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Abstract

Background Cardiogenic shock (CS) is associated with high in-hospital mortality. Objective assessment of its severity and
prognosis is paramount for timely therapeutic interventions. This study aimed to evaluate the efficacy of the shock index
(SI) and its variants as prognostic indicators for in-hospital mortality.
Methods A retrospective study involving 1282 CS patients were evaluated. Baseline patient characteristics, clinical trajec-
tory, hospital outcomes, and shock indices were collected and analysed. Receiver operating characteristic (ROC) curves were
employed to determine the predictive accuracy of shock indices in predicting in-hospital mortality.
Results Of those evaluated, 866 (67.6%) survived until discharge. Non-survivors were older (66.0 ± 13.7 vs. 57.4 ± 16.2,
P < 0.001), had a higher incidence of cardiac risk factors, and were more likely to present with acute coronary syndrome
(33.4% vs. 16.1%, P < 0.001) and out-of-hospital cardiac arrest (11.3% vs. 5.3%, P < 0.001). All mean shock indices were sig-
nificantly higher in non-survivors compared with survivors. ROC curves demonstrated that adjusted shock index (ASI),
age-modified shock index (AMSI), and shock index-C (SIC) had the highest predictive accuracy for in-hospital mortality, with
AUC values of 0.654, 0.667, and 0.659, respectively. Subgroup analysis revealed that SIC had good predictive ability in patients
with STEMI (AUC: 0.714) and ACS (AUC: 0.696) while AMSI and ASI were notably predictive in the OHCA group (AUC: 0.707 and
0.701, respectively).
Conclusions Shock index and its variants, especially ASI, AMSI, and SIC, may be helpful in predicting in-hospital mortality in CS
patients. Their application could guide clinicians in upfront risk stratification. SIC, ASI, and AMSI show potential in predicting
in-hospital mortality in specific CS subsets (STEMI and OHCA). This is the first study to evaluate SI and its variants in CS patients.
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Introduction

Cardiogenic shock (CS) is a clinical syndrome characterized by
a primary cardiac disorder leading to hypotension and signs
of organ hypoperfusion in the presence of euvolaemia or
hypervolaemia.1 CS remains challenging to manage given
the high mortality rate of 40%.2 Effective management of
CS requires early identification, rapid intervention, and an

understanding of early prognostic factors to guide clinical de-
cision making.3,4

Originally proposed in 1967 for the management of
haemorrhagic and septic shock, the shock index (SI), defined
as the ratio of heart rate (HR) to systolic blood pressure (SBP),
has emerged as a promising tool for risk stratification and
prognostication. Values of SI greater than 1.0 indicate immi-
nent shock, underscoring its significance as an early warning
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indicator in critical care settings.5 The simplicity of the SI
makes it a valuable parameter for predicting mortality in
various acute pathologies, including myocardial infarction,
pulmonary thromboembolism, sepsis, hypovolaemia, and
trauma, as it can be easily obtained upon admission.6–11

Previous studies have found SI to be a more reliable measure
of haemodynamic stability than SBP or HR alone.12

In patients undergoing revascularization for ST-segment el-
evation myocardial infarction (STEMI), an elevated SI is an in-
dependent predictor of microvascular damage, extent of
myocardial injury, and short-term and long-term mortality.11

SI may also reflect worsening stroke volume, cardiac index,8

severity of cardiac dysfunction, which in turn, is associated
with higher mortality rates.13 Due to its practicality, SI has
been validated for assessing the severity and prognosis of dif-
ferent cardiac conditions such as acute heart failure (AHF),
acute coronary syndrome (ACS), out-of-hospital cardiac arrest
(OHCA), and critical illness.14–18

Other indices have since been developed. In early studies,
the modified shock index (MSI), which includes mean arterial
pressure (MAP) instead of SBP has been shown to predict
mortality rates more accurately than SI.19 As older patients
may be moribund, the adjusted shock index (ASI), defined
as age in years multiplied by SI, is another tool for mortality
prediction.20 Furthermore, the shock index-C (SIC), including
estimated creatinine clearance (CrCl), has demonstrated su-
perior predictive value compared with SI in patients with
STEMI.21 Chiang et al. found that that a value of SIC >21.0
showed statistically significant association with in-hospital
mortality in patients with STEMI.22 These indices have not
been evaluated in patients with CS.

