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A B S T R A C T   

Background: Despite limited randomized trial data demonstrating clinical efficacy, the utilization of Impella in 
ST-elevation myocardial infarction (STEMI) patients complicated with cardiogenic shock (CS) has increased over 
time. 
Methods: We identified 75,769 hospitalizations with STEMI complicated by CS between October 2015 and 
December 2018 using International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) 
codes. From this cohort, hospitalizations were stratified according to IABP or Impella placement. The primary 
outcome was all-cause in-hospital mortality. Secondary outcomes were divided into efficacy, safety, and device- 
related complications. Propensity-score matching was used to account for differences in the baseline charac-
teristics between the groups. Logistic regression was performed to get the odds ratio and confidence intervals. 
Results: Among 75,769 admissions with STEMI and CS, hospitalizations with <18 years old, both IABP and 
Impella placement, and who underwent ECMO and/or LVAD implantation were excluded. After the exclusion, 
out of 72,791 admissions, 25,260 (34.70%) hospitalizations received IABP, and 7825 (10.75%) received Impella 
support. After propensity score-matched analysis, 7345 hospitalizations were included in each group. All-cause 
in-hospital mortality was higher in the hospitalizations requiring Impella support as compared to IABP (42.10% 
vs. 31.54%, adjusted OR 1.71; 95% confidence interval (CI) 1.60–1.84, P < 0.0001). Impella was associated with 
a higher risk of in-hospital complications and hospitalization cost compared with IABP. 
Conclusion: Impella compared with IABP in STEMI patients with CS was associated with higher in-hospital 
mortality and other adverse clinical and procedural outcomes.  
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1. Introduction 

Despite advances in treatment, cardiogenic shock (CS) remains the 
foremost cause of in-hospital mortality among patients presenting with 
acute myocardial infarction (AMI), with a mortality rate of approxi-
mately 50% [1]. Studies have reported the incidence of CS complicating 
AMI, ranging from 4% to 14% [1–3]. Furthermore, patients with ST- 
elevation myocardial infarction (STEMI) are more likely to develop CS 
than non-ST-elevation myocardial infarction (NSTEMI) [1]. 

While immediate revascularization in AMI patients with CS is life-
saving, controversy remains regarding the role of mechanical circula-
tory support (MCS) devices in such patients. Data from randomized 
controlled trials have not found a consistent benefit of routine use of 
temporary MCS devices in AMI patients. The routine use of intra-aortic 
balloon pump (IABP) did not reduce mortality in patients with AMI and 
CS treated with immediate revascularization [4]. Although Impella has 
been shown to improve hemodynamic parameters such as blood pres-
sure and cardiac output, the IMPRESS trial and other retrospective an-
alyses comparing IABP vs. Impella in STEMI patients complicated by 
severe CS did not show a significant difference in 30-day mortality [5,6]. 
Recent reports from National Cardiovascular Data Registry and Premier 
Healthcare Database have suggested higher mortality and risk of com-
plications with Impella compared with IABP [7,8]. In contrast, recent 
reports from National Cardiogenic Shock Initiative (NCSI) have sug-
gested improvement in survival rates in acute MI and CS patients with 
Impella [9]. Despite limited data exhibiting improvements in clinical 
outcomes relative to IABP, the trend in the utilization of Impella devices 
has increased over time in CS [10–12]. Hence; we sought to demonstrate 
the comprehensive nationwide data on the overall outcomes associated 
with the use of Impella versus IABP specifically in STEMI complicated by 
CS hospitalizations, using the most recent National Inpatient Sample 
(NIS) database. 

2. Methods 

2.1. Data sources 

We used the National Inpatient Sample (NIS) database between 
October 2015 and December 2018 for the present analysis. The NIS is 
the largest publicly available all-payer inpatient care database in the 
United States. Unweighted, it contains data from more than 7 million 
hospital stays each year, and weighted, it estimates more than 35 million 
hospitalizations nationally. The NIS is maintained by the Healthcare 
Cost and Utilization Project (HCUP) through a Federal-State-Industry 
partnership sponsored by the Agency for Healthcare Research and 
Quality (AHRQ) [13]. Its large sample size is ideal for developing na-
tional and regional estimates and enables analyses of rare conditions, 
uncommon treatments, and special populations. Since the NIS uses de- 
identified hospital discharges as samples with prior ethical committee 
approval, no additional ethical committee approval was required for the 
present analysis. The NIS contains information regarding patient de-
mographics, primary and secondary diagnosis at discharge, hospital 
characteristics, payment source, total charge, discharge status, length of 
stay and severity, and comorbidity measures. The Reporting of studies 
Conducted using Observational Routinely-collected health Data (RE-
CORD) Statement – a checklist of items is provided as Supplementary 
Table 1. 

