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Abstract 

Background  Mechanical circulatory support (MCS) devices have been widely used for managing acute myocardial 
infarction complicated by cardiogenic shock (AMI-CS). However, their use additionally elevates acute ischemic stroke 
(AIS) risk. There is insufficient data on the risk of AIS associated with early versus late initiation of MCS in AMI-CS cases. 
Therefore, this study aimed to assess the timing of MCS initiation associated with the risk of AIS in hospitalizations 
with AMI-CS.

Methods  A retrospective data analysis of the National Inpatient Sample (January 2016–December 2020) identified 
AMI-CS hospitalizations: categorized into early MCS initiation (< 48 h) and late MCS initiation (> 48 h). The primary 
outcome was AIS; the secondary outcomes included in-hospital mortality, acute kidney injury (AKI), cardiac arrest, 
major bleeding, and blood transfusion. The outcomes were compared using logistic multivariate regression and 1:1 
propensity score matching analyses between the groups.

Results  Among 78,405 weighted hospitalizations with AMI-CS receiving MCS, 82.77% (n = 64,895) and 17.23% 
(n = 13,510) underwent early and late MCS initiation, respectively. Hospitalizations with late MCS initiation had higher 
risks of AIS (adjusted odds ratio [aOR], 1.46; 95%confidence interval [CI], 1.19–1.79; p < 0.001), AKI (aOR, 1.41; 95%CI, 
1.27–1.55; p < 0.001), and major bleeding (aOR, 1.12; 95%CI, 1.01–1.23; p = 0.028). After propensity score matching, late 
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MCS initiation remained associated with increased risks of AIS (aOR, 1.39; 95%CI, 1.08–1.78; p = 0.010), AKI (aOR, 1.37; 
95%CI, 1.23–1.53; p < 0.001), and major bleeding (aOR, 1.14; 95%CI, 1.02–1.28; p = 0.027).

Conclusions  Late initiation of MCS was associated with increased risks of AIS, AKI, and major bleeding.

Keywords  Acute ischemic stroke, Acute myocardial infarction, Cardiogenic shock, Mechanical circulatory support, 
Propensity score matching

Background
Cardiogenic shock (CS) remains the most common cause 
of death in hospitalizations with acute myocardial infarc-
tion (AMI) [1, 2]. Despite using early revascularization, 
in-hospital mortality due to AMI complicated by CS 
(AMI-CS) remains continually high, with rates ranging 
between 38 and 50% [3–5]. Supportive medical therapies, 
such as inotropes, have failed to improve outcomes in this 
setting. Therefore, percutaneous mechanical circulatory 
support (MCS) devices including intra-aortic balloon 
pumps (IABPs); extracorporeal membrane oxygenation 
(ECMO); and percutaneous ventricular assist devices, 
such as Impella and TandemHeart, are frequently utilized 
to improve cardiac output and blood supply to the essen-
tial organs [6]. However, MCS use is linked to high rates 
of stroke, increasing the risk of both mortality and dis-
ability [7–10].

Stroke is one of the leading complications following 
MCS placement [11, 12]. According to several studies, 
the incidence of stroke associated with these technolo-
gies falls between 3 and 14% [7, 13–16]. Regarding the 
mechanisms underlying this increased risk of stroke, 
many versions of research share concerns, implicating 
MCS devices for disrupting atheromatous plaques on 
the aorta wall and acting as a thrombogenic nidus, which 
could result in embolism into the cerebral vasculature 
[12]. Other device-specific mechanisms of stroke asso-
ciated with IABPs include air embolism due to ruptured 
balloons and IABP malposition, which could obstruct the 
major arteries and cause cerebral ischemia [17]. Regard-
ing the other MCS devices (Impella, TandemHeart, and 
ECMO), shear-mediated platelet fragmentation has the 
potential to induce an inflammatory and coagulopathic 
milieu. This could ultimately result in microthrombi pro-
duction and pump thrombosis [18].

The timing of MCS initiation may impact the inci-
dence rate of stroke. However, the impact of the timing 
of initiation of these devices on stroke in hospitalizations 
with AMI-CS remains mostly unknown. A deeper com-
prehension about how the timing of MCS implantation 
could impact neurologic events among hospitalizations 
with AMI-CS may lead to improved clinical manage-
ment. Therefore, our analysis aimed to investigate trends 
surrounding the use of MCS devices and assess the rela-
tionship between acute ischemic stroke (AIS) and the 

timing of MCS initiation during hospitalization in hospi-
talizations with AMI-CS.

