
Journal of the Society for Cardiovascular Angiography & Interventions 2 (2023) 101185
Original Research
Early Clinical Outcomes of Patients With Stress-Induced Cardiomyopathy
Receiving Acute Mechanical Support in the US

Sun-Joo Jang, MD, PhD a, Fabricio Malaguez Webber, MDb, Md Mashiul Alam, MDb,
Ju Young Bae, MD c, Abhinav Aggarwal, MDb, Alexander Thomas, MDb,
Stuart W. Zarich, MD c, Tariq Ahmad, MD, MPH a, P. Elliott Miller, MD, MHS a,
Carlos D. Davila, MD a,*

a Section of Cardiovascular Medicine, Department of Medicine, Yale University School of Medicine, New Haven, Connecticut; b Department of Medicine,
Yale New Haven Health, Bridgeport Hospital, Bridgeport, Connecticut; c Division of Cardiology, Department of Medicine, Yale New Haven Health,
Bridgeport Hospital, Bridgeport, Connecticut
A B S T R A C T

Background: The role of acute mechanical circulatory support (aMCS) in patients with stress-induced cardiomyopathy (SIC) complicated by cardiogenic
shock (CS) is not well studied. Here, we describe the incidence and outcomes of aMCS use in SIC-CS using a large national database.

Methods: Using the Nationwide Readmissions Database from January 2016 to November 2019, we identified patients hospitalized with SIC who received
isolated intra-aortic balloon pump (IABP), microaxial flow pump (Impella, Abiomed), or extracorporeal membrane oxygenation (ECMO) during the index
hospitalization.

Results: A total of 902 among 94,709 hospitalizations for SIC (1.0%) required aMCS during the index hospitalization: 611 had IABP (67.7%), 189 had Impella
(21.0%) and 102 had ECMO (11.3%). Patients with ECMO or Impella had higher in-hospital mortality rates than those with IABP (37.3% vs 29.1% vs 18.5%,
respectively). There was an increased adjusted risk of in-hospital death with Impella (adjusted odds ratio [aOR], 1.98; 95% CI, 1.12-3.49) and ECMO (aOR,
4.15; 95% CI, 1.85-9.32) vs IABP. Impella was associated with an increased adjusted risk of 30-day readmission compared to IABP (aOR, 2.53; 95% CI, 1.16-
5.51). Patients with ECMO or Impella had a higher incidence of renal replacement therapy and vascular/bleeding complications compared to those who
received IABP.

Conclusions: In this nationwide analysis using an administrative database, patients who received ECMO and Impella showed higher rates of in-hospital
mortality, renal replacement therapy, and vascular/bleeding complications compared to those who received IABP. Patients with more comorbidities may
receive more aggressive hemodynamic support which may account for observed mortality differences. Future prospective studies with objective and uni-
versal characterization of baseline clinical and hemodynamic characteristics of patients with CS secondary to SIC are needed.
Introduction

The incidence of stress-induced cardiomyopathy (SIC) or takotsubo
cardiomyopathy has increased over time.1 SIC has a relatively good
prognosis when compared to other etiologies of cardiogenic shock
(CS). Nevertheless, CS has been reported in 10% to 15% of SIC cases
with overall in-hospital mortality ranging between 4% to 5%.2-5 SIC
patients with CS showed a higher in-hospital mortality rate than those
without CS (23.5% vs 2.3%).4 Managing patients with CS secondary to
SIC is a therapeutic dilemma. Sympathetic stimulation and marked
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elevation of catecholamines play a central role in this particular entity, as
well as dynamic left ventricular tract obstruction resulting from hyper-
active basal contractions and neurohormonal surge.6,7 Theoretically,
the use of certain inotropes in such cases could further deteriorate LVOT
obstruction.8 The use of acute mechanical circulatory support devices
(aMCS) has significantly increased over the last 2 decades without clear
evidence supporting better clinical outcomes in SIC-CS.9 In the Inter-
national Takotsubo Registry, in-hospital mortality of SIC-CS patients
who used aMCS was lower than those who did not use in a small study
which included mostly intra-aortic balloon pump (IABP) as an aMCS
tion; CS, cardiogenic shock; ECMO, extracorporeal membrane oxygenation; IABP, intra-
tabase; RRT, renal replacement therapy; SIC, stress-induced cardiomyopathy.
; stress-induced cardiomyopathy.
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Figure 1.
Flow diagram of study population.
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(12.8% vs 28.3%).4 In the German-Italian-Spanish (GEIST) registry, the
use of IABP was not associated with lower mortality rates in patients
with SIC-CS.10 Possible explanations for the inconsistent benefit of
aMCS is the lack of standardized, etiology-specific risk stratification of
patients presenting with CS, including those with SIC-CS. Here, we
sought to describe the reported incidence, use of aMCS devices, and
outcomes in patients with SIC-CS from a national administrative
database.
Methods

