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Interventional cardiology

Clinical use and impact of mechanical
circulatory support for myocardial
infarction-related cardiogenic shock in
the Netherlands: a registry-based
propensity-matched analysis
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ABSTRACT

Background Despite limited beneficial evidence,
mechanical circulatory support (MCS) is commonly
used in patients with acute myocardial infarction-
related cardiogenic shock (AMI-CS). In this Dutch
registry, we investigated MCS usage, associated patient
characteristics and clinical outcomes.

Methods This real-world, multicentre registry included CS
patients undergoing percutaneous coronary intervention
between 2017 and 2021 in 14 Dutch hospitals. The impact
on clinical outcomes was analysed after 1:1 average
propensity-score (aPS) matching.

Results This AMI-CS registry included 2217

patients with a mean age of 66.4 (+=12.3) years

and predominantly male (72.8%, n=1613). MCS

was deployed in 516 patients (23.3%), of which the
intra-aortic balloon pump was used most frequently
(n=253, 49.0%). Impella was used in 94 patients
(18.2%), extracorporeal membrane oxygenation in 68
patients (13.2%) and 95 patients (18.4%) received
multiple devices. Patients receiving MCS were younger
(64.2 vs 67.0, p<0.01), presented with lower mean
arterial pressures (74.7 vs 78.4 mm Hg, p<0.01),
higher heart rates (88.3 vs 81.7 beats per minute,
p<0.01) and higher initial lactate levels (6.4 vs
5.4mmol/L, p<0.01). The percentage of resuscitated
patients was comparable among MCS and non-MCS
patients (38.6% vs 42.2%, p=0.17). The 30-day
mortality rate was higher in MCS patients (55.0% vs
34.7%, p<0.01). After aPS-matching (n=970), 30-day
mortality remained higher for MCS patients (53.8%
vs 44.7%, p<0.01), with an associated OR of 1.44
(95% Cl 1.12 to 1.85, p<0.01).

Conclusions Despite limited evidence, MCS was
used in a fourth of all AMI-CS patients. MCS usage
was associated with an increased 30-day mortality
in this real-world setting, even after propensity-
matching.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Mechanical circulatory support (MCS) usage is ris-
ing, despite limited evidence of benefit.

= Only the recently published DanGer Shock ftrial
demonstrated survival improvement with Impella in
a highly selected, non-comatose cardiogenic shock
(CS) population.

WHAT THIS STUDY ADDS

= In the Netherlands, one in every four acute myocar-
dial infarction-related CS patients received MCS.
The intra-aortic balloon pump was used most often.

= The present average propensity-score-matched
analysis describes real-world data of an unselected
cohort outside a trial setting. Here, MCS usage was
associated with a higher 30-day mortality, even af-
ter extensive confounder control.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The results of this study advocate a thorough risk—
benefit assessment of MCS in every individual.

= ldentifying patients who have the potential to benefit
from MCS remains a challenge and should be the
focus of future research.

INTRODUCTION

Cardiogenic shock (CS) is described as a life-
threatening condition of hypoxaemia and
end-organ hypoperfusion and is caused by
low-cardiac output. Although acute myocar-
dial infarction (AMI) is the primary cause
of CS, the presence of CS is only observed
in 3%-10% of all AMI patients.”” Whereas
mortality rates of AMI without CS have
decreased over the years, mortality rates in

BM) Group

Bogerd M, et al. Open Heart 2025;12:e002846. doi:10.1136/0penhrt-2024-002846

)

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq 920z udy T uo wod fwgesyuadoy/:sdny woly papeojumoq "SzZ0oz Arenigad /T Uo 98200-720Z-Myuado/9eTT 0T Se paysiignd 1siy :uesH uado


http://www.bcs.com
http://openheart.bmj.com/
https://doi.org/10.1136/openhrt-2024-002846
https://doi.org/10.1136/openhrt-2024-002846
http://orcid.org/0009-0002-2554-6352
http://crossmark.crossref.org/dialog/?doi=10.1136/openhrt-2024-002846&domain=pdf&date_stamp=2025-02-17

Open Heart 8

patients with CS due to AMI (AMI-CS) continue to linger
around 40%-50%.""