In this retrospective cohort study, we defined the utility of
the SI and its variants in predicting in-hospital mortality in pa-
tients presenting with CS. We provided insights into the prog-
nostic potential of these indices, offering clinicians a simple
tool for risk assessment early in the disease course of CS.

Methods

Study design and setting

A retrospective observational analysis was conducted in
consecutive adult patients (>18 years) diagnosed with CS
admitted to the Cardiac Intensive Care Unit (CICU) at Toronto
General Hospital (University Health Network) between
January 2014 and December 2021.

Patient population

CS was defined as: SBP< 90 mm Hg sustained for>30 min or
the need for vasopressors to maintain a SBP> 90 mmHg, pul-

monary congestion or elevated left ventricular filling pres-
sures, and signs of organ perfusion impairment evident
through at least one of the following: altered mental status,
cold clammy skin, oliguria, or elevated serum lactate.1 Pa-
tients were excluded if they had: incomplete data, prior CS
admission during the same hospital stay, pre-existing sepsis,
or haemorrhagic shock. This study adhered to the ethical
guidelines of Declaration of Helsinki 1975 and was approved
by institutional research ethics board. Due to the retrospec-
tive nature of the study and the usage of de-identified clinical
data, informed consent was waived.

Data collection

Patient characteristics, vital signs, clinical presentation, labo-
ratory values, comorbidities, management during hospital
stay, and in-hospital outcomes were included. Various shock
indices were calculated using first record at the cardiac care
unit (CCU) admission as follows: SI is the ratio of HR (beats
per minute, bpm) to SBP (mmHg)5; MSI being the ratio of
HR (bpm) to MAP (mmHg)23; ASI multiplies age (years) with
SI20; age-modified shock index (AMSI) multiplies age (years)
with MSI20; and SIC is (SI × 100) minus CrCl.21 CrCl was calcu-
lated using the first creatinine at CCU admission and the
Cockcroft–Gault published equations.24 The primary outcome
evaluated was in-hospital mortality.

Statistical analysis

Continuous variables are expressed as mean ± standard devi-
ation, and categorical variables are presented as numbers
and percentages. T-tests (Levene) were applied for continu-
ous variables and Pearson χ2 tests for discrete variables. A lin-
ear regression model was used to calibrate the data, and an
ANOVA test was used to determine the statistical significance
of the model. The diagnostic performance was assessed using
ROC curves and sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), positive likeli-
hood ratio (LR+), negative likelihood ratio (LR�), and Youden
index (YI).25 Area under the curve (AUC) was used to compare
the discriminatory power of various SIs, with an AUC of 1.0
considered as perfect discrimination and 0.5 considered as
equal to chance. AUC values were compared using the non-
parametric approach described by DeLong et al.26 Separate
subgroup analyses were performed stratified by age, sex,
ACS, and OHCA. All statistical tests were two-sided, and P
values of <0.05 were considered statistically significant. All
analyses were performed using SPSS software (version 28;
SPSS Inc, DE, USA).
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Results

Patient characteristics

A total of 1282 patients diagnosed with CS were included in
the analysis. The mean age of the participants was
60.2 ± 15.9 years, and 901 patients (70.3%) were male. In this
study, 866 (67.6%) survived until time of hospital discharge.
The baseline patient characteristics are summarized in Table 1.

Non-survivors were older than survivors (66.0 vs.
57.4 years, P< 0.001), were more likely to have hypertension
(51.4% vs. 39.6%, P < 0.001), diabetes mellitus (37.5% vs.
30.8%, P = 0.01), and dyslipidaemia (39.7% vs. 33.7%,
P = 0.03), and had lower rates of congestive heart failure
(CHF) compared with survivors (42.8% vs. 53.3%,
P < 0.001). Clinical presentation with ACS (33.4% vs. 16.1%,
P < 0.001) and/or OHCA (11.3% vs. 5.3%, P < 0.001) were
more common in the non-survivors. Moreover, non survivors,
more frequently presented with a Society for Cardiovascular
Angiography and Interventions (SCAI) classification of D or E.