Data source

We examined the Nationwide Readmissions Database (NRD)
from 2016 to 2019 from the Agency for Healthcare Research and
Quality (AHRQ), which administers the Healthcare Cost and Utiliza-
tion Project (HCUP).11 The NRD is a large administrative database
including hospital discharge and readmission data from the HCUP
State Inpatient Databases. Each patient record contains deidentified
information on diagnoses and procedures performed during index
hospitalization. Diagnoses and procedures are identified using
validated International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) codes as described in summary
statistics of NRD. This study was exempt from the Institutional Re-
view Board as the NRD is a publicly available database with dei-
dentified patient information.
Study design and population

Hospitalizations for SIC in patients aged >18 years who under-
went utilization of aMCS during index hospitalization from January
2016 to November 2019 were extracted using ICD-10-CM codes for
SIC (ICD-10-CM code I51.81) (total unweighted N ¼ 81,237;
weighted N ¼ 148,365) (Figure 1). Patients who were discharged in
December were not included to allow the completeness of data on
30-day follow-up after discharge. Patients who received IABP (ICD-
10-PCS code: 5A02110, 5A02210), micro axial flow pump (Impella,
Abiomed) (ICD-10-PCS code: 5A0221D, 5A0211D), or extracorpo-
real membrane oxygenation (ECMO) (ICD-10-PCS code: 5A1522F,
5A1522G, 5A15A2F, 5A15A2G, 5A15223) were included. Patients
who had acute coronary syndrome, percutaneous coronary inter-
vention, and the use of multiple aMCS devices during the index
hospitalization were excluded.
Study outcomes

The primary outcomes were in-hospital mortality and 30-day un-
planned readmission rates. The secondary outcomes were the rate of
renal replacement therapy (RRT), vascular complications, post-
procedural bleeding, 30-day readmission-related mortality, and 30-day
readmissions for heart failure.
Statistical analyses

All statistical analyses were performed using R statistical soft-
ware, version 4.2.3,12 with its package “survey” mainly used.
Discharge weight and stratum provided by NRD were used for all
analyses. All the reported numbers are weighted national esti-
mates. All analyses accounted for NRD sampling design by
including hospital-year fixed effects based on hospital identification
number. We compared baseline patient- and hospital-level char-
acteristics for patients with SIC who received an IABP, Impella, or
ECMO. Categorical variables are presented as frequencies and
analyzed by the Rao–Scott chi-square test. Continuous variables are
shown as mean with SE or median with IQR and analyzed by
survey-specific ANOVA test. Survey-specific univariate and



Table 1. Patient and hospital characteristics.

