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Abstract
Background: Acute decompensated heart failure (ADHF) complicated by cardiogenic shock (CS) has
unique pathophysiological background requiring speci�c patient strati�cation, management and
therapeutic targets. Accordingly, the aim of this study was to derive a simple strati�cation tool to predict
survival in patients with ADHF complicated by CS.

Methods and results: We analyzed data from a historic cohort of 87 ADHF-CS consecutive patients,
eligible to heart replacement therapy (HRT), enrolled between 2015 and 2019. The association between
selected independent variables (age, lactates and creatinine, ALC-shock score) and 28-day overall
mortality was investigated through a multivariable logistic model. Predictive validity was assessed
throughout an internal and external validation and compared to the Cardshock score. A nomogram was
developed for predicting 28-day mortality.

Overall 28-day mortality was 34%. Among patients who survived, 38 (67%) were treated with HRT: heart
transplantation was performed in 68%, the remaining received an LVAD. The ALC-shock score showed
better discrimination (Area Under the Curve-AUC- 0.82; 95% CI 0.73-0.91) as compared to the Cardshock
score (AUC 0.67; 95% CI 0.55-0.79) (p = 0.009) to predict 28-days overall mortality. In the validation cohort
the AUC for the ALC-shock score was 0.66. 

Conclusions: A model including age, lactates and creatinine on admission (ALC-Shock score) could be
considered to predict short-term mortality in CS-ADHF patients in order to drive towards a treatment
intensi�cation.

Disclosures: Dr. Garan is supported by National Institutes of Health Grant No. KL2TR001874 and has
received honoraria from Abiomed. Dr. Colombo reports institutional grant support from Abbott Vascular.
None of the listed entities has had any involvement with the development of the manuscript. All other
authors have reported that they have no relationships relevant to the contents of this paper to disclose.

Research ethics: This study was approved by the Local Ethics Committee of Milano Area 3 of the ASST
Grande Ospedale Metropolitano Niguarda, Piazza Ospedale Maggiore 3, 20162 Milano (reference
number: 543-23092020).

Highlights
Patients with ADHF are often characterized by long-standing congestion and impaired perfusion.

Dedicated scores had not yet been derived.

A simple strati�cation tool including information about patient’s biology (age), impaired perfusion
(arterial lactate) and organ dysfunction (serum creatinine) may drive treatment intensi�cation in this
setting.

Introduction
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Cardiogenic shock (CS) is a clinical challenge which results from complex and distinct pathways leading
to oxygen starvation.1–3 Despite improvements in hemodynamics with short-term mechanical support
and advances in intensive care unit (ICU) management, in-hospital mortality for CS patients remains as
high as 50%, and stagnant over time.4,5

Data from American and European registries have recently highlighted a rising prevalence of CS related to
a chronic cardiomyopathy decompensation as opposed to acute myocardial infarction (AMI).6 Since the
underlying pathologies are different,6 there is an unmet need to identify disease-speci�c, dedicated risk
scores that are readily available upon ICU admission which might ultimately guide choice of therapies,
and thereby improve outcomes and optimize allocation of scares resources.

However, data on patients with CS not related to AMI, are lacking even in large, well-reported registries7–13

and are mostly limited to case-series,14–22 with only one phase II study23 and one small randomized
clinical trial.24 In addition, only one risk score has been recently validated in a cohort of patients that
included a signi�cant number of acute decompensated heart failure (ADHF)-CS patients.25 However, this
score was based not only on clinical and laboratory variables, but also on hemodynamic criteria that may
not be available upon admission to the ICU.25

Thus, the aims of this study were:1) to derive a simple score that could predict 28-day survival of ADHF-
CS patients based on easily obtained and clinically relevant variables; 2) to compare its predictive
performance with a shock score (CardShock13 score) derived in patients admitted for CS mostly related
to AMI; and 3) to validate this score using two separate (internal and external) cohorts.

Methods

Study design

Derivation cohort
Data were extracted retrospectively from charts of 87 consecutive CS-ADHF patients admitted between
2015 and 2019 at Intensive Coronary Care Unit (ICCU) and Cardio-thoracic Intensive Care Unit (CICU) of
ASST Grande Ospedale Metropolitano Niguarda within 12 hours of CS diagnosis.

Validation cohort
Data were extracted retrospectively from charts of 93 ADHF-CS patients, admitted between January 2011
and April 2016, who received and intra-aortic balloon pump (IABP) for hemodynamic support in the
setting of CS in the ICU of the Columbia University Irving Medical Center, New York, NY.