Table 1 also provides an overview of major in-hospital
treatments. Non-survivors were more likely to receive
inotrope/vasopressor therapy during their stay in the critical
care unit compared with survivors (93% vs. 88%, P = 0.007).
Additionally, non-survivors had higher rates of mechanical
ventilation (49% vs. 26.8%, P < 0.001) and intra-aortic bal-
loon pumps (IABP) (23.8% vs. 13%, P < 0.001). Conversely,
there was no significant difference in survival between the
two groups regarding the use of Impella or ECMO
(P = 0.171 and P = 0.085, respectively). Among survivors,
heart transplantation during admission was more frequent
than among non-survivors (84 vs. 4, P < 0.001), as were du-
rable left ventricular assist devices (dLVAD) (12.6% vs. 6.9%,
P = 0.004) and pulmonary artery catheters (PAC) (49.5% vs.
41.8%, P = 0.010). Survivors also had a longer average length
of hospital stay (27.8 vs. 21.3, P = 0.004), with no significant
difference in critical care unit length of stay.

Shock indices and outcomes

The mean SIs were all significantly higher in deceased pa-
tients compared with those who survived until hospital dis-
charge (Table 2).

The ROC curves and analyses for the various SIs for
predicting in-hospital mortality can be found in Table 3 and
Figure 1. Optimal cut-off values were identified by maximiz-
ing YI, which revealed the following threshold values for the
total sample: SI: 0.96 (sensitivity 43.6%, specificity 66.7%, YI:
0.10); MSI: 1.23, (sensitivity 52.0%, specificity 59.6%, YI:
0.12); ASI: 58.10, ASI (sensitivity 50.1%, specificity 72.2%,
YI: 0.22); AMSI: 67.59 (sensitivity of 68.4%, specificity of
57.9%, YI: 0.26); and lastly, SIC: 54.22 (sensitivity of 57.8%,
specificity of 67.3%, YI: 0.25).

In the DeLong comparison of all tests together, SIs exhib-
ited significant differences in their prognostic capabilities
for in-hospital mortality (P < 0.0001). The comparison of
AUC values revealed that AMSI (AUC: 0.667, 95% CI: 0.634–
0.700, P < 0.001) exhibited superior predictive power com-
pared with all other indices. Specifically, the predictive ability
of AMSI was relatively higher than SIC (AUC: 0.659, 95% CI:
0.627–0.692, P< 0.001) but the difference did not achieve sta-
tistical significance (P = 0.37).Moreover, SIC showed better pre-
dictive power when compared with ASI (AUC: 0.654, 95% CI:
0.621–0.686, P< 0.001) although this differencewas not statis-
tically significant (P = 0.92) (Supporting information, Table S1).
In the individual linear regression analyses, all SI indices showed
statistically significant positive associations with in-hospital
mortality (P < 0.001). Notably, the ASI and SIC demonstrated
the strongest correlations (Table S2 and Figure S1).

Subgroup analysis

We conducted a comprehensive subgroup analysis to assess
the discriminatory power of SI indices within specific patient
populations defined by important clinical characteristics, in-
cluding age, sex, acute MI (STEMI, non-STEMI, and unstable
angina), and OHCA. The AUC from ROC for these indices were
used to evaluate their predictive performance for in-hospital
mortality within each subgroup (Table 4, Figure 2). Significant
AUC values were found for the ASI and AMSI indices for
OHCA and SIC index for AMI-CS and STEMI.

Subgroup analysis by age (<60 and >60 years) and sex
displayed AUC values in the range of 0.5 to 0.7 for all indices, in-
dicating moderate predictive performance for in-hospital mor-
tality. Notably, SIC demonstrated relatively higher AUC values
in STEMI patients (0.714, 95% CI: 0.638–0.789, P < 0.001) and
in patients with ACS 0.696, 95% CI: 0.632–0.760, P< 0.001), in-
dicating good discriminative ability. Among patients withOHCA,
AMSI exhibited a notable AUC of 0.708 (95% CI: 0.593–0.823,
P < 0.001), and the ASI displayed a significant AUC of 0.701
(95% CI: 0.592–0.811, P < 0.001), indicating good predictive
abilities for in-hospital mortality. Other indices in the STEMI
and OHCA categories predominantly had AUC values within
the 0.5 to 0.7 range (Tables S3–S7).

Table 5 summarizes the threshold values for the subgroups
of STEMI, AMI-CS, and OHCA where particular indices show
good discriminative ability.