Characteristics Overall IABP Impella ECMO P value

Number of patients 902 611 (67.7) 189 (21.0) 102 (11.3)
Patient characteristics
Age, ya 61.1 (0.7) 62.9 (0.9) 62.5 (1.4) 47.6 (2.1) <.001b

Age group <.001c

<50 180 (20.0) 97 (15.9) 29 (15.4) 54 (52.9)
50-59 172 (19.1) 119 (19.5) 41 (21.8) 12 (11.8)
60-69 258 (28.7) 172 (28.2) 56 (29.8) 30 (29.4)
70-79 212 (23.6) 162 (26.6) 44 (23.4) 6 (5.9)
�80 78 (8.7) 60 (9.8) 18 (9.6) 0 (0)

Sex .015
Male 213 (23.6) 133 (21.8) 39 (20.6) 41 (40.2)
Female 689 (76.4) 478 (78.2) 150 (79.4) 61 (59.8)

Smoking 220 (24.4) 152 (24.9) 49 (25.9) 19 (18.6) .613
Hypertension 292 (32.4) 207 (33.9) 52 (27.5) 33 (32.4) .526
Diabetes mellitus 210 (23.3) 151 (24.7) 41 (21.7) 18 (17.6) .533
Dyslipidemia 300 (33.3) 220 (36.0) 64 (33.9) 16 (15.7) .020
Family history of coronary artery disease 54 (6.0) 43 (7.0) 9 (4.8) 2 (2.0) .276
Coronary artery disease 257 (28.5) 202 (33.1) 48 (25.4) 7 (6.9) .153
Peripheral vascular disease 87 (9.7) 56 (9.2) 23 (12.2) 8 (7.9) .617
History of congestive heart failure 105 (11.7) 61 (10.0) 36 (19.0) 8 (7.9) .028
Previous stroke 62 (6.9) 49 (8.0) 12 (5.3) 1 (1.0) .228
Chronic pulmonary disease 221 (24.5) 175 (28.6) 35 (18.6) 11 (10.8) 0.004
Pulmonary hypertension 90 (10.0) 58 (9.5) 19 (10.1) 13 (12.7) .823
Chronic kidney disease 135 (15.0) 93 (15.2) 32 (17.0) 10 (9.9) .546
Liver disease 83 (9.2) 54 (8.8) 14 (7.4) 15 (14.7) .349
Anemia 240 (26.6) 164 (26.8) 49 (25.9) 27 (26.5) .980
Atrial fibrillation 255 (28.3) 151 (24.7) 70 (37.2) 34 (33.3) .047
Valvular heart disease 156 (17.3) 117 (19.1) 32 (17.0) 7 (6.9) .111
Aortic valve disease 33 (3.7) 28 (4.6) 4 (2.1) 1 (1.0) .244
Mitral valve disease 108 (12.0) 84 (13.8) 22 (11.6) 2 (2.0) .022
Tricuspid valve disease 34 (3.8) 23 (3.8) 7 (3.7) 4 (4.0) .992
Pulmonary valve disease 3 (0.3) 3 (0.5) 0 (0) 0 (0) .737
Coagulopathy 283 (31.4) 151 (24.7) 69 (36.5) 63 (62.4) <.001
Autoimmune disease 38 (4.2) 35 (5.7) 3 (1.6) 0 (0) .047
Alcohol use disorder 50 (5.5) 34 (5.6) 9 (4.8) 7 (6.9) .877
Drug abuse 54 (6.0) 39 (6.4) 7 (3.7) 8 (7.9) .458
Obesity 138 (15.3) 95 (15.5) 31 (16.4) 12 (11.8) .741
Hypothyroidism 143 (15.9) 97 (15.9) 33 (17.6) 13 (12.7) .729
Seizure disorder 79 (8.8) 55 (9.0) 17 (9.0) 7 (6.9) .900
Cerebrovascular disease 76 (8.4) 48 (7.9) 21 (11.1) 7 (6.9) .501
Depression 151 (16.7) 110 (18.0) 28 (14.8) 13 (12.7) .541
Cancer 62 (6.9) 52 (8.5) 7 (3.7) 3 (3.0) .095
Median household income .047

First quartile 197 (21.8) 157 (25.7) 29 (15.3) 11 (10.8)
Second quartile 249 (27.6) 156 (25.5) 61 (32.3) 32 (31.4)
Third quartile 267 (29.6) 187 (30.6) 48 (25.4) 32 (31.4)
Fourth quartile 190 (21.0) 112 (18.3) 51 (27.0) 27 (26.5)