Methods
Study design and patient population
The National Inpatient Sample (NIS) database was spon-
sored by the Agency for Healthcare Research and Quality 
(Healthcare Cost and Utilization Project). It is the larg-
est publicly available all-payer inpatient care database in 
the United States, including over 7 million unweighted 
hospitalizations annually and over 100 clinical and non-
clinical data elements. When weighted, the NIS database 
is estimated to include more than 35 million hospitaliza-
tions nationally. The discharge weight variable from the 
Healthcare Cost and Utilization Project could be used to 
determine the national estimate [19]. Inpatient diagnoses 
and procedures were coded by the International Classifi-
cation of Diseases, Tenth Revision, Clinical Modification 
(ICD-10-CM) and Procedure Coding System (ICD-10-
PCS) (Table  S1), and Elixhauser Comorbidity Software 
Refined for ICD-10-CM, provided by the Healthcare 
Cost and Utilization Project, was used to identify comor-
bidities (Table S2). The NIS database has been previously 
validated to be possibly used for characterizing the prev-
alence and consequences of cardiovascular disease [20, 
21].

Since the NIS contains deidentified patient information 
and is accessible to the public, there was no requirement 
for consent to participate and it was deemed exempt from 
the Institutional Review Board approval requirement.

The NIS data from 2016 to 2020 was retrospectively 
reviewed to identify hospitalizations admitted with AMI 
in the primary diagnosis field (ICD-10-CM I21.x) and 
a secondary diagnosis of CS (ICD-10-CM R57.0) The 
accuracy of ICD-10 codes to identify AMI and CS has 
been previously validated with high specificity and sen-
sitivity [22–24]. We identified the use of MCS devices 
(IABP, Impella, and ECMO) using the ICD-10-PCS codes 
(Table  S1). Hospitalizations aged < 18 years at hospital 
admission; receiving no MCS or receiving MCS before 
admission; and with missing data (age, sex, race, payer, 
income quartile, year, hospital region, teaching status, 
bed size, and died) were excluded (Fig. 1). We divided the 
hospitalizations into the two groups according to whether 
the MCS was started earlier (< 48 h) or later (> 48 h). The 
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primary endpoint was an AIS during hospitalization. The 
secondary endpoints included inhospital mortality, acute 
kidney injury (AKI), cardiac arrest, major bleeding, and 
blood transfusion. Additionally, we investigated trends in 
the use of MCS devices and in the incidence of AIS from 
2016 to 2020.

Statistical analysis
Continuous data were expressed as mean ± SD or 
median with its interquartile range if the normal dis-
tribution was not satisfied. Categorical variables are 
expressed as numbers and percentages for demograph-
ics, clinical features, and study outcomes. As advised 
by the Healthcare Cost and Utilization Project for the 
use of the NIS data set, discharge weights were applied 
to the national estimates. The impact of the timing of 
MCS on in-hospital outcomes was assessed using mul-
tivariable logistic regression; data are presented as 
adjusted odds ratio (aOR) with a 95%confidence inter-
val (CI). The variables included in the model were age, 
sex, race, hypertension, diabetes mellitus, congestive 
heart failure, smoking, atrial fibrillation, ventricular 
tachycardia, prior percutaneous coronary intervention 
(PCI), prior myocardial infarction, and prior coronary 
artery bypass grafting (CABG). Dyslipidemia; coagu-
lopathy; liver disease; fluid and electrolyte disorder; 
other neurological disorders; pulmonary circulation 
disorders; valvular disease; chronic anticoagulation; 
chronic antiplatelet; thrombolysis; vasopressor use; 

and coronary angiography, CABG, and PCI were also 
among the variables included in the model. Differences 
between continuous variables were evaluated using the 
Mann–Whitney U test, while differences between cat-
egorical variables were assessed using the χ2 test; the 
corresponding aOR and 95%CI are presented as forest 
plots. Propensity score matching (PSM) was applied to 
balance between confounders across hospitalizations 
with early and late initiation of MCS via multivariable 
logistic regression by including the above baseline vari-
ables. A 1:1 matching procedure without replacement 
(greedy-matching method) was used for matching, with 
a caliper width equal to 0.02 of the standard deviation 
of the logit of the propensity score. Standardized mean 
differences (SMD) for all baseline variables were calcu-
lated to evaluate the balance of baseline characteristics 
between before and after matching. A baseline vari-
able was considered well-balanced when the SMD was 
less than 0.10. To obtain a balanced distribution of all 
the covariates in the PSM cohort, if any baseline fea-
tures did not satisfy the balanced distribution, a sec-
ond adjustment ("double adjustment") was performed 
to eliminate any residual confounding deviations after 
PSM [25]. The R statistical software package (http://​
www.R-​proje​ct.​org; The R Foundation) and Empower-
Stats (http://​www.​empow​ersta​ts.​com; X&Y Solutions, 
Inc., Boston, MA, USA) were used for all analyses. A 
two-sided P value < 0.05 was considered statistically 
significant for all comparisons.