Mechanical circulatory support (MCS) seems an intui-
tive manner to assist the endangered circulation in AMI-CS
patients. Around 20%—-25% of the AMI-CS patients in
Europe are treated with MCS devices, including the
intra-aortic balloon pump (IABP), Impella, venoarterial-
extracorporeal membrane oxygenation (VA-ECMO) or a
combination of the aforementioned devices.”® In the USA,
around 40% of the AMI-CS patients receive MCS.? Since
the results of the IABP-SHOCK-II trial, the use of IABP
has rapidly decreased in the setting of AMI-CS.” "' The
use of Impella and VA-ECMO on the other hand has been
increasing ever since."'™"* The evidence from randomised
studies supporting the usage of MCS devices in patients
suffering from AMI-CS is, however, limited. In fact,
randomised controlled trials (RCTs) evaluating routine
use of MCS, including IABP and VA-ECMO, in AMI-CS
patients have not shown any survival benefit.'* "*"'7 Only
the recently published, long-awaited, DanGer Shock trial
demonstrated a survival benefit at 180 days of Impella
over standard of care alone (SOC) in a highly selected
ST-elevation myocardial infarction (STEMI) CS popula-
tion.'® This study is only recently published and various
subanalyses will be needed to understand its implications
for the overall field of CS.

Data on patient and procedural characteristics and clin-
ical outcomes in patients receiving MCS in the Nether-
lands are scarce. Obtaining a better understanding of the
treatment of AMI-CS patients, specifically the use of MCS,
could aid clinical decision-making and create awareness
for clinical outcomes. This large, real-world retrospective
registry, therefore, has three objectives. First, to evaluate
the extent of use of different MCS devices in AMI-CS
patients in the Netherlands. Second, to identify patient
characteristics associated with MCS usage and third, to
evaluate and compare clinical outcomes of MCS and non-
MCS patients in a real-world setting.

METHODS

Study design and population

Data on the baseline characteristics and outcomes of the
overall AMI-CS cohort have previously been published."
In short, all patients undergoing percutaneous coronary
intervention (PCI) in the Netherlands are prospectively
registered in the National Netherlands Heart Registration
(NHR), in which baseline, procedural and outcome data
are collected.” Online supplemental table 1 includes all
PCI centres participating in this NHR registration. To
perform an observational retrospective study including
patients with CS undergoing PCI, patients with CS under-
going PCI between January 2017 and September 2021
were identified through this registration. The CS diag-
noses were made by local clinicians at the time of hospital-
isation, based on the following definition: ‘the presence
of hypotension (systolic blood pressure (SBP) <90 mm
Hg for 230 min or support to maintain SBP 290 mm Hg)

and end-organ hypoperfusion (cold extremities and/or
oliguria <30mL/hour and/or heart rate 260 beats per
minute)’. For the present NHR-CS registry, additional
variables were retrospectively collected for the identified
CS patients in 14 hospitals, including data on the use and
type of MCS.

Patient and public involvement

This observational, retrospective study was conducted in
collaboration with the NHR. Patients were not involved
in the study design, conduct or result dissemination.

Statistical analysis

Normally distributed variables were displayed using mean
and standard deviation (SD) and statistical differences
were assessed using the two-samples t-test. Non-normally
distributed variables were displayed as median and inter-
quartile ranges (IQRs) and statistical differences were
assessed using the Mann-Whitney U test. Binary and cate-
gorical variables were displayed as counts and percent-
ages and statistical differences were assessed using the
test. Associations with 30-day mortality from any cause
were assessed using univariate logistic regression analysis.
Multivariable logistic regression and propensity-score
matching analysis were used to assess the association
between MCS and 30-day mortality while adjusting for
measured confounders. To this end, missing data were
imputed using multiple imputation by chained equation
using the R-package mice V.3.15.0. Variables with low
outflux (outflux <0.5) were removed before imputation.
The Nelson-Aalen estimate was calculated and used as
one of the standard predictors together with age, the
event-indicator (30-day mortality) and device usage for
all models. The average number of predictors was set to
25. Using predictive mean matching, 30 imputed datasets
were generated.

Propensity scores for each record were calculated using
the R-package MatchThem. Propensity-score calculations
were based on the following variables: (1) demographic
characteristics: age and sex, (2) characteristics regarding
medical history: renal function, body mass index (BMI)
and diabetes, (3) clinical presentation characteristics:
duration of complaints, (non-)STEMI ((N)STEMI) aeti-
ology, presence of out-of-hospital cardiac arrest (OHCA),
whether it was witnessed and the duration of OHCA till
the return of spontaneous circulation, mean arterial pres-
sure, heartrate, haemoglobin levels, lactate levels, glucose
levels and creatinine levels, the presence of in-hospital
cardiac arrest (IHCA) prior to PCI and at the catheteri-
sation laboratory, inotropes and vasopressors used before
PCI and whether the patient was intubated before admis-
sion to the intensive care unit or cardiac care unit and
(4) angiographic characteristics: the target vessel treated
with PCI and whether Thrombolysis in Myocardial Infarc-
tion (TIMI) 3 flow was achieved. The propensity scores
were then averaged across the imputed data sets.”’ The
averaged propensity scores (aPSs) were used to match
patients with MCS to patients without MCS in a 1:1 ratio
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with a calliper of 0.10, using the R-package MatchlIt. The
balance of potential confounders was assessed using the
absolute standardised mean difference (SMD). An SMD
<0.1 indicates a negligible difference between the two
groups.