Primary payer .003
Medicare 467 (51.8) 339 (55.6) 104 (54.7) 24 (24.5)
Medicaid 107 (11.9) 62 (10.2) 25 (13.2) 20 (19.6)
Private including HMO 267 (29.6) 167 (27.4) 50 (26.3) 50 (49.0)
Self-pay/no charge/other 61 (6.8) 42 (6.9) 11 (5.8) 8 (7.8)

Weekend admission 274 (30.4) 202 (33.1) 43 (22.8) 29 (28.7) .174
Cardiac arrest 76 (8.4) 49 (8.0) 12 (6.3) 15 (14.9) .166
Length of hospital stay, dd 8 (4-15) 8 (5-13) 8 (3-16) 18 (10-39) <.001
Right heart catheterization 353 (39.1) 236 (38.6) 108 (57.1) 9 (8.8) <.001
Hospital characteristics

Hospital teaching status .059
Teaching 728 (81.0) 481 (78.9) 153 (81.4) 94 (93.1)
Nonteaching 171 (19.0) 129 (21.1) 35 (18.6) 7 (6.9)

Hospital location .024
Rural 378 (42.0) 271 (44.4) 83 (43.9) 24 (23.8)
Urban 522 (58.0) 339 (55.6) 106 (56.1) 77 (76.2)

Hospital bed size .108
Small 60 (6.7) 50 (8.2) 10 (5.3) 0 (0)
Medium 183 (20.3) 129 (21.1) 41 (21.7) 13 (12.7)
Large 659 (73.1) 432 (70.7) 138 (73.0) 89 (87.3)

Disposition .008
Home 300 (33.3) 225 (36.8) 53 (28.0) 22 (21.6)
Facilitye 388 (43.0) 268 (43.9) 80 (42.3) 40 (39.2)
AMA/unknown 214 (23.7) 118 (19.3) 56 (29.6) 40 (39.2)

Values are presented as n (%) unless otherwise indicated.
AMA, against medical advice; ECMO, extracorporeal membrane oxygenation; HMO, health maintenance organization; IABP, intra-aortic balloon pump.

a Values are mean (standard error). b Survey-specific linear regression was performed. c Rao–Scott χ2 test was used for all statistical tests unless stated otherwise.
d Values are median (IQR). e Facility includes skilled nursing facility, intermediate care facility, and inpatient rehabilitation facility.
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Figure 2.
Temporal trend for the number and percentage of patients per year who underwent intra-aortic balloon pump (IABP), microaxial flow pump (Impella), or extracorporeal
membrane oxygenation (ECMO) for stress-induced cardiomyopathy. (A) The absolute number of patients per year for each device. (B) The percentage of patients per year for each
device. The number and percentage of patients who underwent Impella increased from 2016 to 2019 (P for trend <.001) while the percentage of patients who underwent IABP
decreased (P for trend <.001).
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multivariable generalized linear models were used for the evalua-
tion of the predictive value of the interventions for primary and
secondary outcomes. Variables with P < .1 were included as initial
covariates and final parsimonious models were created by back-
ward removal, based on Akaike information criterion, while
ensuring each removal did not result in >10% change in the
measure of association for the primary predictor variable. Adjusted
risks are shown in adjusted odds ratio (aOR), together with 95%
confidence interval (CI) and P value. All tests were 2-sided with P
value <.05 considered as statistically significant. The data that
support the findings of this study are available from the corre-
sponding author upon reasonable request.
Results