Fig. 1  Flowchart of patient selection. AMI-CS, acute myocardial infarction complicated by cardiogenic shock; MCS, mechanical circulatory support

http://www.R-project.org
http://www.R-project.org
http://www.empowerstats.com
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Results
Population characteristics
From January 2016 to December 2020, there were 
weighted data for 78,405 hospitalizations with AMI-
CS undergoing MCS. Among this cohort, 82.77% (n = 
64,895) underwent early initiation of MCS within 48 h, 
whereas 17.23% (n = 13,510) underwent late initiation of 
MCS after 48 h (Fig.  1). Hospitalizations receiving late 
initiation of MCS were older (67.85 years vs. 66.14 years, 
p < 0.001) and female (32.68% vs. 29.95%, p = 0.007). 
Race, income quartile, hospital region, and teaching sta-
tus were evenly distributed in both arms.

A comparison between the comorbidity profiles in 
our cohort found that hospitalizations with early device 
placement exhibited a statistically significant increase in 
family history of coronary artery disease, smoking, and 
drug abuse (all, p < 0.050). In contrast, hospitalizations 
with late device placement had a statistically significant 
increase in atrial fibrillation, congestive heart failure, 
valvular disease, chronic pulmonary disease, pulmonary 
circulation disorder, diabetes mellitus, hypertension, 
chronic renal failure, and peripheral vascular disease (all, 
p < 0.050). Overall, the hospitalizations with late initia-
tion MCS had a higher burden of Elixhauser comorbidi-
ties (comorbidity index > 4, 50.74% vs. 31.97%, p < 0.001). 
The hospitalizations with early MCS initiation were more 
likely to have undergone coronary angiography (58.17% 
vs. 54.55%, p = 0.019) or PCI (65.62% vs. 42.49%, p < 
0.001), while those with late MCS initiation were more 
likely to have undergone CABG (44.82% vs. 17.80%, 
p < 0.001). The hospitalizations in the early group were 
more likely to have received IABP (72.99% vs. 69.84%, 
p = 0.003), while those in the late group were more likely 
to have received Impella (30.68% vs. 29.69%, p = 0.445) 
and ECMO (8.25% vs. 5.15%, p = 0.001) (Table 1). With 
the nonrandomized design and imbalanced baseline in 
mind, PSM produced a cohort of 2704 hospitalizations 
with AMI-CS with early MCS initiation and 2704 hos-
pitalizations with late MCS initiation. Matching elimi-
nated almost all significant differences in demographics, 
payment source, hospital characteristics, clinical char-
acteristics, and comorbidity prevalence between the two 
cohorts (Table S3 and Figure S1).

Temporal trends in MCS utilization and stroke incidence
From 2016 to 2020, the use of IABP decreased from 
35.89% to 30.21%, whereas Impella use increased from 
8.49% to 15.27%, and ECMO use increased from 2.05% 
to 2.90% (Figure S2). The incidence of AIS in hospitaliza-
tions with AMI-CS receiving MCS remained stable over 
the study period: 3.55% in 2016 and 4.54% in 2020 (P 
trend = 0.277) (Figure S3).