Discussion

Clinical characteristics

Identifying higher risk patients presenting with CS is instru-
mental in managing this population given its significant mor-
bidity. This analysis demonstrates the importance of the SI
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Table 1 Baseline characteristics

Characteristics
Total

population Non-survivors Survivors P value

Patients, n (%) 1282 416(32.4) 866(67.6) —

Age, years, mean [SD] 60.2 [15.98] 66.0(13.7) 57.4(16.2) <0.001
Gender, n (%)

Male 901 (70.3) 278(66.8) 623(71.9) —

Comorbidities, n (%)
Hypertension 555 (43.3) 212(51.4) 343(39.6) 0.002
Arrhythmia (VF/VT) 114(8.9) 28(6.7) 86(6.7) 0.06
Atrial fibrillation/flutter 372(29.0) 116(27.9) 256(29.6) 0.54
Diabetes mellitus 423(33.0) 156(37.5) 267(30.8) 0.01
Dyslipidaemia 457 (35.6) 165(39.7) 292(33.7) 0.03
COPD 89(6.9) 33(7.9) 56(6.5) 0.33
CVA/TIA 117(9.1) 46(11.1) 71(8.2) 0.10
Previous MI 270(21.1) 96(23.1) 174(20.1) 0.22
Previous PCI 206(16.1) 74(17.8) 132(15.2) 0.24
Previous CABG 118(9.2) 45(10.8) 73(8.4) 0.17
CKD 326(25.4) 117(28.2) 209(24.2) 0.12
PVD 75(5.9) 32(7.7) 43(4.9) 0.05
CHF 638(49.8) 178(42.8) 460(53.3) <0.001
PPM 50(3.9) 17(4.1) 33(3.8) 0.81
ICD 182(14.2) 46(11.0) 136(15.7) 0.02

Clinical characteristics, n (%)
Smoking history 521(40.6) 150(36.0) 371(42.8) 0.05
ACS (AMI-CS) 279(21.8) 139(33.4) 140(16.1) <0.001
STEMI at presentation 200(15.6) 102(27.3) 98(13.4) <0.001
NSTE-ACS at presentation 79(6.2) 37(10.1) 42(5.8) 0.009
Transfer 513(40.0) 161(45.2) 352(49.3) 0.20
OHCA 93(7.3) 47(11.3) 46(5.3) <0.001
SCAI stage n (%) <0.001
SCAI-B 96(7.5) 22(5.3) 74(8.5)
SCAI-C 56(4.4) 9(2.1) 47(5.4)
SCAI-D 1,076(83.9) 357(85.8) 719(83.0)
SCAI-E 54(4.2) 28(6.7) 26(3.0)

Prior vasopressor/inotrope use 520(40.6) 185(44.7) 335(38.9) 0.05
Vital signs, mean [SD]

HR, bpm 90.8 [22.4] 91.1 [22.2] 90.6 [22.5] 0.7
MAP, mmHg 75.8 [14.1] 72.8 [15.1] 77.3 [13.4] <0.001
SBP, mmHg 104.0 [20.0] 101.0 [22.2] 105.5 [18.8] <0.001
DBP, mmHg 61.8 [13.5] 58.9 [14.1] 63.2 [12.9] <0.001

Laboratory tests, mean [SD]
Hb, g/L 120.3 [25.5] 114.98 [25.8] 122.9 [25.1] <0.001
WBC, ×109/L 12.7 [7.3] 14.1 [8.0] 12.0 [6.9] <0.001
Sodium, mEq/L 13.0 [6.9] 135.0 [6.7] 135.0 [7.0] 0.94
Lactate, mmol/L 3.5 [3.8] 4.9 [4.8] 2.9 [2.9] <0.001
Creatinine, μmol/L 192.8 [135.7] 236.35 [155.0] 172.1 [120.1] <0.001
Creatinine clearance, mL/min 42.8 [28.0] 32.6 [22.2] 47.6 [29.1] <0.001