The study was conducted in accordance with ethical principles based on Helsinki’s Declaration,26

International Conference on Harmonization for Good Clinical Practice, and the current ethical rules. The
Strengthening the Reporting of Observational Studies in Epidemiology Guidelines (STROBE) were
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followed for reporting the �ndings.27 This study was approved by the Local Ethics Committee of Milano
Area 3 of the ASST Grande Ospedale Metropolitano Niguarda (Piazza Ospedale Maggiore 3, 20162
Milano) and by the Ethics Committee Institutional Review Board of the Columbia University Medical
Center. Since not all patients were able to give their informed consent, the Ethics Committee waived this
requirement. Informed consent was sought from all surviving patients as soon as they regained their
mental competence.

De�nitions
The following inclusion criteria were adopted to de�ne the study cohort with CS due to ADHF: 1) age ≥ 18
and < 75; 2) systolic blood pressure (SBP) < 90 mmHg or mean arterial pressure (MAP) < 60 mmHg, after
an appropriate �uid challenge if there were no sign of overt �uid overload; OR need of vasoactive agents
to maintain SBP > 90 mmHg or MAP > 60 mmHg; 3) reduced ejection fraction [left ventricle systolic
function (LVEF) ≤ 35%]; 4) at least one of the following criteria/items of overt hypoperfusion: altered
state of consciousness; sweaty and cold skin; mixed venous oxygen saturation < 60%; arterial lactates > 
2 mmol/L; oliguria < 0.5 ml/Kg/h for at least 6 hours.

Patients were excluded if any of the following criteria were present: 1) CS symptoms beyond 12 hours; 2)
septic shock with identi�ed infection; 3) CS due to AMI; 4) CS due to acute myocarditis; 5) CS due to
pulmonary thromboembolism; 6) constrictive pericarditis; 6) congenital heart disease; 7) CS secondary to
either cardiac or non-cardiac surgery.

Data analysis
Baseline characteristics were compared between patients alive and deceased at 28-days. Continuous
data are presented as mean ± standard deviation (SD) or median (interquartile range, IQR) and were
compared between groups using the Student’s t test or Mann-Whitney test, as appropriate. Categorical
variables were compared between groups using the Χ2 test.

Using logistic regression, univariable testing was performed to identify the variables potentially
associated with 28-day mortality. Based on these results, as well as those of previously developed
scores,24,27 we �t a multivariable logistic model to estimate the odds ratios (OR) and the corresponding
95% con�dence intervals (CI) for each variable. Predicted probabilities were calculated accordingly.

We performed internal validation by using bootstrap resampling with 200 samples. External validation
was performed on the validation cohort. We then assessed model performance with Brier scores,
discrimination with the c-statistics, and calibration with the calibration-in-the-large and slope statistics.
Since the validation cohort included only ADHF-CS patients who were treated with IABP, we compared
observed and predicted 28-days mortality between the validation cohort and the subsample of the
derivation cohort which also received IABP support (62 patients) according to terciles of predicted
probabilities.
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Next, we compared the identi�ed prognostic score to the CardShock25 score in the derivation sample.
Discrimination was assessed with c-statistics and calibration was assessed by comparing predicted
probabilities of 28-days mortality to the observed status. Clinical usefulness of our shock score was
evaluated by estimating the net bene�t of using the model to risk-stratify patients according to different
decision thresholds of 28-day mortality.28 All analyses were performed using STATA version 14 (Stata
Corp., College Station, TX) and R software version 3.5.1.

Results
Clinical characteristics

Derivation cohort
Three-hundred and forty patients were identi�ed and screened from medical records; 253 patients were
excluded, and 87 patients were included. Demographic, clinical, and biochemical characteristics upon
admission and non-pharmacologic support during hospitalization of the study population are reported in
Table 1 according to mortality at 28-days.
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Table 1
Demographic, clinical, biochemical characteristics upon admission and non-pharmacologic support

during hospitalization in patients included in the derivation cohort

  Overall population
(n = 87)

Patients who survived
(n = 57)