In‑hospital outcomes
Compared with hospitalizations with early MCS ini-
tiation, hospitalizations with late MCS initiation were 
associated with statistically significant increases in AIS 
(5.74% vs. 3.60%; aOR, 1.46; 95%CI, 1.19–1.79; p < 0.001), 
AKI (61.73% vs. 50.40%; aOR, 1.41; 95%CI, 1.27–1.55; p < 
0.001), and major bleeding (43.19%2 vs. 9.72%; aOR, 1.12; 
95%CI, 1.01–1.23; p = 0.028). There were no significant 
differences between the groups in terms of incident in-
hospital mortality, cardiac arrest, and blood transfusion 
(p > 0.05) (Table 2 and Fig. 2). PSM analysis revealed that 
the hospitalizations with late MCS initiation remained 
associated with an increased risk of AIS (5.70% vs. 4.14%; 
aOR, 1.39; 95%CI, 1.08–1.78; p = 0.010), AKI (61.69% 
vs. 53.55%; aOR, 1.37; 95%CI, 1.23–1.53; p < 0.001), and 
major bleeding (43.27% vs. 38.50%; aOR, 1.14; 95%CI, 
1.02–1.28; p = 0.027) (Table  3 and Fig.  3). Furthermore, 
subgroup analysis revealed that an AMI-CS hospitaliza-
tion with late MCS was consistently associated with a 
high AIS risk among all subgroups (Fig. 4).

Discussion
In this nationwide retrospective cohort study of MCS 
use for AMI-CS, we evaluated the impact of the timing 
of initiation of MCS on in-hospital outcomes. The main 
findings were: First, during the study period, the use of 
Impella and ECMO increased, whereas the use of IABP 
decreased with the passage of time. Second, occurrence 
of AIS was significantly higher in hospitalizations who 
received MCS 48 h after admission compared with in 
those who received it within 48 h. Third, late initiation of 
MCS was also associated with an increased risk of AKI 
and major bleeding.

Barssoum et  al.’s [26] study assessing the effects of 
mechanical support on non-AMI-CS reported results 
different from the results of our study. As opposed to this 
study, we chose the cohort undergoing hospitalization 
based on acute AMI codes. In our study, we found that 
from 2016 to 2020, the use of IABP declined, whereas the 
use of Impella and ECMO increased over time, which 
is consistent with the findings of previous reports that 
demonstrated a shift toward use of novel MCS devices 
[27, 28]. We further identified that the incidence of AIS 
in hospitalizations with AMI-CS with MCS remained 
stable over the study period.

In our analysis, the incidence of AIS was higher in the 
late initiation group, both using multivariable logistic 
regression and PSM analysis. This positive effect was evi-
dent in all subgroups considered and after adjustments. 
This can be explained in various ways. First, we observed 
increased prevalence of classic risk factors for athero-
sclerosis in the group of late MCS initiation as this group 
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Table 1  Baseline and hospital characteristics before propensity score matching (weighted)

Variablesa  < 48 h
n = 64,895

 > 48 h
n = 13,510

P-value

Age 66.14 (65.78,66.50) 67.85 (67.34,68.36)  < 0.001

Sex 0.007

  Male 70.05 (69.08,71.01) 67.32 (65.58,69.01)

  Female 29.95 (28.99,30.92) 32.68 (30.99,34.42)

Race 0.758

  White 74.04 (72.48,75.54) 73.50 (68.94,77.61)

  Black 8.24 (7.44,9.12) 8.96 (7.39,10.82)

  Hispanic 9.06 (8.15,10.07) 9.36 (7.67,11.38)

  Other 8.65 (8.12,9.21) 8.18 (6.67,9.99)

Payer 0.002

  Medicare/Medicaid 64.20 (63.19,65.19) 68.39 (64.96,71.64)

  Private insurance 27.13 (26.19,28.09) 21.98 (20.36,23.70)

  Self-pay 5.35 (4.85,5.91) 3.77 (2.96,4.81)

  No charge/Other 3.32 (2.90,3.80) 5.85 (2.78,11.87)

Income Quartile 0.902

  0 to 25 28.89 (27.61,30.19) 28.09 (23.78,32.84)

  26 to 50 27.02 (25.98,28.09) 26.50 (24.54,28.55)

  51 to 75 24.35 (22.53,26.27) 25.02 (22.99,27.16)

  76 to 100 19.74 (18.11,21.48) 20.39 (18.16,22.82)

Hospital region 0.210

  Northeast 22.80 (18.16,28.21) 25.20 (15.66,37.94)

  Midwest 22.15 (20.53,23.86) 18.80 (15.75,22.29)

  South 40.17 (37.42,42.98) 42.15 (35.73,48.85)

  West 14.88 (13.71,16.13) 13.84 (11.52,16.55)

Teaching status 0.565

  Rural 7.83 (7.14,8.58) 7.07 (5.74,8.68)

  Urban nonteaching 77.93 (76.27,79.51) 78.65 (74.85,82.01)