For both the unmatched and aPS-matched cohorts,
the Kaplan-Meier method was used to construct survival
curves. The proportional hazards assumption was not
met based on the Schoenfeld-residuals method. There-
fore, no hazard ratios (HRs) are presented. The log-
rank statistic is presented, indicating the presence of an
overall difference, with a p<0.05 considered statistically
significant.

Subgroup analysis in the aPS-matched cohort was
performed for predefined subgroups including age
(below or above 65 years old), sex, BMI (below or above
30 kg/m?), history of diabetes, the presence of OHCA,
NSTEMI or STEMI aetiology, admission lactate level
(below or above 6.5mmol/L), mechanical ventilation,
the presence of multivessel disease and left main PCI,
using logistic regression analyses including the interac-
tion terms between MCS usage and the variables indi-
cating the subgroup. The reported p values represent
the p value of the interaction term. An interaction p<0.05
indicates that the association of MCS usage with 30-day
mortality differs significantly between the subgroups.

Statistical analyses were performed by using the statis-
tical software R V.4.1.3 (R Foundation for Statistical
Computing, https:/ /www.R-project.org) >

RESULTS

The cohort consists of 2217 AMI-CS patients with data
on device status and 30-day mortality registered. Of these
AMI-CS patients, 23.3% (n=516) received MCS (figure 1).
In the overall cohort, AMI-CS patients had a mean age of
66.4 (£12.3) years and 72.8% (n=1613) were male ((Visual
summary). Patients predominantly presented with STEMI
(86.1%) and with a duration of symptoms less than 3hours
(59.1%). OHCA occurred in 914 patients (41.3%). The base-
line lactate value was 5.6 (2.7-9.5) mmol/L (online supple-
mental table 2).

In the unmatched cohort, patients who received MCS
were younger (64.2 vs 67.0, p<0.01), presented less often
with a symptom duration of below 3hours (49.4% vs
62.0%, p<0.01), presented with lower mean arterial pres-
sures (74.7 vs 78.4mm Hg, p<0.01), higher heart rates
(88.3 vs 81.7 beats per minute, p<0.01) and a higher
initial lactate levels (6.4 vs 5.4mmol/L, p<0.01) (visual
summary). The number of patients who presented
after an OHCA was similar between MCS and non-MCS
patients, namely 38.6% and 42.2%, respectively (p=0.17).
Although there is a significant shift in usage of IABP
towards Impella, ECMO or a combination of devices
over the years (JABP: p<0.001) (figure 2), the majority
of MCS patients in this cohort (n=253, 49.0%) received
an IABP. The Impella device was used in 94 patients
(18.2%) and ECMO was deployed in 68 patients (13.2%).

2217 patients with
AMI-related
cardiogenic shock
516 patients 1701 patients
(23%) with (77%) without
MCS MCS
Propensity-score
matching based on 34
variables
v
970 matched patients
with AMI-related
cardiogenic shock
485 matched 485 matched
patients (50%) patients (50%)
with MCS without MCS
Figure 1 Study flow chart. AMI, acute myocardial infarction;

MCS, mechanical circulatory support; (N)STEMI, (non-)ST-
elevated myocardial infarction.

A combination of multiple devices (simultaneously or
consecutively) was used in 95 patients (18.4%) (table 1).
The baseline characteristics per device category can be
found in online supplemental table 3A.

Patients with MCS had significantly higher levels of
peak troponin (9796 vs 3033ng/L, p<0.01), CK-MB
(454 vs 180IU/I, p<0.01) and lactate levels after PCI
(4.1 vs 2.7mmol/L, p<0.01). Moreover, MCS patients
had longer lengths of hospital stay (6.0 vs 5.0days,
p=0.05) and higher 30-day mortality rates (55.0% vs
34.7%, p<0.01) (visual summary, table 2 and figure 3A).
The unadjusted odds ratio (OR) for 30-day mortality
for patients with MCS compared with patients without
MCS was 2.30 (95% CI 1.88 to 2.81). Moreover, 30-day
mortality was highest in patients treated with multiple
devices (66.3%), followed by VA-ECMO-supported
patients (60.3%), Impella-supported patients (56.4%)
and lastly IABP-supported patients (48.6%) (online
supplemental table 4A). Online supplemental figure 1A
illustrates Kaplan-Meier (KM) curves for each device,
including the unadjusted ORs.

Multivariable analysis was performed to adjust for
relevant confounders (online supplemental table 5). In
adjustment for various confounders, the use of MCS in
AMI-CS patients was associated with a 67% higher risk of
30-day mortality, compared with non-MCS patients (OR
1.67 (95% CI 1.19 to 2.35)).
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Figure 2 Use of MCS devices. ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; MCS,

mechanical circulatory support.