Patients who died
(n = 30)

p
value

Age, years 50.8 ± 15.2 46.7 ± 14.9 58.8 ± 12.2 < 
0.001

Male sex 64 (73.5) 41 (71.9) 23 (76.7) 0.634

BMI 24.0 ± 4.4 23.9 ± 4.4 24.2 ± 4.4 0.842

Diabetes mellitus 18 (20.7) 12 (21.0) 6 (20.0) 0.908

Hypertension 22 (25.3) 10 (17.5) 12 (40.0) 0.022

Dyslipidaemia 20 (22.9) 11 (19.3) 9 (30.0) 0.259

LVEF 21.3 ± 9.6 20.7 ± 9.7 22.6 ± 9.6 0.398

CRT 32 (36.8) 13 (22.8) 19 (63.3) < 
0.001

Heart rate 94.5 ± 19.7 95.6 ± 19.3 92.4 ± 20.6 0.477

SAP, mmHg 91 ± 15.1 95.5 ± 12.4 83.6 ± 16.8 < 
0.001

DAP, mmHg 54 ± 14.2 56.6 ± 14.5 49.8 ± 12.8 0.039

MAP, mmHg 67 ± 13 69.4 ± 12.6 61.2 ± 12.4 0.005

Wedge pressure,
mmHg

13.8 ± 8.0 12.0 ± 6.9 17.5 ± 9.2 0.138

CVP, mmHg 12.2 ± 6.8 11.1 ± 6.2 14.6 ± 7.6 0.034

mPAP, mmHg 23.7 ± 10.1 20.7 ± 6.8 30.3 ± 13.5 0.052

SVcO2 55 ± 14.3 55.2 ± 14.4 53.6 ± 14.3 0.689

Arterial lactates,
mmol/L

3.8 ± 3.5 3.1 ± 2.7 5.2 ± 4.4 0.008

Serum creatinine,
mg/dl

1.76 ± 1.1 1.4 ± 0.7 2.3 ± 1.3 < 
0.001

Data are reported as mean and standard deviation or number and percentage.

BMI: Body Mass Index; CRF: history of Chronic Renal Failure; CVP: Central Venous Pressure; CVVH:
Continuous VenoVenous Haemo�ltration; DAP: Diastolic Arterial Pressure; ECMO: ExtraCorporeal
Membrane Oxigenation; IABP: IntraAortic Ballon Pump; LVEF: Left Ventricle Ejection Fraction; MAP:
Mean Arterial Pressure; mPAP: mean Pulmonary Artery Pressure; NIMV: Non-Invasive Mechanical
Ventilation; SAP: Systolic Arterial Pressure.

*1 patient had missing data
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  Overall population
(n = 87)

Patients who survived
(n = 57)

Patients who died
(n = 30)

p
value

Serum bilirubin,
mg/dl

1.98 ± 1.7 1.7 ± 1.5 2.4 ± 2.0 0.109

INR 2.2 ± 1.2 2.1 ± 1.1 2.4 ± 1.4 0.206

Haemoglobin,
gr/dl

12.2 ± 1.9 12.4 ± 2.0 11.9 ± 1.6 0.223

Platelet count,
x109/L

234 ± 93 241 ± 96 219 ± 87 0.288

Diuresis, ml/Kg/h 1 ± 0.8 0.7 ± 0.9 0.5 ± 0.6 0.235

CRRT 6 (6.9) 4 (7.0) 2 (6.7) 0.969

Mechanical
ventilation

40 (45.9) 24 (42.1) 16 (53.3) 0.157

NIMV 36 (41.4) 21 (36.8) 15 (50) 0.487

IABP* 62 (71.3) 45 (78.9) 17 (56.7) 0.029

ECMO 22 (25.9) 14 (24.6) 8 (26.7) 0.830

Data are reported as mean and standard deviation or number and percentage.

BMI: Body Mass Index; CRF: history of Chronic Renal Failure; CVP: Central Venous Pressure; CVVH:
Continuous VenoVenous Haemo�ltration; DAP: Diastolic Arterial Pressure; ECMO: ExtraCorporeal
Membrane Oxigenation; IABP: IntraAortic Ballon Pump; LVEF: Left Ventricle Ejection Fraction; MAP:
Mean Arterial Pressure; mPAP: mean Pulmonary Artery Pressure; NIMV: Non-Invasive Mechanical
Ventilation; SAP: Systolic Arterial Pressure.

*1 patient had missing data

The most reported etiology was non-ischemic dilated cardiomyopathy, followed by ischemic dilated
cardiomyopathy. In this derivation cohort, 30 patients (34%) had expired at 28-days and 57 (66%) were
alive; among them, 19 (33%) experienced improvement that allowed discharged on medical therapy and
38 (67%) were bridged to heart replacement therapy [12 patients to left ventricle assist device (LVAD), 24
patients to heart transplantation (HT) and 2 patients to HT after LVAD]. Patients’ �ow is detailed in Fig. 1.
Patients who survived were younger, suffering less frequently of hypertension and chronic renal failure.
Hypotension and increased creatinine values upon admission were more frequent in patients who died,
as well as higher arterial lactates and central venous pressure. Among non-pharmacological support,
IABP was more frequently implanted in patients who survived.