In-hospital treatment, n (%)
Vasopressor/inotrope use 1150(89.7) 387(93.0) 763(88.1) 0.007
PAC 600(46.8) 174(41.8) 426(49.5) 0.010
IMV 436(34.0) 204(49.1) 232(26.8) <0.001
IABP 212(16.5) 99(23.8) 113(13.0) <0.001
Impella 47(3.7) 19(4.6) 28(3.2) 0.171
ECMO 67(5.3) 28(6.8) 39(4.5) 0.085
dLVAD implantation 138(10.8) 29(6.9) 109(12.6) 0.004
OHT 88(8.1) 4 (1.1) 84 (11.5) <0.001
Hospital LOS (days) 25.7 [36.5] 21.3 [41.0] 27.8 [34.2] 0.004
CCU LOS (days) 6.3 [6.8] 5.5 [8.5] 6.7 [5.9] 0.11

Abbreviations: ACS, acute coronary syndrome; AMI-CS, acute myocardial infarction–cardiogenic shock; CABG, coronary artery bypass
grafting; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular
accident; DBP, diastolic blood pressure; dLVAD, durable left ventricular assist device; ECMO, extracorporeal membrane oxygenation; Hb,
haemoglobin; HR, heart rate; IABP, intra-aortic balloon pump; ICD, implantable cardioverter-defibrillator; IMV, invasive mechanical venti-
lation; LOS, length of stay; MAP, mean arterial pressure; MI, myocardial infarction; NSTE-ACS, non ST-elevation acute coronary syndrome;
OHCA, out-of-hospital cardiac arrest; OHT, orthotopic heart transplantation; PAC, pulmonary artery catheter; PCI, percutaneous coronary
intervention; PPM, permanent pacemaker; PVD, peripheral vascular disease; SBP, systolic blood pressure; SCAI, Society for Cardiovascular
Angiography and Interventions; SD, standard deviation; STEMI, ST-elevation myocardial infarction; TIA, transient ischaemic attack; VF,
ventricular fibrillation; VT, ventricular tachycardia; WBC, white blood cell count.
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and its variants in predicting in-hospital mortality in CS pa-
tients. Our population included consecutive CS patients and
was device agnostic, representing a ‘real-world population’.
Our findings corroborate the literature indicating that older
patients with chronic comorbidities do worse when admitted

with CS.27 Interestingly, non-survivors were more likely to
have de novo presentations of CS—an observation not de-
scribed previously.28 Given our institution is a quaternary
referral centre for CS management, 40% of patients were
transferred in. These patients possibly had higher SCAI
stage upon arrival and were ineligible for short term me-
chanical circulatory support (MCS) or advanced HF thera-
pies after assessment. Furthermore, given the large number
of patients with non-AMI-CS in our cohort, earlier recogni-
tion and therapies for stabilization may have contributed
to this observed trend.

Unsurprisingly, patients presenting with ACS and/or OHCA
were less likely to survive their hospital stay, which is consis-
tent with the literature.29 Non-survivors exhibited a more
pronounced manifestation of shock and multi-organ dysfunc-
tion compared with survivors, given the profound haemody-
namic and metabolic sequelae resulting from these events

Table 2 Shock indices

Indices,
mean [SD] Total population Non-survivors Survivors P value

SI 0.90 [0.29] 0.95 [0.34] 0.88 [0.26] 0.001
MSI 1.24 [0.39] 1.31 [0.47] 1.20 [0.35] <0.001
ASI 53.83 [21.77] 61.9 [23.5] 50.0 [19.8] <0.001
AMSI 73.78 [29.79] 85.4 [31.9] 68.3 [27.1] <0.001
SIC 47.30 [38.89] 61.9 [39.3] 40.4 [36.8] <0.001

Abbreviations: AMSI, age-modified shock index; ASI, adjusted
shock index; MSI, modified shock index; SI, shock index; SIC, shock
index-C.

Figure 1 ROC analysis of the SI, MSI, ASI, AMSI and SIC for predicting in-hospital mortality. AMSI, age-modified shock index; ASI, adjusted shock index;
MSI, modified shock index; ROC, receiver operating characteristic; SI, shock index; SIC, shock index-C.

