received intravascular microaxial LVAD only or IABP
only. Analyses were conducted in R, with packages XGBoost
for gradient descent boosting18 and pROC for C statistic
calculations.21 The primary analyses examining outcomes of
intravascular microaxial LVAD vs IABP were repeated using
SAS version 9.4. All statistical analyses were 2-sided (α=.05
for statistical significance).

Results
Study Cohort
Of the 269 303 patients with AMI receiving PCI between Oc-
tober 1, 2015, and December 31, 2017, and matched across the
Chest Pain-MI and CathPCI registries, 28 304 (10.5%) were clas-
sified as having cardiogenic shock. The mean (SD) age was 65.0
(12.6) years (Table). Approximately two-thirds of patients were
men and 86% were white. Approximately 25% had been trans-
ferred from another acute care hospital, 81% presented with
acute ST-segment elevation myocardial infarction, 38.9% had
anterior infarct location, and 43.3% had cardiac arrest either
at first medical contact or during hospitalization. Among those
with cardiogenic shock at first medical contact, the mean (SD)
systolic blood pressure was 94.9 (51.4) mm Hg.

Mechanical Circulatory Support Device Utilization
In this cohort of 28 304 patients with AMI complicated by car-
diogenic shock undergoing PCI, 1768 (6.2%) received only an
intravascular microaxial LVAD, 8471 (29.9%) received only
an IABP, 1838 (6.5%) received other MCS devices or multiple
devices, and 16 227 (57.3%) received medical therapy alone and
were not treated with MCS (Figure 1). Patients receiving intra-
vascular microaxial LVAD were significantly younger than pa-
tients receiving IABP (Table; eTable 3 in the Supplement).
Patients with intravascular microaxial LVAD were signifi-
cantly less likely to have acute ST-segment elevation myocar-
dial infarction (78.2%) vs patients with IABP (84.4%; P < .001)
but significantly more likely to be transferred into a Chest Pain-
MI–reporting facility (patients with intravascular microaxial
LVAD [27.3%] vs patients with IABP [23.8%]; P = .02). There

was no significant difference in the percentage of patients who
experienced cardiac arrest at first medical contact (intravas-
cular microaxial LVAD [25.4%] vs IABP [24.3%]; P = .35).

Outcomes of Intravascular Microaxial LVAD vs IABP
Unadjusted outcomes are provided in eTable 4 in the Supple-
ment. The 1:1 propensity matching algorithm using data from
all patients with AMI complicated by cardiogenic shock un-
dergoing PCI yielded 1680 matched pairs, accounting for 95.0%
(1680 of 1768) of patients who received an intravascular mi-
croaxial LVAD. Standardized mean differences for 74 of 75
(99%) characteristics of the propensity-matched cohorts were
below 0.10 (Table).

In the propensity-matched cohort, use of intravascular
microaxial LVAD was associated with a significantly higher
risk of in-hospital death (45.0%) when compared with use
of IABP (34.1%; ARD, 10.9 percentage points [95% CI, 7.6-
14.2]; P < .001; Figure 2). These statistically significant dif-
ferences were consistent, regardless of the timing of device
placement, among patients with intravascular microaxial
LVAD placement before initiation of PCI (45.5%) compared
with patients receiving IABP before initiation of PCI (36.8%;
ARD, 8.7 percentage points [95% CI, 3.1-14.4]; P = .003), and
among those with intravascular microaxial LVAD placement
after initiation of PCI (44.0%) compared with IABP after ini-
tiation of PCI (32.2%; ARD, 11.8 percentage points [95% CI,
6.6-17.0]; P < .001).

Use of an intravascular microaxial LVAD was also associ-
ated with a significantly higher risk of in-hospital major
bleeding (31.3%) compared with use of IABP (16.0%; ARD,
15.4 percentage points [95% CI, 12.5-18.2]; P < .001; Figure 2);
both access site and nonaccess site bleeding were signifi-
cantly higher with intravascular microaxial LVAD (eTable 5 in
the Supplement).

A secondary 1:1 propensity-matching algorithm using
data from the 390 hospitals that used both intravascular
microaxial LVAD and IABP included 1570 matched pairs and
found consistent results (eTables 6 and 7 and eFigure 1 in
the Supplement). Results were also consistent in an addi-
tional 1:1 propensity-matching algorithm among 1201
matched pairs that excluded patients transferred into a
treating facility (eTables 8 and 9 and eFigures 2 and 3 in the
Supplement). Results were also consistent in an instrumen-
tal variable analysis among all patients with AMI compli-
cated by cardiogenic shock and when limited to patients
with AMI complicated by cardiogenic shock receiving intra-
vascular microaxial LVAD or IABP only (eTables 10, 11, and
12 in the Supplement).