Validation cohort
The validation cohort included 93 patients with ADHF and hemodynamic evidence of CS who underwent
IABP implantation. Baseline characteristics are reported in Table 2. Thirty patients (32%) died at 28-days
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follow up, whereas 63 (68%) survived, 21 experiencing improvement and discharged on medical therapy
(33%) and 42 bridged to heart replacement therapy (67%) [4 patients to HT and 38 patients to LVAD].

Table 2
Demographic, clinical, biochemical characteristics upon admission of the patients included in the

validation cohort

  Overall population
(n = 93)

Patients who survived
(n = 63)

Patients who died
(n = 30)

p
value

Age, years 58.5 ± 13.8 56.0 ± 14.0 63.7 ± 12.2 0.011

Male sex 77 (82.8) 52 (82.5) 25 (83.3) 0.924

BMI 27.5 ± 7.3 27.1 ± 7.2 28.6 ± 7.8 0.522

Diabetes mellitus 30 (32.3) 15 (23.8) 15 (50.0) 0.012

Hypertension* 24 (46.1) 18 (47.4) 6 (42.9) 0.772

CRT* 21 (40.4) 16 (42.1) 5 (35.7) 0.677

Heart rate 98.0 ± 20.6 99.4 ± 19.4 95.1 ± 23.1 0.342

SAP, mmHg 100.2 ± 14.3 101.3 ± 15.4 97.8 ± 11.8 0.261

DAP, mmHg 64 ± 12.4 66.2 ± 12.3 59.4 ± 11.5 0.012

MAP, mmHg 76.1 ± 11.4 77.9 ± 11.8 72.2 ± 9.5 0.022

Wedge pressure,
mmHg

30.2 ± 11.4 33.7 ± 10.3 23.9 ± 11.2 0.026

CVP, mmHg 17.2 ± 7.2 16.9 ± 7.2 17.8 ± 7.3 0.587

mPAP, mmHg 38.5 ± 10.6 40.0 ± 9.9 35.4 ± 11.4 0.049

SVcO2 41.3 ± 12.1 40.8 ± 12.6 43.0 ± 10.7 0.557

Arterial lactates,
mmol/L

1.6 (1.2–2.5) 1.4 (1.1–2.2) 2.2 (1.4-8) 0.003

Serum creatinine,
mg/dl

1.8 (1.4–2.5) 1.7 (1.4–2.6) 1.8 (1.5–2.4) 0.796

CPO 0.54 ± 0.16 0.53 ± 0.17 0.56 ± 0.17 0.417

PAPi 1.5 (1.0-2.4) 1.7 (1.0-2.4) 1.5 (1.0-2.7) 0.884

*Hypertension, CRT: 41 missing values; Wedge pressure: 65 missing

BMI: Body Mass index; CPO: cardiac Power Output; CRF: history of Chronic Renal Failure; CVP: Central
Venous Pressure; DAP: Diastolic Arterial Pressure; MAP: Mean Arterial Pressure; mPAP: mean
Pulmonary Artery Pressure; PAPi; Pulmonary Arterial Pulsatility index; SAP: Systolic Arterial Pressure.

The ALC-shock score
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Estimated ORs for 28-day mortality were 1.06 (95% CI = 1.01–1.108) for year of age, 2.06 (95% CI 1.14–
3.72) for 1-point increase in serum creatinine, and 1.18 (95% CI = 1.02–1.36) for 1-point increase in
arterial lactates, respectively.

Model calibration
The model showed a good calibration in the internal validation (calibration-in-the-large close to 0 and
calibration slope close to 1) while in the validation cohort, calibration was in average slower (calibration-
in-the-large=-0.635) and the effect of predictors were on average smaller (calibration slope = 0.486).

Figure 2 shows the median of the predicted probabilities plotted against the proportions of observed 28-
day mortality strati�ed according to terciles of predicted probabilities. The risk prediction was well-
calibrated in the derivation cohort (for both the entire cohort and similarly in the subgroup of patients who
were treated with IABP), whereas, in the validation cohort, prediction was well calibrated in patients at low
and moderate risk but overestimated the mortality rate in the high-risk group.

Score Validation
Results for internal and external validation are summarized in Appendix Table 1.