Between 2016 and 2019, a total of 902 hospitalizations for SIC with
the use of aMCS were identified and included in the final analysis: 611
patients (67.7%) received an IABP, 189 patients (21.0%) Impella and 102
(11.3%) ECMO. The mean age was 61.1 years (SE 0.7 years) and 76.4%
were women (Table 1). Patients with ECMO were younger and were
Figure 3.
In-hospital and 30-day outcomes of patients who underwent intra-aortic balloon pump
(ECMO) for stress-induced cardiomyopathy. Overall statistical significances from the Rao–S
are provided inside the figure with Bonferroni adjustment: NS, nonspecific; * Adjusted P < .
more likely to be male than those with IABP or Impella. From 2016 to
2019, there was a temporal increase in the absolute number of Impella
use or percentage among aMCS (P for trend <.001) (Figure 2). There
was a temporal decrease in the percentage of IABP from 2016 to 2019
(P for trend <.001). Right heart catheterization was more frequently
used in patients with Impella compared to those with IABP or ECMO
(57.1% vs 38.6% vs 8.8; P < .001). Hospital length of stay was the
longest in patients receiving ECMO (median, 18 days; IQR, 10-39 days)
compared to those with IABP (median, 8 days; IQR, 5-13 days) or with
Impella (median, 8 days; IQR, 3-16 days; P < .001).

Patients hospitalized with SIC who received ECMO or Impella had a
higher in-hospital mortality rate than those who received IABP (37.3% vs
29.1% vs 18.5% respectively; P ¼ .004) (Figure 3 and Central Illustra-
tion). Thirty-day all-cause unplanned readmission rate was higher in
patients with Impella use than in those with IABP use (20.1% vs 10.2%; P
¼.040; adjusted P < .01). There was no significant difference in 30-day
readmission rates for patients with ECMO (11.1%) compared to those
with IABP or Impella. After multivariable adjustment, the use of ECMO
or Impella was associated with increased adjusted rate of in-hospital
mortality compared to the use of IABP (aOR, 1.98; 95% CI, 1.12-3.49;
P ¼ .019 for patients with Impella and aOR, 4.15; 95% CI, 1.85-9.32;
(IABP), microaxial flow pump (Impella), or extracorporeal membrane oxygenation
cott Chi-square test are provided at the top of the figure. Pairwise multiple comparisons
05; **Adjusted P < .01; ***Adjusted P < .001; ****Adjusted P < .0001.



Central Illustration.
In-hospital and 30-day outcomes of patients with acute mechanical circulatory supports for cardiogenic shock from stress-induced cardiomyopathy. ECMO, extracorporeal membrane
oxygenation; IABP, intra-aortic balloon pump.
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P < .001 for patients with ECMO) (Figure 4, Supplemental Table S1).
Patients with Impella had a greater association with the 30-day read-
mission compared to those with IABP (aOR, 2.53; 95% CI, 1.16-5.51;
P ¼ .020) (Supplemental Table S2). There was no significant interac-
tion between age group, gender, obesity, or use of right heart cathe-
terization for the association of MCS group and in-hospital mortality or
30-day readmission rates.

During the index hospitalization, patients receiving ECMO or
Impella use had higher incidence of RRT compared to those who un-
derwent IABP use (20.8% vs 16.5% vs 7.4%, respectively; P ¼ .006). The
incidence of postprocedural bleeding was the highest in patients with
ECMO use (44.6%) followed by patients with Impella (21.8%) and those
with IABP (9.5%) (P < .001). The rate of vascular complications was
higher in patients with ECMO (7.9%) or in patients with Impella (5.8%)
compared to those with IABP (2.0%) (P ¼ .035). In the 30 days after
Figure 4.
Demographics-adjusted risk of microaxial flow pump (Impella) and extracorporeal
membrane oxygenation (ECMO) compared with intra-aortic balloon pump (IABP)
for in-hospital mortality and 30-day readmission rates in stress-induced cardiomy-
opathy. Adjusted odds ratio (OR) was calculated after demographic risk adjustment only
with age group and cardiac arrest.
discharge, there was no difference in the rates of readmission-related
mortality or readmission for heart failure.
Discussion

In this large contemporary national cohort, we identified short-term
aMCS use in patients with SIC complicated by CS. Here, patients who
received ECMO and microaxial flow pump (Impella) had higher in-
hospital mortality compared to those who received IABP. Moreover,
patients who received ECMO and Impella had higher incidence of RRT
and postprocedural bleeding than those with IABP. Lastly, IABP was
observed to be the most used device in these patients, but the use of
Impella has significantly increased over time.