Outcomes of IABP vs Medical Therapy Alone
The 1:1 propensity-matching algorithm using data from all pa-
tients with AMI complicated by cardiogenic shock undergo-
ing PCI yielded 7805 matched pairs. Standardized differ-
ences for the characteristics of both propensity-matched
cohorts were all below 10% (eTable 13 in the Supplement).

In the propensity-matched cohort, IABP use was not as-
sociated with lower in-hospital mortality when compared
with medical therapy alone; there was a small but statistically
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significantly higher risk (IABP, 28.6% vs 26.5% for medical
therapy alone; ARD, 2.2 percentage points [95% CI, 0.8-3.6];
P = .002). In-hospital major bleeding was significantly
higher among patients receiving IABP (14.5% vs 11.0%; ARD,
3.5 percentage points [95% CI, 2.5-4.5]; P < .001) (eTable 14
and eFigure 4 in the Supplement).

Discussion
Among patients with AMI complicated by cardiogenic shock,
use of intravascular microaxial LVAD was associated with sig-

nificantly higher risks of patients experiencing in-hospital mor-
tality and major bleeding compared with use of IABP. These
findings were consistent for patients regardless of the timing
of device placement and transfer status.

The significantly higher risk of in-hospital mortality con-
trasts with prior RCTs, which failed to show a mortality ben-
efit of intravascular microaxial LVAD but did not show overall
harm. There are a number of potential explanations for the
findings of this study relative to the previous clinical trials.
First, by using national registry data, this study was larger
than prior RCTs,5,7 which cumulatively enrolled only 74 total
patients. Second, this study examined clinical experience,

Figure 2. In-Hospital Outcomes Among Propensity-Matched Patients With Acute Myocardial Infarction Complicated by Cardiogenic Shock
Undergoing Percutaneous Coronary Intervention With Intravascular Microaxial Left Ventricular Assist Device vs Intra-aortic Balloon Pump

–10 5 20 250 1510
Absolute Risk Difference (95% CI), %

–5–15

Favors
Intravascular

Microaxial Left
Ventricular

Assist Device

Favors
Intra-aortic
Balloon Pump

Intravascular Microaxial Left
Ventricular Assist Device
No. of
Patients Patients, % P Value

Intra-aortic Balloon Pump
No. of
Patients Patients, %

Overall (n = 1680 matched pairs)

Absolute Risk
Difference
(95% CI), %

756 45.0 573 34.1 <.001Mortality 10.9 (7.6-14.2)
526 31.3 268 16.0 <.001Major bleeding 15.4 (12.5-18.2)

Device placement before initiation of percutaneous coronary intervention  (n = 573 matched pairs)
261 45.5 211 36.8 .003Mortality 8.7 (3.1-14.4)
157 27.4 95 16.6 <.001Major bleeding 10.8 (6.1-15.6)

Device placement after initiation of percutaneous coronary intervention (n = 662 matched pairs)
291 44.0 213 32.2 <.001Mortality 11.8 (6.6-17.0)
228 34.4 104 15.7 <.001Major bleeding 18.7 (14.2-23.3)

Figure 1. Patient Population With Acute Myocardial Infarction Complicated by Cardiogenic Shock Undergoing Percutaneous Coronary Intervention

269 303 With acute myocardial infarction complicated by
cardiogenic shock and undergoing percutaneous
coronary intervention reviewed for inclusionb

1 600 032 Patients from the CathPCI
registry reviewed for eligibilitya

455 212 Patients from the Chest Pain-MI
registry reviewed for eligibilitya

28 304 With acute myocardial infarction complicated by
cardiogenic shock and undergoing percutaneous
coronary intervention included in analysis

3360 Patients included in the primary
analysis (1680 propensity-
matched pairs comparing
intravascular microaxial left
ventricular assist device vs
intra-aortic balloon pump)

15 610 Patients included in the
secondary analysis
(7805 propensity-matched pairs
comparing intra-aortic balloon
pump vs medical therapy)

1768 Received intravascular
microaxial left ventricular
assist device only (6.2%)

16 227 Received medical therapy
only (57.3%)

8471 Received intra-aortic
balloon pump only (29.9%)

1838 Received other mechanical
circulatory support devices
or multiple devices (6.5%)

a CathPCI and Chest Pain-MI are registries under the American College of
Cardiology’s National Cardiovascular Data Registry. PCI indicates percutaneous
coronary intervention; MI, myocardial infarction.