Overall model performance increased at internal and external validation: Brier scores were respectively
16.0%, 17.7% and 22.7%. The c-statistic of the model was 0.82 (95% CI = 0.73–0.91) on the derivation
sample as whole and 0.80 (95% CI 0.66–0.92) when only patients receiving IABP were included. At
internal validation, the value was comparable (0.80, 95% CI = 0.67–0.88), while in the external validation it
decreased to 0.66 (95% CI = 0.54–0.78).

The prediction model was further evaluated by incorporating clinical consequences throughout the
graphical display of the net effect of submitting 100 patients to the risk prediction. For a decision
threshold of 40% of 28-day mortality, the ALC shock score would identify, in a population of 100 patients
with a 34% incidence of 28-day mortality the following number of patients: 21 events, i.e. identi�ed
correctly with prediction exceeding the threshold, and 12 non-events, i.e. incorrectly identi�ed with
prediction exceeding the threshold. Since the choice of a threshold equal to 40% translates into a cost of
declaring a patient at high risk (i.e. with a prediction greater than 40%) equal to 40%/(100%-40%) = 0.67,
the net gain is 21-0.66*12 = 13 patients. (Appendix, Fig. 1)

Nomogram

Figure 3 presents a nomogram that predicts 28-day mortality. Points assigned to the patient’s variables
are added and allow estimation of the probability of 28-day mortality.

Comparison between the ALC-shock score and the
Cardshock score
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Compared to the ALC-shock score, the Cardshock score showed a poorer discrimination (AUC 0.67; 95% CI
0.55–0.79; p = 0.009) (Fig. 4) and calibration (Fig. 5) on the derivation sample.

Discussion
Herein we report the outcomes of CS in a patient population limited exclusively to ADHF in 2 tertiary care
centers capable of providing heart replacement therapy. The main �nding of this study is that a simple
risk score which includes age, serum creatinine and arterial lactates may adequately predict 28-day
survival in ADHF-CS patients. In this speci�c population, this score performed better than a previously
validated strati�cation tool which was derived from a heterogenous population of cardiogenic shock
patients.13

Clinical decision-making is challenging in CS patients due to the complexity of the metabolic,
hemodynamic and in�ammatory pathways which occur once a low output state develops3. Moreover, the
epidemiologic changes that occurred in the last decades further require attention6 : data from the
collaborative research network of American Heart Association showed a shift from AMI-CS to CS
occurring as a consequence of ADHF.3 These two scenarios differ from a pathophysiological and
hemodynamic standpoint,28 and this may explain why treatments that are ineffective in the setting of
AMI (e.g. IABP) might be bene�cial in patients with CS-ADHF.7–24,28

In particular, a favorable pro�le may emerge from IABP, since the risks of the procedure are low, the
limited increase of cardiac output that it provides may be su�cient for improving tissue perfusion in
patients with chronic advanced HF, in whom some adaptation to reduced cardiac output exists, and these
effects are not blurred or confounded by the effect of an etiology-directed treatment such as reperfusion
in CS associated with acute MI.

In an examination of multiple prognostication tools recently published in CS patients, three variables were
consistently included10,13,25,27,29 (age, renal function, and lactates,). Ageing and renal failure are
associated with worst outcomes in several cardiac and non-cardiac disease states. 30,31,32 Although these
characteristics may contribute to contraindications for HT/LVAD, they could be regarded as hallmarks for
early decision in favor of surgery (mainly LVAD) as long-term therapy, before deterioration that would
reduce the probability of survival, either with or without heart replacement therapy. Elevated arterial
lactate is an early marker of the metabolic dysregulation and microcirculatory dysfunction that leads to
multiorgan failure.3 Therefore, in patients with acutely decompensated chronic heart failure, these three
variables re�ect constitutive and contingent factors strongly related to prognosis.

It is important to note that the performance of our score was somewhat reduced when applied to an
external validation cohort. However, the derivation and validation population differed in age and risk
pro�le. Furthermore, every patient in the validation cohort was treated with IABP, suggesting a potential
impact of this therapy on outcomes. Importantly, when we compared the actual and predicted rates of
mortality, the ALC-shock score was well-calibrated for all patients at low and intermediate risk including
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those in the external validation cohort. The overestimation of mortality rates in the high-risk group could
be explained by the early timing of IABP therapy in this latter cohort.

