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Can a mechanical circulatory
support comprehensive approach
to cardiogenic shock at referral
centers reduce 30-day mortality?
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Although mortality risk prediction in cardiogenic shock (CS) is possible, assessing
the impact of the multitude of therapeutic efforts on outcomes is not
straightforward. We assessed whether a temporary mechanical circulatory
support comprehensive approach to the treatment of CS may reduce 30-day
mortality as compared to expected mortality predicted by the recently
proposed Cardiogenic Shock Score (CSS). Consecutive CS patients supported
by pVAD Impella (Abiomed, Danvers, MA) at two national referral centers were
included. 170 patients were included: age was 65+ 13 years, and 75.9% were
male and acute myocardial infarction was the prevalent cause of shock (71.1%).
Expected mortality according to CSS was higher than observed (51.8% vs. 41.5%,
p <0.001), this trend being particularly evident for CSS>4. The AUC ROC curve
confirmed poor diagnostic accuracy in this population (AUC 0.53 ClI: 0.23-0.82,
p = 0.83). The lower observed mortality compared to the expected mortality in
critical cardiogenic shock population underscores the role of a comprehensive
approach to acute cardiac care patients at referral centers, which should
consider including temporary mechanical circulatory support.

KEYWORDS

cardiogenic shock, mortality, risk score, mechanical circulatory support, Impella,
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Introduction

Despite significant advancements in the treatment of cardiogenic shock (CS),
including mechanical circulatory support, its mortality has remained high (1).
Therefore, the stratification of patients’ mortality risk is of great clinical interest to
guarantee to each patient the most appropriate type and timing of treatments (2).
Recently, the novel Cardiogenic Shock Score (CSS) has emerged as a powerful and
easily implemented tool (3) to predict the outcome of patients irrespective of the cause
of CS and the type of treatment received, showing superior predictive ability compared
to established scores (4, 5). Although CS outcome prediction is possible, assessing the
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impact of the multitude of therapeutic efforts on outcomes remains
challenging in critically ill patients.

The present study aimed to assess whether a mechanical
circulatory support comprehensive approach to the treatment of
CS with percutaneous ventricular assist devices (pVAD) may
reduce 30-day mortality compared to the expected mortality
predicted by the recently proposed CSS.

Methods

Consecutive patients with CS (6) treated with Impella 2.5,
Impella CP, Impella 5.0, or Impella RP in IRCCS San Raffaele
Scientific Institute, Milan, Italy and Institute of Cardiology and
Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome;
Italy from 2013 to 2018 were included. Briefly, data related to
medical history, procedural characteristics, 30-day and one-year
outcomes were collected from each centre and included in a pre-
specified structured data set. Adverse events were then
adjudicated by two independent cardiologists using source
documents provided by each center. The collection of data at
each participating site was performed according to the policies of
the local institutional review board/ethics committee.

The primary objective of the study was to assess the effect of a
comprehensive approach to cardiogenic shock at referral centers,
encompassing temporary mechanical circulatory support (tMCS),
on 30-day mortality risk, as assessed by the novel CSS. In
addition, the composite of all-cause death, rehospitalization for
heart failure, left ventricle assist device implantation, or heart
transplantation (HT), overall referred to as major adverse cardiac
events (MACE) was evaluated at 1 year.

Categorical variables are reported as counts and percentages,
whereas continuous variables as mean and standard deviation or
median and interquartile range (IQR). Gaussian or non-Gaussian
distribution was evaluated with the Kolmogorov-Smirnov test.
The t-test was used to assess differences between normally
distributed continuous variables, paired or unpaired according to
the tested variable, the Mann-Whitney U test for non-Gaussian

variables, the ;(2

test for categorical variables (expected vs.
observed mortality), and Fisher exact test for 2x2 tables. The
distribution of the population and predicted and observed
mortality within risk categories were calculated and evaluated by
XY correlation.

The discriminative ability of the risk prediction model was assessed
by the area under the receiver operating characteristic (ROC) curve
(AUC) or c-statistic. A two-sided p-value <0.05 was regarded as
statistically significant. Analyses were performed with SPSS®™ Statistics

v24 and STATA v17 (StataCorp, College Station, Texas).