Propensity-score-matched analysis

aPS-matching resulted in 970 AMI-CS patients, of whom
485 patients received MCS and 485 patients did not. Base-
line and angiographic characteristics were well distrib-
uted between MCS and non-MCS patients, as illustrated
in table 1. The majority of patients with MCS received
IABP (50.3%). Impella was used in 91 patients (18.8%)
and VA-ECMO in 60 patients (12.4%). A combination
of multiple devices was used in 17.3% of the MCS popu-
lation. The baseline characteristics per device of the
matched cohort can be found in online supplemental
table 3B.

After aPS-matching, patients who received MCS
showed significantly higher values of troponin (9390 vs
3715ng/L, p<0.01), CK-MB (449 vs 2051U/1, p<0.01)
and lactate levels after PCI (4.0 vs 3.0 mmol/L, p<0.01).
The difference in length of stay became more outspoken
(7.0 vs 4.0days, p<0.01). The 30-day mortality differ-
ence observed in the unmatched cohort persisted after
aPS-matching, namely 53.8% in the MCS patients and
44.7% in the non-MCS patients (visual summary, table 2
and figure 3B). The 30-day mortality was still highest in
patients treated with multiple devices (64.3%), followed
by VA-ECMO-supported patients (60.3%), Impella-
supported patients (56.0%) and lastly IABP-supported
patients (47.5%) (online supplemental table 4B). In

the matched cohort, the OR of MCS on 30-day mortality
was 1.44 (95% CI 1.12 to 1.85, p<0.01). Compared with
no device, the OR of IABP on 30-day mortality was
1.12 (95% CI 0.82 to 1.52), whereas the OR of Impella
and ECMO were 1.57 (95% CI 1.00 to 2.48) and 1.85
(95% CI 1.08 to 3.23), respectively. Multiple devices
exhibited an OR of 2.22 (95% CI 1.38 to 3.63) (online
supplemental figure 1B—KM-curves per device).

Subgroup analyses

No significant subgroup differences in the association
between MCS and 30-day mortality were found in the
matched cohort, as apparent from the non-significant
interaction terms (figure 4). The OR of MCS on 30-day
mortality for each subgroup is illustrated in figure 4.

DISCUSSION

To our knowledge, this study describes the largest
PS-matched (n=970) analysis of MCS versus non-MCS
in the setting of AMI-CS in Europe. In addition, metic-
ulous (measured) confounder control was used for this
aPS-matched analysis. Beyond demographic factors,
matching parameters encompassed indicators of shock
severity, particular risk modifiers and angiographic meas-
urements.

Bogerd M, et al. Open Heart 2025;12:€002846. doi:10.1136/openhrt-2024-002846

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq 920z udy T uo wod fwgesyuadoy/:sdny woly papeojumoq "SzZ0oz Arenigad /T Uo 98200-720Z-Myuado/9eTT 0T Se paysiignd 1siy :uesH uado


https://dx.doi.org/10.1136/openhrt-2024-002846
https://dx.doi.org/10.1136/openhrt-2024-002846
https://dx.doi.org/10.1136/openhrt-2024-002846
https://dx.doi.org/10.1136/openhrt-2024-002846
https://dx.doi.org/10.1136/openhrt-2024-002846