Recent data have focused on the prognostic role of hemodynamic indexes [cardiac power output/index
(CPO/CPI) and pulmonary artery pulsatility index (PAPi)] in patients with ADHF-CS.25,28 However, the
insertion of a pulmonary artery catheter, though often performed in some centers, is not routinely pursued,
involves some risks to the patient, and data are not readily available upon admission. Moreover, patients
with chronic AHF may adapt to highly abnormal hemodynamic pro�le with normal or near normal end-
organ function, lactate and minimal symptoms - thus models based on purely hemodynamic parameters
may be limited in both prognostic ability and broad application. Indeed, the major strength of this data is
the description of a simple and reliable prediction model for ADHF-CS patients, who represent a growing
percentage of the overall cohort of CS patients. This tool can be used at bedside upon admission to the
ICU to prognosticate and plan the next management strategies in order to identify the right patient to get
access to durable surgical solutions such as HT or LVAD.

Our study has several limitations. First, we did not compare our score to others that included
hemodynamic data.25 However, as previously discussed, hemodynamic assessment with pulmonary
artery catheters is not routinely performed, limiting the widespread applicability of such scores. Second,
as noted above, the model had diminished performance in the validation cohort, particularly among the
highest risk pro�le. Third, it is important to note that intermediate and long-term survival often depends
on the patient’s candidacy for heart replacement therapies and the criteria for such therapies often differ
somewhat between different centers such as the two contributing cohorts for the analysis.

Conclusions
CS remains a deadly scenario; little is known about the management of patients with ADHF complicated
by CS, for which dedicated strati�cation tools are lacking. Indeed, this subgroup is epidemiologically
relevant in the current era and requires speci�c focus. According to our results, short-term survival of
patients with ADHF-CS may be adequately predicted upon admission based on patient’s age, serum
lactate and serum creatinine (ALC-shock score). This strati�cation tool is easy to use and may help
clinicians with early prognostication in their daily practice particularly in identifying a high-risk cohort that
might eventually bene�t from early aggressive therapies.

Abbreviations
ACS
acute coronary syndrome
ALC
age, serum lactates and creatinine
AMI
acute myocardial infarction
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ADHF
acute decompensated heart failure
CI
con�dence interval
CS
cardiogenic shock
HR
hazard ratio
IABP
intra-aortic balloon pump
ICCU
intensive coronary care unit
ICU
intensive care unit

Declarations
Authors’ contributions

NM, MB, PC and ARG were involved in conceptualization. GV, LV and LDP helped in data curation. LA,
MDM and CLV contributed to formal analysis. MF, FO, AS contributed to methodology. PC, JF, FP and ARG
contributed to supervision. ARG was involved in validation. NM, FP, PC, ARG were involved in writing—
review and editing. All authors read and approved the �nal manuscript.

Funding Sources

None

Availability of data and materials

The datasets used and analyzed during the current study are available from the corresponding author on
reasonable request.

Ethics approval and consent to participate

This study was approved by the Local Ethics Committee of Milano Area 3 of the ASST Grande Ospedale
Metropolitano Niguarda (Piazza Ospedale Maggiore 3, 20162 Milano) and by the Ethics Committee
Institutional Review Board of the Columbia University Medical Center. Since not all patients were able to
give their informed consent, the Ethics Committee waived this requirement. Informed consent was sought
from all surviving patients as soon as they regained their mental competence.

Consent for publication



Page 14/20

Not applicable.

Competing interests

None

References
1. Cooper HA, Panza JA. Cardiogenic shock. Cardiol Clin 2013; 31:567–580.

2. Valente S, Marini M, Battistoni I, Marini M, Battistoni I, Sorini Dini C, et al.Cardiogenic shock is a rare
disease: the dedicated network. G Ital Cardiol (Rome) 2017; 18:719-726.

3. Lawler PR, Mehra MR. Advancing from a "hemodynamic model" to a "mechanistic disease-modifying
model" of cardiogenic shock. J Heart Lung Transplant 2018; 37:1285-1288.

4. Goldberg RJ, Spencer FA, Gore JM, Lessard D, Yarzebski J. Thirty-year trends (1975 to 2005) in the
magnitude of, management of, and hospital death rates associated with cardiogenic shock in
patients with acute myocardial infarction: apopulation-based perspective. Circulation 2009;119:
1211-1219.

5. O’Neill WW, Grines C, Schreiber T, Moses J, Maini B, Dixon SR, et al. Analysis of outcomes for 15,259
U.S. patients with acute myocardial infarction cardiogenic shock (AMICS) Supported with the Impella
Device. Am Heart J 2018; 202:33–38.

�. Berg DD, Bohula EA, van Diepen S, Katz JN, Alviar CL, Baird-Zars VM, et al. Epidemiology of Shock in
Contemporary Cardiac Intensive Care Units. Circ Cardiovasc Qual Outcomes 2019;12: e005618.