CS, irrespective of its etiology, is a complex medical syndrome that
begins with cardiac impairment followed by systemic hemo-metabolic
derangements leading to multiorgan failure and ultimately death.
Several different types of aMCS, such as IABP, Impella, or ECMO have
been studied in patients with CS following acute myocardial infarction
(AMI-CS) without clear benefits in hard clinical outcomes.13-15 Further-
more, recent registry data from a large multicenter research consortium
has described in detail the use of aMCS platforms in different cohorts of
patients including heart failure-related cardiogenic shock.16 However,
there is no data on contemporary real-world use of aMCS, and out-
comes specifically in patients with SIC-CS.

Given its complexity, dynamic nature, and increasing number of
device options for patients with CS, universal and objective risk strati-
fication is of paramount importance in order to appropriately support
these patients, help inform clinical trials, shock team algorithms, and
avoid reporting bias. This includes invasive hemodynamics, biomarkers
of end-organ function and perfusion, and others. The Society for Cor-
onary Angiography and Intervention (SCAI) recently proposed a staging
system for CS based on expert consensus using physical, laboratory,
and hemodynamic findings of patients presenting with cardiogenic
shock.17 Stages include 5 levels of severity of shock: (A) at risk for CS, (B)
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beginning CS, (C) classic CS, (D) deteriorating CS, (E) extremis CS.18

Moreover, this staging system was validated in different cohorts
showing a direct association between mortality and increasing SCAI
stage.19 Therefore, universal risk stratification of CS using the SCAI
stage system appears to be valuable in order to approach patients
presenting with CS. Although shock staging is not assessed in this
administrative data, the increased in-hospital mortality in patients with
ECMO and Impella is significantly higher than those with IABP in our
study. Selection bias is likely partially responsible for the results re-
ported in this analysis, where sicker patients received 1 type of device vs
the other. In order to continue to expand the field of CS, it is important
to understand current practice patterns in all cases of CS, including SIC,
and also, to capture variables of shock severity in large national registry
datasets like the NIS, NCDR, and others. Stage-specific use of MCS
devices in CS would allow us to inform future studies including ran-
domized clinical trials looking at outcomes of MCS in CS, including SIC.
We suggest a stepwise approach for the use of MCS in SIC as in Figure 5
based on current available data in both SIC and CS.

Another important observation from these data is the overall in-
crease in the use of right heart catheterization in patients who received
an Impella. Conversely, the almost nonexisting use of right heart cath-
eterization was observed in patients receiving ECMO. Analysis from the
Cardiogenic Shock Working Group has demonstrated the importance
and usefulness of complete hemodynamic assessment and phenotypic
profiling of patients with CS and its translation into better clinical out-
comes despite type of aMCS and severity of shock supporting the need
for a randomized clinical trials looking at the treatment effects of right
heart catheterization in patients with CS requiring aMCS.19-21

Importantly, the reported rate of vascular complications is con-
cerning. It is known that vascular complications are associated with the
increased risk of mortality among AMI patients.22 Vascular complica-
tions are proportional to bore size required to deploy these devices
(particularly ECMO cannulas and Impella sheath).23 Innovation and
future iterations will likely incorporate lower profile sheaths for
Figure 5.
Suggested algorithm for mechanical circulatory support in stress-induced cardiomyopath
LVOT, left ventricular outflow tract; MCS, mechanical circulatory support; SBP, systolic blood
induced cardiomyopathy cardiogenic shock.
vascular access which in conjunction with optimal operator’s training
and technique are bound to reduce the incidence of vascular com-
pletions. It is conceivable that the differences in in-hospital mortality
and 30-day readmission rates reported may in part be driven by the
increased postprocedural bleeding in patients with ECMO and
Impella compared to IABP. This finding needs careful interpretation
with a small number of events in total. It is noteworthy that Impella is
often used in patients who are sicker and require more cardiac output
support. Although baseline characteristics were not significantly
different in many comorbidities and hospital characteristics, there can
be a bias due to missed covariables not available in the administrative
database.