2.2. Study cohort 

We identified hospitalizations with STEMI complicated by CS, with 
either IABP or Impella implanted, between October 2015 and December 
2018 using appropriate International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) codes (Supplementary Ta-
bles 2 and 3). We excluded the hospitalizations with <18 years old, who 
received both Impella and IABP, as well as underwent extracorporeal 

membrane oxygenation (ECMO) and/or left ventricular assist device 
(LVAD) placement (Fig. 1). The primary outcome was all-cause in-hos-
pital mortality. The secondary outcomes were classified as efficacy, 
safety, and device-related complications endpoint as well as hospitali-
zation cost. To obtain the cost of hospitalization, hospital charges were 
multiplied with the cost-to-charge ratios for each hospital for a given 
year and indexing to the year 2018 to adjust for inflation [14]. We also 
performed the subgroup analysis looking at the outcomes in hospitali-
zations who underwent PCI only as well as who did not have any 
intervention in terms of CABG or PCI (medically managed only). 

2.3. Statistical analysis 

We compared hospitalizations for age, gender, comorbidities, use of 
vasopressor support, and outcomes between patients who received IABP 
vs. Impella during the hospitalization. The Elixhauser Comorbidity 
Index was used to identify comorbid disorders. 

Categorical variables are presented as numbers and percentages and 
compared using the Chi-square test. Numerical variables are presented 
as the median and interquartile range (IQR) and were compared using 
the Wilcoxon test. The P value of <0.05 was set as a level of significance. 
Discharge weights provided by the HCUP were applied to generate the 
national estimates as recommended [15]. Next, we examined whether 
the use of IABP, compared with Impella, was associated with a lower risk 
of our study endpoints. Since patients who receive IABP may differ from 
patients who receive Impella, we used a matched propensity score 
analysis to account for confounding. The propensity score was estimated 
using a non-parsimonious logistic regression model where the outcome 
was a receipt of IABP or Impella. The model included comorbidities and 
the use of vasopressors as variables and estimated the probability of 
receiving Impella for a given patient. We created matched cohorts using 
propensity score matching to balance the differences in comorbidities 
between the two groups. After logistic regression, propensity matching 
was performed using a one-to-one scheme without replacement using 
the nearest neighbor matching and a caliper width of 0.05 on the 
probability scale. We followed the methodology for analysis recom-
mended by the NIS-HCUP as described in previous studies and included 
in Supplementary Table 4 [10,16]. All statistical analysis was performed 
with SAS 9.4 (SAS Institute, Inc., Cary, North Carolina). 

3. Results 

Among 75,769 STEMI hospitalizations complicated by CS, age < 18 
(N = 15), hospitalizations who had both IABP and Impella placement (N 
= 1519), as well as who underwent ECMO and/or LVAD implantation 
(N = 1444) were excluded. In the final analysis, out of 72,791 admis-
sions, 25,260 (34.70%) hospitalizations received IABP, and 7825 
(10.75%) received Impella support (Fig. 1). Table 1 demonstrates 
baseline characteristics between IABP and Impella groups. The mean age 
was 65.9 years in the IABP cohort and 64.4 years in the Impella cohort. 
Males were less likely to receive IABP compared with Impella (70.51% 
vs. 75.08%, P value <0.0001). Hospitalizations which received IABP 
had a higher prevalence of major co-morbidities, including hypertension 
(39.37% vs. 30.46%, P value <0.0001), hyperlipidemia (54.39% vs. 
47.64%, P value <0.0001), hypothyroidism (6.95% vs. 5.56%, P value 
<0.0001), and prior CABG (17.38% vs. 6.19%, P value <0.0001). In 
contrast, hospitalizations with Impella had a higher prevalence of 
electrolyte imbalance (48.67% vs. 55.04%, P value <0.0001), coagul-
opathy (16.45% vs. 20.31%, P value <0.0001), anemia (12.75% vs. 
15.07%, P value <0.0001), peripheral vascular disease (7.88% vs. 
11.30%, P value <0.0001), and prior percutaneous coronary interven-
tion (75.42% vs. 82.89%, P value <0.0001). After the propensity-score 
matched analysis, each group had 7345 hospitalizations (Table 2). After 
propensity score matching, we did not notice any significant difference 
between the groups except gender difference and males remained 
significantly high in the Impella group. Absolute standardized difference 
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between variables before and after matching has been depicted in Fig. 2. 
After propensity score-matched analysis, higher all-cause in-hospital 