7. Adams KF Jr, Fonarow GC, Emerman CL, LeJemtel TH, Costanzo MR, Abraham WT, et al. ADHERE
Scienti�c Advisory Committee and Investigators. Characteristics and outcomes of patients
hospitalized for heart failure in the United States: rationale, design, and preliminary observations
from the �rst 100,000 cases in the Acute Decompensated Heart Failure National Registry (ADHERE).
Am Heart J 2005; 149:209-216.

�. Rudiger A1, Harjola VP, Müller A, Mattila E, Säila P, Nieminen M, et al. Acute heart failure: clinical
presentation, one-year mortality and prognostic factors. Eur J Heart Fail 2005; 7:662-670.

9. Gheorghiade M, Abraham WT, Albert NM, Greenberg BH, O'Connor CM, She L, et al. OPTIMIZE-HF
Investigators and Coordinators. Systolic blood pressure at admission, clinical characteristics, and
outcomes in patients hospitalized with acute heart failure. JAMA 2006; 296:2217-2226.

10. Sleeper LA, Reynolds HR, White HD, Webb JG, Dzavík V, Hochman JS. A severity scoring system for
risk assessment of patients with cardiogenic shock: a report from the SHOCK Trial and Registry. Am
Heart J 2010; 160:443-450.

11. Follath F, Yilmaz MB, Delgado JF, Parissis JT, Porcher R, Gayat E, et al. Clinical presentation,
management and outcomes in the Acute Heart Failure Global Survey of Standard Treatment
(ALARM-HF). Intensive Care Med 2011; 37:619-626.



Page 15/20

12. Mebazaa A, Parissis J, Porcher R, Gayat E, Nikolaou M, Boas FV, et al. Short-term survival by
treatment among patients hospitalized with acute heart failure: the global ALARM-HF registry using
propensity scoring methods. Intensive Care Med 2011; 37:290-301.

13. Harjola VP, Lassus J, Sionis A, Køber L, Tarvasmäki T, Spinar J, et al. CardShock Study Investigators;
GREAT network. Clinical picture and risk prediction of short-term mortality in cardiogenic shock. Eur J
Heart Fail 2015; 17:501–509.

14. Norkiene I, Ringaitiene D, Rucinskas K, Samalavicius R, Baublys A, Miniauskas S, et al. Intra-aortic
balloon counterpulsation in decompensated cardiomyopathy patients: bridge to transplantation or
assist device. Interact Cardiovasc Thorac Surg. 2007; 6:66-70.

15. Imamura T, Kinugawa K, Nitta D, Hatano M, Kinoshita O, Nawata K, et al. Prophylactic Intra-Aortic
Balloon Pump Before Ventricular Assist Device Implantation Reduces Perioperative Medical
Expenses and Improves Postoperative Clinical Course in INTERMACS Pro�le 2 Patients. Circ J 2015;
79:1963-1969.

1�. Sintek MA, Gdowski M, Lindman BR, Nassif M, Lavine KJ, Novak E, et al. Intra-Aortic Balloon
Counterpulsation in Patients With Chronic Heart Failure and Cardiogenic Shock: Clinical Response
and Predictors of Stabilization. J Card Fail 2015; 21:868-876.

17. Bezerra CG, Adam EL, Baptista ML, Ciambelli GS, Kopel L, Bernoche C, et al. Aortic Counterpulsation
Therapy in Patients with Advanced Heart Failure: Analysis of the TBRIDGE Registry. Arq Bras Cardiol
2016; 106:26-32.

1�. Annamalai SK, Buiten L, Esposito ML, Paruchuri V, Mullin A, Breton C, et al. Acute Hemodynamic
Effects of Intra-aortic Balloon Counterpulsation Pumps in Advanced Heart Failure. J Card Fail 2017;
23:606-614.

19. Fried JA, Clerkin K, Topkara VK, Masoumi A, Yuzefpolskaya M, Takayama H, et al. Clinical and
hemodynamic effects of intra-aortic balloon pump therapy in chronic heart failure patients with
cardiogenic shock. J Heart Lung Transplant 2018; 37:1313-1321.

20. Gul B, Bellumkonda L. Usefulness of Intra-aortic Balloon Pump in Patients With Cardiogenic Shock.
Am J Cardiol 2019; 123: 750-756.