Interventional cardiology

Table 1 Baseline characteristics
Unmatched study cohort Matched study cohort
No MCS MCS Missing No MCS MCS
(n=1701) (n=516) P value data (n=485) (n=485) SMD
Demographics
Age, years (+SD) 67.0 (+12.9) 64.2 (+12.5) <0.01 0.0% 64.2 (+13.1) 64.6 (+12.2) 0.03
Male, n (%) 1228 (72.2) 385 (74.6) 0.305 0.0% 363 (74.8) 361 (74.4) <0.01
Medical history
Diabetes, n (%) 323(19.8) 115 (23.6) 0.08 4.6% 120 (25.8) 110 (24.1) 0.04
eGFR<60 mL/min, n (%) 704 (45.2) 256 (53.8) <0.01 8.2% 251 (57.2) 239 (53.3) 0.08
Prior coronary event*, n (%) 449 (28.4) 127 (27.1) 0.61 7.6% 124 (27.8) 119 (27.0) 0.02
BMI, kg/m? (= SD) 26.6 (+4.5) 27.0 (x4.7) 0.14 18.4% 27.1 (x4.8) 26.9 (x4.7) 0.03
Clinical presentation
STEMI, n (%) 1466 (86.2) 443 (85.9) 0.91 0.0% 412 (84.9) 417 (86.0) 0.03
Duration of symptoms
<3hours 912 (62.0) 217 (49.4) <0.01 13.8% 208 (49.6) 205 (49.8) <0.01
>12hours 288 (19.6) 127 (28.9) <0.01 13.8% 117 (27.9) 117 (28.4) <0.01
OHCA, n (%) 716 (42.2) 198 (38.6) 0.17 0.3% 191 (39.4) 187 (38.8) 0.01
OHCA witnessed, n (%) 0.04 1.6% 0.01
Unwitnessed 111 (6.6) 26 (5.2) 26 (5.4) 25(5.3)
Witnessed 579 (34.5) 150 (29.8) 146 (30.5) 142 (30.1)
OHCA duration, n (%) <0.01 4.2% 0.06
<30min 516 (31.5) 93 (19.1) 84 (18.3) 91 (20.0)
>30min 150 (9.2) 75 (15.4) 78 (15.1) 68 (14.9)
IHCA, n (%) 211 (12.5) 70 (13.6) 0.55 0.4% 73 (15.1) 65 (13.4) 0.05
MAP, mm Hg (+ SD) 78.4 (+24.0) 74.7 (+24.2) <0.01 12.9% 76.0 (x23.4) 75.4 (x24.3) 0.02
Heart rate, bpm (< SD) 81.7 (£28.8) 88.3 (£28.7) <0.01 13.8% 90.0 (+30.9) 88.2 (+29.0) 0.06
Haemoglobin at admission, mmol/L 8.3 (x1.4) 8.3 (x1.5) 0.91 4.9% 8.4 (x1.4) 8.3 (x1.4) 0.03
(=SD)
Glucose at admission, mmol/L (IQR) 11.8(8.7-16.6)  13.5(9.6-19.0) <0.01 11.0% 13.9 (9.7-19.4) 13.5 (9.6-18.8) 0.08
Lactate at admission, mmol/L (IQR) 5.4 (2.5-9.0) 6.4 (3.4-11.4) <0.01 34.2% 7.3(3.2-11.2) 6.3 (3.2-10.5) 0.07
Creatinine at admission, mmol/L IQR) ~ 99.0 (81.0-121.0) 104.0 (84.0-128.0)  <0.01 9.0% 107.0 (87.3-128.8)  104.0 (84.5-127.0) 0.05
Mechanical ventilation, n (%)
Intubated before PCI 762 (45.0) 239 (46.5) 0.587 0.5% 230 (47.6) 227 (47.0) 0.01
Intubated at cathlab 755 (44.7) 300 (58.4) <0.01 0.7% 274 (57.3) 271 (56.1) 0.03
Inotropes before PCI, n (%)
Norepinephrine 505 (30.2) 205 (40.4) <0.01 1.7% 187 (39.5) 186 (39.0) <0.01
Dobutamine 94 (5.6) 65 (12.8) <0.01 1.4% 60 (12.7) 56 (11.8) 0.03
Enoximone/milrinone 70 (4.2) 55(10.8) <0.01 1.0% 52 (10.9) 46 (9.6) 0.04
Epinephrine 480 (29.1) 157 (31.4) 0.34 2.9% 160 (34.2) 147 (31.3) 0.06
Dopamine 11(0.7) 2(0.4) 0.74 1.0% 1(0.2) 2(0.4) 0.04
Periprocedural cardiac arrest, n (%) 294 (17.3) 151 (29.3) <0.01 0.3% 143 (29.6) 133 (27.5) 0.05
LVEFt, % (= SD) 36.3 (= 11.1) 29.9 (= 10.9) <0.01 46.7% 32.1 (= 10.7) 30.3 (+ 10.96) 0.17
Angiographic characteristics
Multivessel disease, n (%) 981 (58.2) 354 (68.7) <0.01 0.7% 332 (69.5) 327 (67.6) 0.04
PCI performed, n (%)
LM 169 (10.9) 110 (24.0) <0.01 9.3% 94 (21.8) 94 (21.8) <0.01
LAD 673 (43.4) 242 (52.7) <0.01 9.3% 236 (54.8) 227 (52.7) 0.04
LCx 327 (21.1) 124 (27.0) <0.01 9.3% 106 (24.6) 117 (27.1) 0.06
Continued
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Table 1 Continued
Unmatched study cohort Matched study cohort
No MCS MCS Missing No MCS MCS
(n=1701) (n=516) P value data (n=485) (n=485) SMD
RCA 623 (40.1) 135 (29.4) <0.01 9.3% 115 (26.7) 132 (30.6) 0.09
Graft 23(1.5) 6(1.3) 0.96 9.3% 4(0.9) 6 (1.4) 0.04
TIMI three flow after PCI, n (%) 1207 (81.6) 342 (78.8) 0.23 13.7% 325 (80.4) 317 (78.1) 0.06
Mechanical circulatory support devices
Device type, n (%) <0.01 3.0% N/A
ECMO, n (%) 0(0.0) 68 (13.2) 0(0.0) 60 (12.4)
IABP, n (%) 0(0.0) 253 (49.0) 0(0.0) 244 (50.3)
Impella, n (%) 0(0.0) 94 (18.2) 0(0.0) 91 (18.8)
Multiple devices, n (%) 0(0.0) 95 (18.4) 0(0.0) 84 (17.3)
Other, n (%) 0(0.0) 6(1.2) 0(0.0) 6(1.2)
No device, n (%) 1701 (100.0) 0(0.0) 485 (100.0) 0(0.0)
Time of MCS implantation, n (%) <0.01 2.0% N/A
Before arrival at cathlab 0(0.0) 76 (14.9) 0(0.0) 71 (14.8)
At cathlab 0(0.0) 374 (73.2) 0(0.0) 348 (72.6)
Atter departure from cathlab 0(0.0) 60 (11.7) 0(0.0) 60 (12.5)