mortality was observed in the Impella study cohort compared with IABP 
(42.10% vs. 31.54%; OR 1.71; 95% confidence interval (CI) 1.60–1.84, P 
value <0.0001) (Fig. 3, Tables 3 and 4). Efficacy outcomes including 
metabolic complications such as rate of acute kidney injury (AKI) 
(52.96% vs. 46.43%, OR 1.31, CI 1.22–1.40, P value <0.0001) and AKI 
requiring dialysis (7.42% vs. 4.90%, OR 1.56, CI 1.35–1.81, P value 
<0.0001) were significantly higher in Impella group compared with 
IABP. Safety outcomes including neurological complications such as 
ischemic stroke (3.88% vs. 2.45%, OR 1.34, CI 1.33–1.35, P value 
<0.0001) and hemorrhagic stroke (1.43% vs. 0.88%, OR 1.59, CI 
1.16–2.18, P value 0.003) were significantly higher in Impella group 
compared with IABP. Hematological complications including rate of 
major bleeding (16.88% vs. 11.10%, OR 1.74, CI 1.58–1.92, P value 
<0.0001), GI bleeding (8.10% vs. 5.99%; OR 1.42, CI 1.25–1.62, P value 
<0.0001) and blood transfusion (12.93% vs. 6.74%; OR 2.27, CI 
2.01–2.56, P value <0.0001) were also more in the Impella group 
compared with the IABP group. Furthermore, patients in the Impella 

cohort had higher rates of acquired hemolytic anemia than IABP (1.29% 
vs. 0.07%, OR: 20.49, CI 8.28–50.73, P value <0.0001). Device-related 
complications including device-related infection (0.48% vs. 0.07%, OR 
7.58, CI 2.94–19.50, P value <0.0001), access site hemorrhage (1.70% 
vs. 0.41%, OR 4.64, CI 3.10–6.94, P value <0.0001) and hematoma 
(1.36% vs. 0.48%, OR 2.72, CI 1.84–4.02, P value <0.0001) were 
significantly higher in Impella group compared with IABP. Finally, total 
hospital charges 60,196 (43,636–84,239) vs. 36,073 (25,105–56,074) 
(P value <0.0001) were significantly higher in hospitalizations under-
going Impella placement compared with IABP. Outcomes in the PCI-only 
group and medically managed group have been described in Supple-
mentary Tables 5, 6, 7, and 8. 

4. Discussion 

The present study compared in-hospital outcomes of MCS using IABP 
versus Impella in STEMI complicated by CS using the most recent na-
tional database. The main findings of our study are: (a) Impella was used 
in younger hospitalizations that were more likely to be male in 

Fig. 1. Flow chart for participant inclusion.  
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comparison to IABP (b) The use of IABP was 3.2 times more common 
than Impella in STEMI hospitalizations complicated by CS. (c) Impella 
was associated with higher in-hospital mortality, AKI and AKI requiring 
dialysis (d) Impella was associated with a higher incidence of ischemic 
and hemorrhagic stroke, gastrointestinal bleeding, blood transfusion, 
and acquired hemolytic anemia compared with IABP. (e) The device- 
related complications were also higher with Impella as compared with 
IABP. (f) Hospitalizations in the Impella cohort were associated with 
significantly higher total hospital charges compared with IABP. 

Previous clinical trials and observational studies have failed to show 
a significant improvement in mortality in patients with acute myocar-
dial infarction complicated by CS who received IABP versus Impella 
[5,6,17–19]. The major limitation was each of these randomized 
controlled trials (RCTs) enrolled a limited number of patients. Addi-
tionally, as noted many times in the past, it is exceptionally difficult to 
start an RCT in an emergency setting like STEMI CS. Basir et al. and 
colleagues from the Detroit Cardiogenic shock initiative revealed mor-
tality rates as low as 28% in patients who received Impella [20], 
compared to 42% in the present analysis, which can be explained by the 
Impella use by the organized and standardized shock team approach 
which incorporates hemodynamics and real time multidisciplinary dis-
cussions as part of an algorithm, strict exclusion criteria including 
several conditions that are independently associated with increased in- 
hospital mortality (i.e. unwitnessed arrest) designed for early response 
to MI and shock. However, it is not always the case in the real world, 
especially in small centers with limited pLVAD experience. Another 
plausible explanation for higher mortality in our study is that we only 
included patients with STEMI, compared to the study by Basir et al., 
which had both STEMI (71%) and NSTEMI (29%). Moreover, the 30-day 
mortality analysis of 237 patients from the IABP-SHOCK II trial revealed 