  Urban teaching 14.24 (13.16,15.39) 14.29 (11.92,17.03)

Bed size  < 0.001

  Small 13.21 (12.02,14.49) 10.62 (8.77,12.82)

  Medium 28.23 (26.16,30.40) 24.17 (20.40,28.38)

  Large 58.56 (55.65,61.42) 65.21 (59.50,70.51)

Prior MI 11.67 (10.67,12.76) 13.10 (10.91,15.65) 0.120

Prior PCI 12.02 (10.99,13.13) 10.66 (8.83,12.81) 0.117

Prior CABG 5.92 (5.37,6.51) 7.88 (6.46,9.59) 0.001

Prior CVA 5.00 (4.44,5.63) 5.81 (4.70,7.16) 0.137

Prior PPM or ICD 1.23 (1.04,1.45) 1.92 (1.40,2.63) 0.007

Smoking 42.08 (40.55,43.64) 36.57 (33.19,40.08)  < 0.001

Alcohol abuse 4.28 (3.66,5.01) 3.77 (2.96,4.81) 0.328

Drug abuse 3.52 (2.94,4.22) 2.33 (1.75,3.10) 0.009

Obesity 16.87 (15.60,18.21) 18.84 (15.85,22.25) 0.086

Family history of CAD 9.42 (8.47,10.45) 6.70 (5.42,8.26)  < 0.001

Known CAD 6.69 (6.08,7.35) 8.99 (7.41,10.87)  < 0.001

Dyslipidaemia 54.82 (53.06,56.57) 56.25 (50.05,62.27) 0.571

Carotid artery disease 1.77 (1.53,2.05) 4.55 (3.62,5.70)  < 0.001

Atrial fibrillation 23.77 (22.07,25.55) 32.94 (29.83,36.20)  < 0.001

Ventricular fibrillation 21.74 (20.97,22.52) 12.88 (10.74,15.37)  < 0.001

Ventricular tachycardia 25.36 (24.45,26.28) 23.43 (21.48,25.50) 0.086

Congestive heart failure 18.68 (17.50,19.93) 23.43 (19.69,27.63) 0.002
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included more hospitalizations who were older, were 
female, and had comorbidities such as diabetes mellitus, 
hypertension, and atrial fibrillation [29]. However, the 
risk of AIS remained higher in the late group after adjust-
ment for these confounding variables. Second, previous 
studies have reported that different MCS devices could 
carry varying risks of stroke. Hospitalizations receiving 
IABP had a low risk of stroke. The randomized SHOCK 
II trial showed that the rate of hospitalizations with AMI-
CS was 0.7% [15], while the rate of individuals receiving 
Impella was 3.6% [7]. Compared with IABP and Impella 
devices, although ECMO is advised in hospitalizations 
with profound CS, it is associated with a significantly 

Table 1  (continued)

Variablesa  < 48 h
n = 64,895

 > 48 h
n = 13,510

P-value

Chronic pulmonary disease 16.98 (15.70,18.34) 21.98 (18.55,25.85)  < 0.001

Pulmonary circulation disorder 7.85 (7.27,8.48) 14.51 (12.14,17.25)  < 0.001

Coagulopathy 18.99 (17.60,20.46) 27.68 (25.24,30.27)  < 0.001

Diabetes mellitus 39.92 (38.88,40.97) 48.56 (41.16,56.02) 0.015

Hypertension 53.44 (51.75,55.12) 59.88 (53.07,66.33) 0.025

Hypothyroidism 9.18 (8.32,10.11) 9.73 (8.05,11.73) 0.470

Liver disease 18.50 (17.53,19.51) 19.25 (17.72,20.87) 0.359

Fluid and electrolyte disorder 58.22 (57.25,59.18) 65.88 (62.74,68.88)  < 0.001

Other neurological disorder 21.57 (20.75,22.42) 19.84 (18.25,21.52) 0.047

Peripheral vascular disease 11.79 (11.13,12.48) 15.91 (13.33,18.89)  < 0.001

Chronic renal failure 22.41 (21.11,23.76) 38.19 (34.61,41.91)  < 0.001

Valvular disease 15.12 (14.28,16.00) 27.17 (24.97,29.48)  < 0.001

Rheumatoid arthritis. collagen vascular disease 1.79 (1.54,2.07) 2.11 (1.57,2.84) 0.280