*Prior coronary event includes prior myocardial infarction and/or prior coronary revascularisation with PCI or CABG.

TLVEF measured 2 hours before up to 24 hours after PCI.

BMI, body mass index; CABG, Coronary artery bypass grafing; ECMO, extracorporeal membrane oxygenation; eGFR, estimated glomerular
filtration rate; IABP, intra-aortic balloon pump; IHCA, in-hospital cardiac arrest; LAD, left anterior descending; LCx, left circumflex; LM, left
main; LVEF, left ventricular ejection fraction; MAP, mean arterial pressure; MCS, mechanical circulatory support; NA, not applicable; OHCA,
out-of-hospital cardiac arrest; PCI, percutaneous coronary intervention; RCA, right coronary artery; SMD, standardised mean difference;
STEMI, ST-elevated myocardial infarction; TIMI, Thrombolysis in Myocardial Infarction.

Overall, 23% of the AMI-CS patients in this cohort
received a form of MCS. Patients who received MCS
were younger, often had longer duration of complaints
and had a worse haemodynamic profile including higher
lactate levels on admission, compared with patients not
receiving MCS. The number of resuscitated patients
prior to admission was similar in the MCS and non-
MCS cohort. Importantly, patients who received MCS
had a higher 30-day mortality. After aPS-matching, MCS
patients still had a 44% higher risk of mortality in the
first 30 days after the onset of AMI-CS. Although the use
of IABP was demonstrated to have no effect, more inva-
sive devices such as Impella and ECMO imply even an
harmful effect on 30-day mortality. Subgroup analyses
in the matched cohort did not reveal significant inter-
actions between various subgroups and 30-day mortality,
indicating an overall association between MCS and a
higher 30-day mortality.

Currently, the evidence from randomised studies
supporting the usage of MCS devices in patients suffering
from AMI-CS is limited. The IABP-SHOCK-II trial
(n=600) evaluating IABP in AMI-CS patients and the
ECLS-SHOCK (n=420) evaluating VA-ECMO in AMI-CS
patients showed no clinical outcome improvements asso-
ciated with device usage.'”'” 7 The recently published,
long-awaited, DanGer Shock trial (n=360) demonstrated

a survival benefit of Impella over SOC, although in a
highly selected STEMI-CS population.'®

Nonetheless, our study shows that MCS devices were
used in 23% of the Dutch AMI-CS cases, which is compa-
rable with other European countries’® and slightly less
compared with the USA.? Unlike several other European
countries, the utilisation of the IABP in the Netherlands
remains notably high as approximately 35%-70% of the
MCS devices used were IABP, as illustrated in figure 2.
This is in contrast to the widespread abandonment of
IABP in other European nations following the publi-
cation of the IABP-SHOCKAII trial.” "' * The enduring
popularity of IABP in the Netherlands might be attrib-
utable to its relatively low costs, low complication rate
and ease of use compared with Impella and VA-ECMO.
In addition, it is mandatory for all Dutch PCI centres
to have an IABP available. Noteworthy, the current ESC
guidelines assign a class 3 indication for the use of IABP
in the setting of AMI-CS, whereas Impella and VA-ECMO
hold a class 2b recommendation in the same guideline.
This guideline does, however, not yet incorporate the
most recent RCTs evaluating VA-ECMO nor Impella in
the setting of AMI-CS.**

In contrast to the neutral effect of IABP and VA-ECMO
on 30-day mortality found in two well-powered RCTs
and the observed benefit of Impella on 180-mortality in
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Table 2 Clinical course