all-cause mortality in the Impella arm to be 48.5% which is even higher 
than our study [6]. A 2018 meta-analysis of five randomized controlled 
trials and one observational study comparing IABP and percutaneous 
ventricular assist devices (Impella & TandemHeart) included a total of 
674 patients and found no significant differences with regards to 30-day 
or long-term mortality [21]. In a propensity-matched analysis utilizing 
the Premier Healthcare Database (2004–2016), an all-payer database 
representing approximately 20% of all acute care hospitalizations in the 
U.S., Amin et al. reported that Impella use was associated with a higher 
risk of in-hospital mortality compared with IABP in patients who un-
derwent percutaneous coronary intervention requiring MCS [7]. Similar 
to the findings by Amin et al., the use of Impella was associated with 
worse all-cause in-hospital mortality compared with IABP in STEMI 
patients complicated by CS in our analysis as well. 

The use of IABP was associated with a lower incidence of AKI 
compared with Impella, likely due to the diastolic augmentation of renal 
perfusion by IABP, thereby reducing rates of pre-renal AKI. This could 
also explain the higher mortality with Impella than IABP, similar to that 
seen with radial vs. femoral access in STEMI [22]. Another factor could 
be a higher volume of contrast exposure with Impella placement 
increasing the risk of contrast-induced nephropathy and AKI [23]. A 
higher incidence of hemolytic anemia due to mechanical hemolysis seen 
in the Impella cohort could also potentially account for AKI rates which 
were also observed in the previous studies [19,24,25]. Cerebrovascular 
accidents, including ischemic stroke, are rare with IABP since the 
balloon is positioned distal to the left subclavian artery, except if it is 
accidentally placed or migrates proximally [26]. Impella placement, on 
the other hand, inevitably requires crossing the aortic arch and the 
aortic valve, which could potentially account for the higher rates of 
embolic stroke seen with Impella in our study. Adequate anticoagulation 

Table 1 
Baseline characteristics of hospitalizations with IABP compared with IMPELLA 
placements.  

N = 72,791 IABP 
N = 25,260 

Impella 
N = 7825 

P value SD 

Mean age (SD) 65.9 ±
11.92 

64.42 ±
11.74  

<0.0001  13.0 

Gender    <0.0001  10.0 
Male 70.51% 75.08%   
Female 29.49% 24.92%   

Comorbidities     
Obesity 12.59% 12.52%  0.86  0.00 
OSA 4.99% 4.73%  0.34  1.00 
HTN 39.37% 30.46%  <0.0001  19.0 
HLD 54.39% 47.64%  <0.0001  14.0 
Family H/o CAD 9.22% 7.85%  0.0002  5.00 
DM 13.56% 12.84%  0.10  2.00 
Hypothyroidism 6.95% 5.56%  <0.0001  6.00 
CHF 1.66% 1.47%  0.23  2.00 
COPD 13.42% 13.86%  0.32  1.00 
CKD 15.14% 15.01%  0.76  0.00 
Pulmonary HTN 0.06% 0.06%  0.88  0.00 
Smoking (tobacco use 
disorder) 

26.23% 24.52%  0.002  4.00 

Alcohol use 3.54% 3.77%  0.35  1.00 
Drug abuse 2.30% 2.11%  0.32  1.00 
Valvular heart disease 0.12% 0.13%  0.84  0.00 
Electrolyte imbalance 48.67% 55.04%  <0.0001  13.0 
Coagulopathy 16.45% 20.31%  <0.0001  10.0 
Anemia 12.75% 15.07%  <0.0001  7.00 
PVD 7.88% 11.30%  <0.0001  12.0 
PCI 75.42% 82.89%  <0.0001  18.0 
CABG 17.38% 6.19%  <0.0001  35.0 
Use of vasopressors 10.67% 12.90%  <0.0001  7.00 

Abbreviations: OSA = obstructive sleep apnea, HTN = hypertension, HLD =
hyperlipidemia, CAD = coronary artery disease, DM = diabetes mellitus, CHF =
congestive heart failure, COPD = chronic obstructive pulmonary disease, CKD =
chronic kidney disease, PVD = peripheral vascular disease, PCI = percutaneous 
coronary intervention, CABG = coronary artery bypass graft. 