Intracardiac thrombus 1.59 (1.11,2.27) 1.96 (1.44,2.67) 0.359

Elixhauser comorbidities  < 0.001

  0 4.61 (3.82,5.54) 0.63 (0.38,1.03)

  1–4 63.43 (62.20,64.63) 48.63 (42.92,54.38)

  > 4 31.97 (30.21,33.78) 50.74 (45.09,56.37)

Chronic anticoagulation 4.26 (3.83,4.74) 5.59 (4.50,6.92) 0.006

Chronic antiplatelet 5.23 (4.72,5.79) 5.51 (4.43,6.85) 0.594

Vasopressor use 13.19 (11.32,15.31) 11.44 (9.41,13.84) 0.367

CABG 17.80 (16.93,18.70) 44.82 (40.93,48.77)  < 0.001

PCI 65.62 (64.27,66.95) 42.49 (38.33,46.75)  < 0.001

Thrombolysis 1.31 (1.10,1.55) 0.89 (0.58,1.36) 0.079

Coronary angiography 58.17 (55.24,61.05) 54.55 (52.53,56.55) 0.019

Invasive hemodynamic monitoring 26.94 (24.30,29.76) 26.87 (24.47,29.41) 0.975

MCS

  IABP 72.99 (71.78,74.18) 69.84 (68.03,71.59) 0.003

  Impella 29.69 (28.62,30.78) 30.68 (28.06,33.44) 0.445

  ECMO 5.15 (4.60,5.75) 8.25 (6.90,9.85)  < 0.001

CAD coronary artery disease, CABG coronary artery bypass grafting, ECMO extracorporeal membrane oxygenation, IABP intra-aortic balloon pump, MI myocardial 
infarction, PCI percutaneous coronary intervention, CVA cardiovascular accident, PPM permanent pacemaker, ICD implantable cardioverter defibrillator, MCS 
mechanical circulatory support
a Values are percentage or median (interquartile range)

Table 2  Comparison between in-hospital outcomes in the 
overall cohort

a Values are percentage or median (interquartile range)

In-hospital 
outcomesa

 < 48 h
n = 64,895

 > 48 h
n = 13,510

P-value

Acute ischemic stroke 3.60 (3.22,4.02) 5.74 (4.33,7.56) 0.008

In-hospital mortality 31.12 (30.13,32.13) 28.05 (23.75,32.80) 0.170

Acute kidney injury 50.40 (48.95,51.85) 61.73 (59.11,64.28)  < 0.001

Cardiac arrest 12.86 (12.12,13.64) 11.32 (9.40,13.59) 0.147

Major bleeding 29.72 (27.72,31.80) 43.19 (40.66,45.76)  < 0.001

Transfusion 10.60 (9.83,11.42) 15.14 (12.63,18.04) 0.001
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increased risk for stroke [7]. The incidence of ischemic 
stroke in hospitalizations undergoing ECMO varies 
from 4.2% to 15.0% [13, 30]. Veno-arterial (VA)-ECMO 
is frequently used as a femoral venous to femoral arterial 
circuit. It may increase the risk of stroke by necessitat-
ing systemic anticoagulation, encouraging aortic root or 
left ventricle thrombosis, elevating systemic inflamma-
tion, or inducing systemic hemolysis [12, 31]. Addition-
ally, North–South syndrome is a frequent complication 
of VA-ECMO with which patient’s blood has low oxygen 
content being expelled from the left heart due to insuffi-
cient lung function or ventilator assistance. Competition 
for deoxygenated blood from normal circulation results 
from the ECMO cannula’s retrograde input of oxygen-
ated blood from the femoral artery. It causes significant 
bilateral cerebral hypoxia [32]. In this study, we found 

that IABP was more used within 48 h, whereas Impella 
and ECMO were more used after 48 h, increasing the 
risk of stroke. Third, PCI was the most common revas-
cularization strategy in both patient types [1]. However, 
we found that more hospitalizations with late MCS ini-
tiation compared with those with early MCS underwent 
CABG therapy. In hospitalizations with CS, CABG can 
raise the risk of hypoperfusion and embolize atheromatic 
plaques from the ascending aorta during surgery, which 
can increase the risk of stroke [33, 34].