The causes of CS in SIC can be attributed to several factors,
including severe impairment of left ventricular systolic function, the
occurrence of malignant arrhythmias, temporary mitral regurgitation,
LVOT obstruction, and involvement of the right ventricle. Recent
hemodynamic analysis in patients with SIC characterized that SIC is
associated with severely impaired cardiac contractility, shortened
systolic period, inefficient myocardial energetics, and prolonged
active myocardial relaxation but unaltered diastolic passive stiff-
ness.24 Timely identification of complications that may result in
hemodynamic instability is critical to implementing appropriate in-
terventions that target the underlying mechanisms of CS in SIC.
There is a lack of data examining the treatment of CS in patients
with SIC and LVOT obstruction. However, multiple case reports have
shown encouraging outcomes from the use of microaxial trans-
valvular axial flow, especially in cases where LVOT obstruction is
pronounced.25-27 IABP may provide a higher therapeutic benefit in
patients with coexisting mitral regurgitation, which may influence
outcomes in the absence of LVOT obstruction. Lastly, ECMO might
be necessary in cases of complete hemodynamic collapse in SCAI
stage D to E. Studies considering these different phenotypes of SIC
patients are necessary to better understand which patients may
benefit from different strategies. A study using a large cohort of SIC
y cardiogenic shock. CI, cardiac index; ECMO, extracorporeal membrane oxygenation;
pressure; SCAI, Society for Cardiovascular Angiography & Interventions; SIC-CS, stress-
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from the National Inpatient Sample database identified 4 patient
clusters using latent class analysis: C1 with hyperlipidemia, hyper-
tension, and diabetes; C2 with chronic obstructive pulmonary dis-
ease, and smoking; C3 with anxiety and depression; and C4 with
isolated SIC with few comorbidities.28 C1 had the lowest in-hospital
mortality (1%) whereas C2 had the highest in-hospital mortality
(3.4%). Differential outcomes from different phenotypes of SIC
warrant further clinical trials to identify specific patients who would
get benefit from aMCS.
Study limitations

This study has limitations inherent to nonrandomized, observational
cohort studies. First, the data in NRD includes a sample designed to
approximate the national population, which can lead to an underrepre-
sentation or overrepresentation of groups within the sample. However,
the use of NRD to estimate national data has been validated in multiple
publications.29,30 Second, the administrative data can be subject to
coding bias or missing events or variables. Especially, correct diagnosis of
SIC with coding can be challenging. Nevertheless, previous studies using
the administrative data and ICD-10-CM codes have shown the charac-
teristics of SIC successfully.31,32 Third, some important clinical charac-
teristics including blood pressure, heart rate, echocardiographic
parameters, laboratory findings, medications, class of obesity, and the
severity of shock are not available in NRD. This study is intended to
generate hypotheses, and future studies are required to confirm our
findings with more detailed clinical information. Fourth, our 30-day out-
comes do not account for out-of-hospital episodes, which may affect the
accuracy of our calculated outcomes. Lastly, our study also excluded
patients who underwent escalation of devices which can in turn remove
sicker patients in the part of the cohort, like the IABP group.
Conclusions

In this analysis of a national administrative database, we provide
new insights into the characteristics, contemporary clinical practice,
and variables associated with in-hospital mortality among patients
with CS secondary to SIC. Given the nature of this particular database
and the absence of important clinical information such as vital signs,
lactate, ejection fraction, or SCAI shock stage, adequate risk adjust-
ment remains limited. It is possible that sicker patients received more
aggressive hemodynamic support which may account for observed
mortality differences. Future prospective studies with objective and
universal characterization of baseline clinical and hemodynamic
characteristics of patients with CS secondary to SIC are warranted in
order to better define and improve treatment paradigms for unique
causes of CS.
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