Table 2 
Baseline characteristics of hospitalizations with IABP compared with IMPELLA 
placements (Propensity Score Matched).   

IABP 
N = 7345 

IMPELLA 
N = 7345 

P value SD 

Mean age (SD) 64.78 ±
12.38 

64.53 ±
11.70  

0.57 * 

Gender    <0.0001 * 
Male 71.00% 74.86%   
Female 29.00% 25.14%   

Comorbidities     
Obesity 10.69% 11.32%  0.19 0.7 
OSA 4.49% 4.70%  0.55 1.3 
HTN 30.16% 30.63%  0.53 1.0 
HLD 47.17% 48.20%  0.21 2.0 
FH CAD 7.49% 8.24%  0.09 2.6 
DM 12.05% 12.87%  0.13 2.4 
Hypothyroidism 5.45% 5.92%  0.21 1.9 
CHF 1.43% 1.50%  0.73 0.5 
COPD 13.41% 13.89%  0.40 1.3 
CKD 14.23% 15.25%  0.08 2.8 
Pulmonary HTN 0.14% 0.07%  0.19 2.6 
Smoking (tobacco use 
disorder) 

23.89% 24.85%  0.17 2.1 

Alcohol use 3.54% 3.88%  0.27 1.7 
Drug abuse 2.38% 2.04%  0.16 2.3 
Valvular heart disease 0.07% 0.14%  0.19 1.8 
Electrolyte imbalance 54.32% 54.59%  0.74 0.5 
Coagulopathy 20.35% 19.67%  0.30 1.7 
Anemia 13.75% 14.84%  0.06 3.1 
PVD 11.03% 11.10%  0.89 0.2 
PCI 83.46% 83.05%  0.50 1.0 
CABG 6.19% 6.13%  0.86 0.2 
Use of vasopressors 13.27% 12.93%  0.54 1.05 

Abbreviations: OSA = obstructive sleep apnea, HTN = hypertension, HLD =
hyperlipidemia, CAD = coronary artery disease, DM = diabetes mellitus, CHF =
congestive heart failure, COPD = chronic obstructive pulmonary disease, CKD =
chronic kidney disease, PVD = peripheral vascular disease, PCI = percutaneous 
coronary intervention, CABG = coronary artery bypass graft. 
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Fig. 2. Love plot representing the absolute standardized difference between variables before and after matching. OSA = obstructive sleep apnea, HTN = hyper-
tension, HLD = hyperlipidemia, CAD = coronary artery disease, DM = diabetes mellitus, CHF = congestive heart failure, COPD = chronic obstructive pulmonary 
disease, CKD = chronic kidney disease, PVD = peripheral vascular disease, PCI = percutaneous coronary intervention, CABG = coronary artery bypass graft. 
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is a must with Impella to maintain the patency of the purge pathway in 
the event blood enters the motor, which is not the case with IABP where 
anticoagulation can be omitted as suggested in previous studies [27,28]. 
This, along with a higher rate of vascular complications, could partly 
explain the higher rate of bleeding complications along with the higher 
incidence of blood transfusion with Impella in our study, similar to the 
retrospective analysis by Amin et al. [7]. 

Access site-related hematoma/hemorrhage was more common with 
Impella use. This finding is intuitive as Impella requires a bigger access 
catheter size compared with IABP. The total hospital charges that were 
higher with the Impella group can be related to the higher cost of the 
Impella device and higher complication rates than IABP, as seen in this 

study [29]. Amin et al. also found higher incremental hospitalization 
costs associated with Impella use in their analysis [7]. 