Fourth, MCS can lead to coagulation-related complica-
tions, including device-related thrombosis and throm-
boembolic phenomena. Supraphysiological shear stress 
exposure of blood cellular and protein constituents trave-
ling through these devices is central in this MCS-related 
coagulopathy. Shear-mediated platelet activation can 
stimulate coagulopathy and inflammation, which can 
result in thrombosis [35]. In addition, these devices also 
degrade von Willebrand Factor multimers [36]. Antico-
agulation with unfractionated heparin is the standard of 
care for preventing thromboembolic complications while 
on most types of MCS. Heparin-induced thrombocyto-
penia is thought to occur between 0.1% and 5.0% of the 
time and can result in venous and arterial thromboem-
bolism [37]. The presence of an endovascular device may 
increase this risk to a further extent. In our study, the 
hospitalizations with late initiation of MCS had a higher 
prevalence of coagulopathy. The resulting thrombocyto-
penia and acquired coagulopathy could increase the risk 
of strokes.

Fig. 2  Forest plot of multivariable regression analysis to predict in-hospital outcomes in overall hospitalizations. CI, confidence interval; aOR, 
adjusted odds ratio

Table 3  Comparison between in-hospital outcomes in the 
matched cohort

a Values are expressed as n (%)

In-hospital outcomesa  < 48 h
n = 2,704

 > 48 h
n = 2,704

P-value

Acute ischemic stroke 112 (4.14%) 154 (5.70%) 0.008

In-hospital mortality 759 (28.07%) 760 (28.11%) 0.976

Acute kidney injury 1448 (53.55%) 1668 (61.69%)  < 0.001

Cardiac arrest 310 (11.46%) 306 (11.32%) 0.864

Major bleeding 1041 (38.50%) 1170 (43.27%)  < 0.001

Transfusion 358 (13.24%) 408 (15.09%) 0.051

Fig. 3  Forest plot of multivariable regression analysis to predict in-hospital outcomes in propensity score–matched hospitalizations. CI, confidence 
interval; aOR, adjusted odds ratio
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This analysis further found that the late initiation group 
had a higher incidence of AKI and major bleeding. This 
can be explained by the fact that the late group included 
older hospitalizations with more comorbidities; the 
impact persisted even after adjustment for baseline char-
acteristics. On the other hand, the late group had higher 
utilization of Impella and ECMO. However, Impella and 
ECMO were associated with more bleeding and more 
AKI [38].

The present study has some limitations. First, iden-
tifying the specific causes of early versus late MCS 
initiation was impossible. The patient condition (the 
severity of CS and response to initial treatment), logis-
tics (staff and equipment availability), and institutional 
or provider preferences could have influenced the tim-
ing of MCS initiation. Second, we could not ascertain 
the actual CS onset, preventing us from determining 

the time from CS onset to MCS initiation, which could 
have been different from the time from admission to 
MCS initiation. In addition, a key limitation is the ina-
bility to establish temporal relationships between AIS 
and MCS in the NIS database, potentially affecting 
causal interpretation. Third, the administrative data-
base lacked clinical details, such as biochemistry analy-
ses, medications, and imaging data. In addition, since 
this is an observational study using retrospective data, 
selection bias and unmeasured confounding factors 
could not have been avoided; other possible sources 
of bias including coding errors and underreporting of 
secondary diagnoses might have existed. Nevertheless, 
numerous internal and external validations have been 
performed on the NIS. Moreover, to ensure the NIS 
database’s internal validity, yearly evaluations of data 
quality were carried out [39].

Fig. 4  Subgroup analyses of acute ischemic stroke for AMI-CS with early and late MCS. aOR, adjusted odds ratio; CABG, coronary artery bypass 
grafting; PCI, percutaneous coronary intervention
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Despite these limitations, the NIS is a large and reli-
able database containing hospitalized patient data from 
over 4,000 hospitals in over 30 states in the United States, 
which can be applied to the entire American population. 
Moreover, our study provides the largest contempo-
rary evaluation of the association between MCS initia-
tion delays and higher AIS rates in a large-scale national 
study. Further, using contemporary databases, we exten-
sively analyzed trends in the use of multiple MCS devices 
including IABP, Impella, and ECMO. Furthermore, 
robust analyses were performed before and after PSM; 
and subgroup analysis was also performed.

Conclusion
Among hospitalizations with AMI-CS, late initiation of 
MCS significantly increased the risk of AIS. It was also 
associated with increased risks of AKI and major bleed-
ing. Our study suggested that early initiation of MCS in 
hospitalizations with AMI-CS could reduce the risk of 
AIS and other complications. Further studies are needed 
to decipher the optimal timing of MCS initiation to 
improve outcomes in this critically ill population.
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