Unmatched study cohort Matched study cohort
No MCS MCS Missing No MCS MCS
(n=1701) (n=516) P value data (n=485) (n=485) P value
Postprocedural treatment
Inotropes after PCI, n (%)
Norepinephrine 1080 (64.6) 425 (83.3) <0.01 1.7% 352 (73.8) 396 (83.2) <0.01
Dobutamine 396 (23.7) 251 (49.8) <0.01 2.0% 128 (27.1) 232 (49.1) <0.01
Enoximone/milrinone 215(12.9) 192 (37.9) <0.01 1.4% 95 (20.1) 174 (36.6) <0.01
Epinephrine 183 (11.1) 128 (25.4) <0.01 2.4% 93 (20.1) 115 (24.4) 0.04
Dopamine 36 (2.2) 10 (2.0) 0.45 1.5% 7(1.5 10 (2.1) 0.25
Laboratory values
Troponin*, ng/L (IQR) 3033 (703-8350) 9796 (1996-20363) <0.01 16.6% 3715(1098-9178) 9390 (1981-20100) <0.01
CK-MB*, IU/L (IQR) 180 (61-380) 454 (160-736) <0.01 50.9% 205 (77-529) 449 (167-731) <0.01
Lactate after PCIt, mmol/L (IQR) 2.7 (1.7-4.6) 41(2.3-7.2) <0.01 37.0% 3.0 (2.0-5.7) 4.0(2.3-7.1) <0.01
Clinical outcome
Admission duration, days (IQR) 5.0 (2.0-11.0) 6.0 (1.0-15.3) 0.05 22.5% 4.0 (1.0-10.0) 7.0 (1.0-16.0) <0.01
Permanent VAD, n (%) 4(0.2) 13 (2.5) <0.01 0.0% 4(0.8) 12 (2.5) 0.08
HTx, n (%) 0(0.0) 3(0.6) 0.01 0.0% 0(0.0) 3(0.6) 0.25
Mortality after 30 days, n (%) 591 (34.7) 284 (55.0) <0.01 0.0% 217 (44.7) 261 (53.8) <0.01
Mortality after 365 days, n (%) 487 (40.6) 225 (56.1) <0.01 27.8% 178 (51.3) 211 (55.5) 0.29

*Highest value within 1-3 days after admission.
THighest value within 6-24 hours after PCI.

HTx, heart transplantation; MCS, mechanical circulatory support; PCI, percutaneous coronary intervention; VAD, ventricular assist

device.

the DanGer Shock trial,12 151718 this aPS-matched anal-
ysis demonstrated that MCS usage was associated with
a higher 30-day mortality. This association appeared
approximately 7days after MCS device implantation.
Possibly, these findings are due to residual unmeasured
and, therefore, unmatched confounding. However,
several other reasons might also explain these differences
in outcome between the aforementioned RCTs and this
aPS-matched analysis. The present aPS-matched analysis
describes real-world data of an unselected cohort outside

A Kaplan-Meier Curve
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Figure 3
circulatory support.

a trial setting. While the DanGer Shock trial handled very
strict patient-selection criteria, MCS devices might be
applied too often in patients unable to benefit from it
in the real world. Perhaps, the increased mortality after
7days is merely a reflection of the expanded survival
in patients who were actually beyond survival from the
start. In a trial setting, patients are often extensively
monitored, which may result in lower adverse event rates
compared with the ‘actual’ rates. High complication rates
are not uncommon in patients receiving MCS.® Perhaps,

Kaplan-Meier Curve
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(A) Kaplan-Meier curve of the unmatched cohort. (B) Kaplan-Meier curve of the matched cohort. MCS, mechanical
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Subgroup analyses

Subgroup N plot OR 95%CI p-value
All patients 970 :-l— 144 (1.12 - 1.85) <0.01
Sex i 0.13
Male 724 i—l— 1L6ANN(1E200=82516))
Female 246 _.._ 1.03 (063 -1.70)
Age i 0.08
<65 years 493 i—l— 181 (126 -261)
>65 years 477 - 115 (080 - 1.66)
BMI i 0.30
<30 610 i—l— 158 (114 -220)
>30 161 i —8——229 (123 -435)
Diabetic i 0.69
No diabetes 692 E—l— 141 (1.04 - 190)
Diabetes 230 f—l— 159 (094 -272)
OHCA i 0.76
No 589 i—l— 150 (1.08 - 2.08)
Yes 378 HE— 138 (092 - 2.08)
STEMI/nSTEMI i 0.63
STEMI 829 i‘-— 141 (1.07 - 1.86)
nSTEMI 141 -E—l— 169 (086 - 3.35)
Admission Lactate i 0.09
<6.5 mmol/L 337 i —— 203 (130-320)
>6.5 mmol/L 361 -II— 119 (0.77 - 1.83)
Mechanical Ventilation i 0.40
Not intubated 383 i—l— 181 (1.17 - 2.80)
Intubated 578 E—I— 143 (1.02 - 2.00)
Multivessel disease (MVD) i 0.34
No MVD 303 _.._ 121 (0.77 - 1.92)
MVD 659 i-l— 158 (1.16 - 2.15)
left main (LM) PCI i 0.47
No LM PCI 674 i—l— 157 (1.16 - 2.13)
LM PCI 188 - 124 (0.70 - 2.21)
* The p-val presents the intersction pvalue. | | [ I 1
1 2 3 4