The present analysis has several limitations. The NIS database is an 
administrative database and hence subject to under-coding, over-cod-
ing, or erroneous coding. However, since coding is the means of 
obtaining reimbursement, the error in coding for procedures like IABP 
and Impella implantation is less likely. While the ICD-10 PCS code only 
provides codes for percutaneous left ventricular assist device (pLVAD) 
placement, of which Impella forms the majority, the effect of other 
pLVAD cannot be excluded from the present analysis. However, these 
coding strategies have been utilized in prior studies and hence are 
validated. Second, we couldn't assess the severity of CS and thus the 
acuteness of the clinical picture due to the inherent limitation of the 
database, which can have a significant effect on the selection of the 
device and in-hospital outcomes. Along with CS severity, the NIS cannot 
assess the timing of Impella placement since the earlier placement of 
Impella has been linked with better outcomes [30]. Third, long-term 
outcomes in the two cohorts were not evaluated, which can substan-
tially influence the choice of the MCS. Recent reports from registries like 

Fig. 3. Forest plot for in-hospital outcomes post propensity score matching. AKI = acute kidney injury, GI = gastro-intestinal.  

Table 3 
Outcomes of hospitalizations with IABP compared with IMPELLA placements 
(Propensity Score Matched).  

Outcomes IABP 
N = 7345 

Impella 
N = 7345 

P value 

Efficacy endpoints 
All cause in hospital 

mortality 
31.54% 42.10%  <0.0001 

AKI 46.43% 52.96%  <0.0001 
AKI requiring dialysis 4.90% 7.42%  <0.0001  

Safety endpoints 
Ischemic stroke 2.45% 3.88%  <0.0001 
Hemorrhagic stroke 0.88% 1.43%  0.002 
Major bleeding 

(hemorrhage) 
11.10% 16.88%  <0.0001 

GI bleeding 5.99% 8.10%  <0.0001 
Blood transfusion 6.74% 12.93%  <0.0001 
Acquired hemolytic 

anemia 
0.07% 1.29%  <0.0001  

Device related complications 
Infection due to 

vascular device 
0.07% 0.48%  0.0001 

Access site related 
Hemorrhage 

0.41% 1.70%  <0.0001 

Access site related 
Hematoma 

0.48% 1.36%  <0.0001 

Hospital charges 
(median) ($) 

36,073 
(25,105–56,074) 

60,196 
(43,636–84,239)  

<0.0001 

Abbreviations: AKI = acute kidney injury. 

Table 4 
Odds ratio for outcomes of hospitalizations with IMPELLA compared with IABP 
placements (Propensity Score Matched).  

Outcomes Odds ratio LL UL P value 

Efficacy endpoints 
All cause in hospital mortality  1.71  1.60  1.84  <0.0001 
AKI  1.31  1.22  1.40  <0.0001 
AKI requiring dialysis  1.56  1.35  1.81  <0.0001  

Safety endpoints 
Ischemic stroke  1.34  1.33  1.35  <0.0001 
Hemorrhagic stroke  1.59  1.16  2.18  0.003 
Major bleeding  1.74  1.58  1.92  <0.0001 
GI bleeding  1.42  1.25  1.62  <0.0001 
Blood transfusion  2.27  2.01  2.56  <0.0001 
Acquired hemolytic anemia  20.49  8.28  50.73  <0.0001  

Device related complications 
Infection due to vascular device  7.58  2.94  19.50  <0.0001 
Access site related Hemorrhage  4.64  3.10  6.94  <0.0001 
Access site related Hematoma  2.72  1.84  4.02  <0.0001 

Abbreviations: AKI = acute kidney injury. 
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the NCSI have reported significant improvements in survival rates in 
AMI CS patients when best practices like early initiation of MCS, 
following CS protocols, and large bore access care are followed. Whether 
the lack of such best practices and operator experience across multiple 
centers in the nation resulted in worse outcomes in Impella cohort 
cannot be addressed in a retrospective study. Fourth, there could be 
selection bias as this is not a randomized controlled trial, and the se-
lection of the MCS devices may have been done at the operator's 
discretion. However, the use of Impella is expanding nationally, and our 
results do not support that this has been accompanied by improvement 
in outcomes. Standardization of CS protocols besides demonstration of 
benefit in randomized control trials is vital to improve outcomes in CS 
patients. The strengths of our analysis include using previously validated 
ICD-10 codes to identify conditions and propensity-score-matched 
analysis to reduce the effect of confounders. 

In conclusion, the present analysis reported that in hospitalizations 
with STEMI complicated by CS, Impella compared with IABP was 
associated with higher in-hospital mortality, morbidity, and procedural- 
related outcomes. To further evaluate this, large-scale randomized 
studies are warranted to determine the effect of the Impella in this 
acutely sick population. Until then, the best approach would be to use 
team-based approaches to evaluate as much information as possible to 
help guide device selection on an individual patient basis, taking into 
account center and operator experience. 
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