b Patient data were accessed from linked registries.
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rather than device performance among highly selected
patients treated by experienced physicians and hospitals in
RCTs.5,7 The recent experience with Impella RP is instructive:
the FDA’s May 2019 advisory warning22 suggests experience
with devices as they are used in everyday clinical practice
must be closely monitored. While a recent matched pair
analysis of 237 patients from the IABP-SHOCK II trial and 237
patients receiving intravascular microaxial LVAD in a multi-
national registry found a point estimate of 2.1% higher mor-
tality among patients receiving intravascular microaxial
LVAD compared with IABP that was not statistically signifi-
cant, that analysis did demonstrate higher risk of severe or
life-threatening bleeding in patients receiving intravascular
microaxial LVAD.8 The results showing higher risk of severe
or life-threatening bleeding are consistent with the current
analysis, which shows higher risk of severe in-hospital major
bleeding among patients treated with intravascular micro-
axial LVAD. These results are also consistent with a large
observational study of patients undergoing PCI with MCS,
which found that use of intrasvascular microaxial LVAD was
associated with higher risk of in-hospital adverse events,
including death and major bleeding.23 Additionally, mortality
risk when comparing patients receiving IABP vs medical
therapy only were consistent with those observed in the
IABP-SHOCK II trial,20 the largest RCT of IABP in cardiogenic
shock, and support the robustness of this analytic approach.
A potential explanation for the increase in mortality may
be the increased bleeding with intravascular microaxial
LVAD as compared with IABP, which is consistent with prior
studies.7,24,25 Bleeding and transfusions are associated with
adverse outcomes, including mortality, among patients with
AMI26,27 and receiving PCI.28

Taken together, these results highlight the need for addi-
tional data to guide the optimal management of AMI compli-
cated by cardiogenic shock in general and the role of MCS
devices, in particular. Specifically, robust RCTs and comple-
mentary analyses of clinical populations are necessary. The
former, including the ongoing DanGer trial of intravascular
microaxial LVAD vs medical therapy in AMI complicated by
cardiogenic shock,29 may provide definitive data on efficacy
and safety, while the latter may provide important informa-
tion about device performance in unselected settings and
possible off-label indications.

A 2017 American Heart Association scientific statement
noted little evidence to guide the timing or selection of pa-
tients with cardiogenic shock who are suitable for MCS
devices.30 Furthermore, given that cardiogenic shock is a com-
plex, heterogenous syndrome requiring complex team-based
clinical care infrastructure and highly specialized clinicians,
a recently released classification scheme31 may improve the
phenotyping of patients with shock to better align therapeu-
tic interventions with the cause and degree of hemodynamic
derangement. In this context, this analysis of outcomes among
patients receiving MCS devices may inform these efforts.

Limitations
This study has several limitations. First, the presence of
cardiogenic shock was based on site documentation. More

detailed hemodynamic and clinical data, including the use
of vasopressor therapy at the time of MCS device placement,
would have enabled a more granular patient profile but are
not captured in either the Chest Pain-MI or CathPCI case
report forms. However, the registry definition for shock is
consistent with many clinical trials, and sites are subject to
random audit.13 Moreover, the event rate among patients
included in the propensity-matched analyses suggests these
patients had cardiogenic shock.

Second, registry data provide clinical information, such
as hemodynamics and laboratory values, at a single time
point; cardiogenic shock is an evolving process, and the spe-
cific information at the time of decision to use a particular
MCS device was not available. Therefore, the possibility can-
not be excluded that comparable patient clinical status at
presentation might have changed during subsequent hospital
course prior to initiation of therapy and have affected the
observed outcome differences between intravascular micro-
axial LVAD and IABP.

Third, there may be residual confounding whereby
patients receiving intravascular microaxial LVADs had
greater severity of illness than those receiving IABPs. While
this study employed a propensity match using detailed
demographics, clinical history and presentation, infarct
location, coronary anatomy, and clinical laboratory data
from a large, national registry, other clinical parameters that
may affect or be associated with MCS device selection, such
as right heart catheterization measurements, lactate levels,
or success of reperfusion were not available. However,
approximately 95% of all patients receiving intravascular
microaxial LVADs were matched, suggesting that these
results may represent the experience of the majority of
patients receiving intravascular microaxial LVAD for AMI
complicated by cardiogenic shock.

Fourth, different types of intravascular microaxial LVADs,
specifically the Impella 2.5, CP, 5.0, and RP, could not be dis-
tinguished. While there are differences in the degree of he-
modynamic support provided by these devices, the Impella 5.0
device requires specialized vascular access and is unlikely to
be the initial support device used in a patient with AMI com-
plicated by cardiogenic shock. Impella RP was approved in Sep-
tember 2017 and was only available for approximately 3 months
of the study period. To further mitigate these concerns, this
analysis was limited to patients who received only the intra-
vascular microaxial LVAD or IABP such that patients who had
an escalation in their support with device replacement were
excluded.

Conclusions
Among patients undergoing PCI for AMI complicated by car-
diogenic shock from 2015 to 2017, use of intravascular micro-
axial LVAD compared with IABP was associated with higher
adjusted risk of in-hospital death and major bleeding compli-
cations, although study interpretation is limited by the obser-
vational design. Further research may be needed to under-
stand optimal device choice for these patients.
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