Results

One hundred and seventy patients were included in the
analysis: the mean age was 65+ 13 years, and 75.9% were male.
Patients’ characteristics are shown in Table 1. Acute myocardial
infarction was the prevalent cause of shock, accounting for 71.1%
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TABLE 1 Patients’ characteristics.

Poramerer ____________vaue |

Baseline characteristics

Age, years 653+13.0
Male gender, n 129 (75.9)
BMI 262+4.6
Smoking, n 68 (40.0)
Hypertension, n 76 (44.7)
Dyslipidemia, n 62 (36.5)
Diabetes Mellitus, n 47 (27.6)
Prior Myocardial infarction, n 52 (30.6)
Prior TIA or Stroke, n 9 (5.3)
Prior PCI, n 54 (31.8)
Prior CABG, n 9 (5.3)
PAD, n 21 (12.4)
Chronic heart failure, n 45 (26.5)
Atrial fibrillation, n 16 (9.4)
Chronic Kidney Disease, n 33 (19.4)
Baseline Lactates, mmol/L 6.6 54
Lactates >2 mmol/L, n 106 (62.4)
Baseline Creatinine, mg/dl 1.6+1.3
Baseline Haemoglobin, g/dl 122+£23
Glucose level at presentation, mg/dl 2153+91.8
Ejection Fraction, % 237+12.1
Heart Rate, bpm 95+ 25
MAP, mmHg 64.9£19.9
Inotropic therapy, n 131 (77.1)
>1 inotrope, n 101 (59.4)
Mechanical Ventilation, n 132 (77.6)
Etiology of Cardiogenic Shock

STEML, n 90 (52.9)
NSTEMI, n 31 (18.2)
Acute Myocarditis, n 10 (5.8)
VT Ablation, n 9 (5.3)
Other, n 30 (17.8)
Other MCS support

IABP, n 66 (38.8)
ECMO, n 58 (34.1)
Treatment Escalation

ECMO, n 24 (14.1)
VAD, n 10 (5.8)
Heart Transplantation, n 2(1.2)
ECMO + VAD, n 5(2.9)
ECMO + VAD + Heart Transplantation, n 3 (1.8)
CCS Score

<4 44 (25.8)
5-8 81 (47.6)
>9 45 (26.5)

Values are expressed as number (percentage) or mean + standard deviation.

BMI, body mass index; TIA, transient ischemic attack; PCI, percutaneous coronary
intervention; CABG, coronary artery bypass graft; PAD, peripheral artery disease; MAP,
mean arterial pressure; OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary
resuscitation; STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-Elevation
myocardial infarction; VT, ventricular tachycardia; IABP, intra-aortic balloon pump;
ECMO, extracorporeal membrane oxygenator; VAD, ventricular assist device.

of cases. Mean arterial pressure at presentation at implantation
was 64.9 £ 19.9 mmHg, mean heart rate was 95+ 25 bpm. Mean
lactates were 6.6+54 mg/dl, mean baseline creatinine was
1.6 + 1.3 mg/dl and mean blood glucose was 215.3 + 91.8 mg/dl.
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The prevalent etiology of CS was ischemic due to acute
infarction 52.9%; 24.7% of the
patients experienced out-of-hospital cardiac arrest and 77.6%

ST-elevation myocardial
required mechanical ventilation. Pharmacological
in 77.1%
Cardiopulmonary resuscitation (CPR) was rapidly effective
(<30 min) in 20% of patients, whereas 6% required extensive
CPR (>30 min) and 14.7% experienced refractory cardiac

support

with catecholamines was needed of patients.

arrest. Mean duration of Impella support was 96+ 154 h,
34.1% of patients were previously or concomitantly supported
with veno-arterial extracorporeal membrane oxygenation (VA
ECMO), 38.8% patients received intra-aortic balloon pump
before Impella support, and 59.4% were treated with more
than 1 inotrope. The most used device was Impella 2.5, in
66.5% of cases. After the implantation of the Impella device,
escalation of mechanical circulatory support or heart
transplantation was performed in one quarter of patients
(24 patients were upgraded to VA ECMO support, 10 patients
eventually received a durable left ventricular assist device,
2 patients underwent cardiac transplantation, and 8 patients
required a combination of advanced support techniques).
Regarding the calculation of the CCS score, the population was
distributed as follows: 25.8% of the patients had a CSS <4, 47.6%
scored between 5 and 8, and 26.5% of patients scored >9.
Expected 30-day mortality according to CSS was higher than
observed (51.8% vs. 41.5%, p<0.001—Figure 1A), this trend
being particularly evident for score values>4 (Figure 1B). The
AUC ROC curve confirmed poor diagnostic accuracy in this

population (AUC 0.53 CI: 0.23-0.82, p =0.83).