21. Hsu S, Kambhampati S, Sciortino CM, Russell SD, Schulman SP. Predictors of intra-aortic balloon
pump hemodynamic failure in non-acute myocardial infarction cardiogenic shock. Am Heart J 2018;
199:181-191.

22. Viola G, Morici N, Sacco A, Stucchi M, Brunelli D, Cipriani M, et al. Cardiogenic shock: old and new
circulatory assist devices: the role of counter-pulsation. Eur Heart J Suppl 2019; 21(Suppl B):B59-
B60.

23. Morici N, Oliva F, Ajello S, Stucchi M, Sacco A, Cipriani MG, et al. Management of cardiogenic shock
in acute decompensated chronic heart failure: The ALTSHOCK phase II clinical trial. Am Heart J.
2018; 204:196-201.

24. Den Uil CA, Van Mieghem NM, B Bastos M, Jewbali LS, Lenzen MJ, Engstrom AE, et al. Primary intra-
aortic balloon support versus inotropes for decompensated heart failure and low output: a



Page 16/20

randomised trial. EuroIntervention 2019;15:586-593.

25. Tehrani BN, Truesdell AG, Sherwood MW, Truesdell AG, Sherwood MW, Desai S, et al. Standardized
Team-Based Care for Cardiogenic Shock. J Am Coll Cardiol 2019; 73:1659-1669.

2�. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for
medical research involving human subjects. JAMA 2013; 310:2191-2194.

27. Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow CD, Pocock SJ, et al. STROBE
Initiative. for the STROBE Initiative Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE): Explanation and Elaboration. PLoS Med 2007; 4: e297.

2�. Kerr KF, Brown MD, Zhu K, Janes H. Assessing the Clinical Impact of Risk Prediction Models With
Decision Curves: Guidance for Correct Interpretation and Appropriate Use. J Clin Oncol 2016;
34:2534-40.

29. Malick W, Fried JA, Masoumi A, Nair A, Zuver A, Huang A, et al. Comparison of the Hemodynamic
Response to Intra-Aortic Balloon Counterpulsation in Patients With Cardiogenic Shock Resulting from
Acute Myocardial Infarction Versus Acute Decompensated Heart Failure. Am J Cardiol; 124:1947-
1953.

30. Auffret V, Cottin Y, Leurent G, Gilard M, Beer JC, Zabalawi A, et al; ORBI and RICO Working Groups.
Predicting the development of in-hospital cardiogenic shock in patients with ST-segment elevation
myocardial infarction treated by primary percutaneous coronary intervention: the ORBI risk score. Eur
Heart J 2018; 39:2090-2102.

31. Guerville F, de Souto Barreto P, Taton B, de Souto Barreto P, Taton B, Bourdel-Marchasson Iet al.
Multidomain Alzheimer Preventive Trial (MAPT)/Data Sharing Alzheimer (DSA) Group. Estimated
Glomerular Filtration Rate Decline and Incident Frailty in Older Adults. Clin J Am Soc Nephrol 2019;
14:1597-1604.

32. Rodríguez-Jiménez AE, Negrín-Valdés T, Cruz-Inerarity H, Machural-de la Torre PJ. Cardiorenal
syndrome as predictor of in-hospital mortality in ST-segment elevation myocardial infarction. Clin
Investig Arterioscler 2018; 30:163-169.

Figures



Page 17/20

Figure 1

The most reported etiology was non-ischemic dilated cardiomyopathy, followed by ischemic dilated
cardiomyopathy. In this derivation cohort, 30 patients (34%) had expired at 28-days and 57 (66%) were
alive; among them, 19 (33%) experienced improvement that allowed discharged on medical therapy and
38 (67%) were bridged to heart replacement therapy [12 patients to left ventricle assist device (LVAD), 24
patients to heart transplantation (HT) and 2 patients to HT after LVAD]. Patients’ �ow is detailed in Figure
1.
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Figure 2

Figure 2 shows the median of the predicted probabilities plotted against the proportions of observed 28-
day mortality strati�ed according to terciles of predicted probabilities
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Figure 3

Figure 3 presents a nomogram that predicts 28-day mortality. Points assigned to the patient’s variables
are added and allow estimation of the probability of 28-day mortality.

Figure 4

Compared to the ALC-shock score, the Cardshock score showed a poorer discrimination (AUC 0.67; 95% CI
0.55-0.79; p=0.009) (Figure 4)
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Figure 5

Compared to the ALC-shock score, the Cardshock score showed a poorer discrimination (AUC 0.67; 95% CI
0.55-0.79; p=0.009) (Figure 4) and calibration (Figure 5) on the derivation sample.
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