Table 3 Receiver operating characteristic curve analysis and the optimal thresholds of the SI, MSI, ASI, AMSI, and SIC for predicting
in-hospital mortality

Threshold Sensitivity (%) Specificity (%) PPV (%) NPV (%) Youden index AUC SE Lower limit Upper limit P value

SI 0.96 43.6 66.7 23 71 0.10 0.553 0.18 0.518 0.588 0.003
MSI 1.23 52.0 59.6 29 72 0.12 0.564 0.18 0.528 0.600 <0.001
ASI 58.10 50.1 72.2 24 75 0.22 0.654 0.16 0.621 0.686 <0.001
AMSI 67.59 68.4 57.9 35 79 0.26 0.667 0.17 0.634 0.700 <0.001
SIC 54.22 57.8 67.3 28 77 0.25 0.659 0.17 0.627 0.692 <0.001

Youden index = (sensitivity + specificity) � 1.
Abbreviations: MSI, modified shock index; ASI, adjusted shock index; AMSI, age-modified shock index; SI, shock index; SIC, shock index-C;
AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value; SE, standard error.
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Table 4 Overall analysis of AUC for shock indices in sub-groups

Subgroup SI AUC (95% CI) MSI AUC (95% CI) ASI AUC (95% CI) AMSI AUC (95% CI) SIC AUC (95% CI)

Age (years)
>60 0.573 [0.529–0.617] 0.571 [0.526–0.616] 0.592 [0.549–0.635] 0.591 [0.546–0.636] 0.628 [0.586–0.671]
<60 0.571 [0.512–0.630] 0.601 [0.540–0.663] 0.646 [0.590–0.702] 0.669 [0.611–0.727] 0.660 [0.601–0.719]

Gender
Female 0.502 [0.440–0.563] 0.487 [0.423–0.551] 0.636 [0.577–0.695] 0.625 [0.564–0.686] 0.663 [0.605–0.721]
Male 0.573 [0.531–0.616] 0.597 [0.554–0.640] 0.660 [0.621–0.699] 0.685 [0.646–0.723] 0.654 [0.614–0.694]

STEMI 0.601 [0.520–0.682] 0.615 [0.530–0.700] 0.652 [0.574–0.730] 0.651 [0.569–0.734] 0.714 [0.638–0.789]
OHCA 0.577 [0.453–0.701] 0.573 [0.447–0.700] 0.701 [0.592–0.811] 0.707 [0.594–0.819] 0.666 [0.550–0.782]
AMI-CS 0.583 [0.514–0.651] 0.599 [0.528–0.670] 0.646 [0.581–0.712] 0.655 [0.586–0.723] 0.696 [0.632–0.760]

Abbreviations: AMI-CS, acute myocardial infarction–cardiogenic shock; AMSI, age-modified shock index; ASI, adjusted shock index; AUC,
area under the curve; CI, confidence interval; MSI, modified shock index; OHCA, out-of-hospital cardiac arrest; SI, shock index; SIC, shock
index-C; STEMI, ST- elevation myocardial infarction.

Figure 2 Shock indices for predicting in-hospital mortality in different sub-groups: ROC curves for SIC in STEMI (A), SIC in AMI-CS (B), ASI in OHCA (C),
and AMSI in OHCA (D). AMI-CS: acute myocardial infarction–cardiogenic shock; AMSI, age-modified shock index; ASI, adjusted shock index; OHCA, out-
of-hospital cardiac arrest; ROC, receiver operating characteristic; SIC, shock index-C; STEMI, ST- elevation myocardial infarction.
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as reflected by lower Hb and CrCl levels and elevated WBC
and lactates levels. Non-survivors received more aggressive
interventions during their hospitalization, including higher
use of vasopressors/inotropes (P = 0.007), mechanical venti-
lation (P < 0.001) and IABP (P < 0.001). These patients
may lack the compensatory mechanisms of low output seen
in patients with chronic HF, highlighting the need for a tai-
lored approach in management for varying aetiologies of
CS. In contrast, survivors were more likely to receive PAC
(P = 0.010) and dLVAD (P < 0.001). Further studies could
identify how timing of early MCS, varying CS management
strategies based on aetiology, and rapid referral to a CS cen-
tre of excellence contribute to outcomes of this population.

Shock indices and mortality

Although the SI and its variants have been used in various
acute clinical scenarios to predict outcomes,6,8,9,30 its utility
in CS has not been explored. Our findings show that
non-survivors had statistically significant higher indices across
all scores, including calculations incorporating age and renal
function, both known to increase mortality in CS.31 Although
all indices were statistically significant between survivors and
non-survivors, their discriminative abilities may be limited.
The AUC values for SI were predominantly in the range of
0.5 to 0.7, with the highest value observed being 0.667 for
AMSI. Generally, AUC values in this range suggest moderate
predictive performance. Based on the DeLong analysis, the
SI and MSI exhibited more modest AUCs than the ASI, AMSI,
and SIC, suggesting that haemodynamics should not be used
in isolation.21 Prior atrial fibrillation or vasoactive medicine
use prior to CICU admission had no effect on AUC of any of
the SIs (Tables S10 and S11).