10.3389/fcvm.2024.1509162

Discussion

Our findings draw attention on the relevance of the approach
to CS by clinicians and the need to quantify the impact of the
implemented therapeutic efforts on mortality risk. The principal
finding of our study was that we observed a statistically
significant reduction of recorded mortality compared to what was
expected according to CSS. Such results in the authors’ opinion
should be ascribed to the following elements: patients were
treated at national referral centers for CS; management of CS
patients oversaw a multidisciplinary shock team; a comprehensive
approach to CS with tMCS support was adopted. Our findings
are in line with existing literature showing improved outcomes in
high-volume shock centers (7, 8), where patients are treated
according to dedicated shock protocols and shock teams (9), and
with a robust MCS program in place (10). With reference to
MCS therapy, on one hand the association of hospital volume
with outcome is not a new finding (11, 12), given that in the
present year for the first time a randomized controlled trial has
also shown significant survival benefits in a population of acute
myocardial infarction CS patients treated with microaxial flow
pumps (13) compared to standard therapy, further corroborating
our findings. On top of this, our study presented an innovative
approach (i.e., comparing observed vs. expected mortality risk
with a robust statical analysis) that may help to document and
quantify the impact on major clinical outcomes in a context of
lack or biased randomized control trial due to logistic and ethical
reasons. The choice of CSS among the multiple existing mortality
risk prediction in CS (above all IABP-SHOCK II and CardShock
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(Part A) Observed vs. expected 30-day mortality in study population; (Part B) association between cardiogenic shock score and 30-day mortality.

P
Cardiogenic Shock score

PartB

Frontiers in Cardiovascular Medicine

03

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1509162
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Pieri et al.

risk scores (4, 5) was dictated by several considerations. First, CSS
was developed and validated in large populations of patients
compared to the other two scores. Furthemore, CSS was
developed on a mixed population of CS with a 1:1 ratio between
AMI related and non this makes the CSS
particularly valid to test mortality risk in all real clinical life CS

ischemic CS:

patients. Although the majority of the patients of the present
study had AMI related CS, making them suitable also for
mortality risk prediction with CardShock score (developed in a
population with >80% AMI CS incidence) (5) and IABP-SHOCK
II (developed only in AMI CS patients) (4), we favoured CSS
because he shows superior predictive ability when directly
compared to IJABP-SHOCK II and CardShock scores (3). Finally,
CSS includes simple, quick and easy-to-collect at bedside
parameters: since it does not require coronary angiography data,
it can be calculated immediately upon patient admission, thus
providing prompt information that may guide early clinical
management of critically ill patients. It would also be relevant
from a clinical point of view to assess wether the reduction in
mortality observed in the present study is confirmed also with
different strategies of MCS, including VA ECMO and IABP.
While literature comparing different MCS approaches in CS is
growing (14, 15), it is difficult to identify large homogenous
patients’population for comparison and the present study itself
was not powered to assess this outcome. We also acknowledge
the limitations of our approach, that might have influenced the
results, especially the limited sample size, the bicentric rather
then multicentric approach and the lack of a comparison group
not receiving MCS. Indeed, since all patients received mAFP
support, discriminating if the survival benefit was due to MCS,
to the referral center or to the team is not straightforward.
Furthermore, we are aware that the complexity of critically ill CS
patients is only partially captured by a score, even if the most
valid available, and that this may at least partially affect results.
Finally, in the era of DangerShock Trial, we have learnt that
complications in MCS patients are frequent, with possible
(13). The
complications in MCS patients therefore makes the applicability

negative implications on outcomes burden of
of predictive models more complex.

In conclusion, the main result of this multicenter study was
that the mortality rate observed in a population of critically ill
CS patients admitted to national referral centers for CS with a
dedicated multidisciplinary shock team using a comprehensive
approach to the treatment of CS, encompassing temporary
mechanical circulatory support with pVAD, was lower than
expected according to the CSS, a well-established prognostic

score in this field.
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