Figure 4 Association between mechanical circulatory support (MCS) use and 30-day mortality in subgroups of interest from
the matched study. The p-value represents the interaction p-value. BMI, body mass index; LM, left main; MVD, multivessel
disease; OHCA, out-of-hospital cardiac arrest; PCI, percutaneous coronary intervention; (N)STEMI, (non-)ST-elevated

myocardial infarction.

the potential beneficial effects of MCS devices might not
outweigh the negative effects of MCS devices outside a
trial setting. The occurrence of fatal complications would
also underscore the observed late increased mortality
in the MCS cohort. Moreover, unblinded trials like the
DanGer Shock trial risk treatment bias. As a matter of fact,
as in the DanGer Shock trial, we also found that patients
treated with MCS more often received permanent ventric-
ular assist devices or heart transplantation. Therefore, it
is still unclear whether MCS in itself is associated with
better outcomes or with a more liberal use of permanent
cardiac replacement therapy. Furthermore, higher peak
troponin and CK-MB levels after PCI were observed in
the MCS vs non-MCS patients from our matched cohort,
indicating that these patients suffered larger myocardial

. . . . . 95
damage, which is associated with a worse prognosis.”

This could be attributable to residual confounding.
However, MCS devices themselves might also negatively
affect infarct size. The CRISP-AMI RCT trial revealed a
trend towards larger infarct sizes after IABP-assisted PCI
and preclinical studies also report an association between
VA-ECMO and increased infarct size or increased LV
oxygen demand.”***® On the contrary, preclinical animal
studies have shown that Impella is associated with infarct-
size reduction, probably due to a decreased myocardial
oxygen demand through unloading of the left ventricle.”
It is noteworthy, however, that there is currently no
evidence confirming the existence of this association in
humans. The primary publication of the DanGer Shock
does not report infarct sizes unfortunately.'

8

Bogerd M, et al. Open Heart 2025;12:€002846. doi:10.1136/openhrt-2024-002846

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq 920z udy T uo wod fwgesyuadoy/:sdny woly papeojumoq "SzZ0oz Arenigad /T Uo 98200-720Z-Myuado/9eTT 0T Se paysiignd 1siy :uesH uado



Interventional cardiology

Alarge proportion of patients in this NHR-CS received
vasopressors and inotropes. MCS and non-MCS patients
were matched on inotropes prior to PCI. After PCI,
however, MCS patients were more frequently treated
with inotropes and vasopressors. To date, no evidence
exists of their beneficial effects. The NORSHOCK trial
(NCT05168462) is evaluating the effect of lower dosages
of noradrenalin. In line with this hypothesis, one could
hypothesise that the potential beneficial effects of MCS
usage in patients might have been more outspoken if
patients had received fewer vasopressors prior to MCS.

Finally, more than 40% of the patients in our cohort
presented after an OHCA and approximately 13% expe-
rienced an IHCA. The question remains whether these
patients were able to benefit from the potential bene-
ficial effects of MCS devices because of possible brain
damage.8 % However, no significant interactions between
various subgroups and MCS usage with 30-day mortality
were found in our study.

In summary, this extensive, real-world registry revealed
a higher 30-day mortality in patients who received MCS,
even after meticulous (measured) confounder control
through aPS matching. This observed higher 30-day
mortality may be attributed to an overall limited or poten-
tially harmful effect of (some) MCS devices. Alternatively,
the potential clinical outcome benefits may be overshad-
owed by the adverse effects of associated complications.
But for most, identifying the right patients who have the
potential to benefit from MCS remains a challenge. This,
along with the high associated costs and potential adverse
effects, advocates a thorough risk-benefit assessment in
every individual. The results of this study highlight the
importance of patient selection and the caution that
is required when extrapolating the findings from the
DanGer shock beyond the enrolled population.

Limitations

This study has several limitations. Extensive aPS matching
was performed to control for confounding. However,
residual confounding cannot be excluded. Second, aPS
matching was performed for MCS versus non-MCS and
comparisons per device type should therefore be inter-
preted as hypothesis generating. In addition, the retro-
spective study design led to encountering missing data,
thereby limiting the interpretability of some important
variables. Missing percentages per variable are, however,
reported to enhance transparency. Last, some impor-
tant variables including clinical signs of shock and the
SCAI Shock stages per patient are unknown. In addition,
complication rates were not collected.

CONCLUSION

In this cohort of AMI-CS patients undergoing PCI in
the Netherlands, MCS was used in 23% of all patients.
IABP was used in approximately half of the MCS popu-
lation. The MCS population was younger and presented
with a worse haemodynamic profile compared with

the non-MCS population. In this large, real-world, aPS-
matched analysis, MCS usage was associated with an
increased 30-day mortality.
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