Several studies have explored the predictive value of SI
derivatives in AHF patients, shedding light on their potential
applicability in CS. El-Menyar et al. conducted a retrospective
study with 4818 AHF subjects and found that SI demon-
strated the highest AUC for predicting in-hospital mortality
(AUC: 0.70), with a suggested cutoff of 0.9.16 Pourafkari
et al. studied 554 AHF patients, reporting significantly differ-
ent AUC values for ASI, SI, and MSI, favouring ASI (AUC:
0.68).32 Bondariyan et al. enrolled 3652 patients in a retro-
spective study, reporting AUC values for SI (0.668), ASI
(0.684), MSI (0.640), and AMSI (0.659), suggesting their utility
in assessing in-hospital mortality.33 These results align with
ours and demonstrate that the application of these indices
may not be useful for all CS patients and cannot be used as
prognostic tools in isolation for in-hospital mortality, being
one-time assessments, which do not reflect changes in pa-
tient status during their admission. From a clinical perspec-
tive, calculated indices can integrate existing tools to intensify
and individualize the management of patients at higher risk.
These include informed discussions with families, early access
to palliative care, and timely utilization of invasive haemody-
namics/MCS.14

If we consider recent CS prognostic scores, it is evident
that all approaches share a common challenge in achieving
definitive prognostic accuracy. In a recent investigation,
Ortega-Hernández et al. assessed the efficacy of seven CS
scores, including SCAI, CARDSHOCK, CSS, and IABP-SHOCK
II score, in predicting in-hospital mortality among 872 pa-
tients. The findings revealed a generally moderate to good
performance across all scores in the overall cohort, with
CARDSHOCK exhibiting the highest AUC at 0.666.34 SIs offer
simplicity and real-time assessment, making them accessi-
ble and cost-effective. Complex scoring systems offer a de-
tailed, disease-specific evaluation but may be resource in-
tensive. The observed limitations emphasize the need for
a more comprehensive and detailed phenotyping of CS pa-
tients. It becomes crucial to delve deeper into haemody-
namic parameters and differentiate between aetiologies
to better capture the full spectrum of factors influencing
outcomes.

Subgroup analysis

Subgroup analyses revealed moderate performance across
age groups (<60 or >60 years and sex) and superior pre-
dictive capacity for patients presenting with STEMI, AMI-
CS, and OHCA of particular scores (SIC, ASI, and AMSI).
Our findings demonstrated a superior predictive ability of
SIC in STEMI and AMI-CS patients who presented with car-
diogenic shock, where it achieved an AUC of 0.714 and
0.696, respectively. This observation is similar to the results

Table 5 Prognostic performance of shock indices in different
sub-groups

SIC in
STEMI

SIC in
AMI-CS

ASI in
OHCA

AMSI in
OHCA

Threshold 53.57 35.36 74.12 97.98
Sensitivity (%) 65.1 80.5 42.9 41
Specificity (%) 72.8 51.1 91.3 93.2

PPV (%) 45 59 30 28
NPV (%) 52 52 52 53

Youden index 0.38 0.32 0.34 0.34
LR+ 2.39 1.65 4.95 6.08
LR� 0.48 0.38 0.63 0.63

Youden index = (sensitivity + specificity) – 1.
Abbreviations: AMI-CS, acute myocardial infarction—cardiogenic
shock; AMSI, age-modified shock index; ASI, adjusted shock index;
LR, likelihood ratio; NPV, negative predictive value; OHCA, out-of-
hospital cardiac arrest; PPV, positive predictive value; SIC, shock in-
dex-C; STEMI, ST-elevation myocardial infarction.
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of other studies that enrolled patients with a STEMI diagno-
sis alone. Ran et al. identified the SIC as the best predictor
in a broader STEMI patient population (AUC of 0.877).21

Similarly, Chiang et al. endorsed the SIC’s predictive superi-
ority among other SIs in all STEMI patients (AUC of
0.818).22 Our findings suggest that the SIC’s predictability
varies depending on the patient subset and severity of the
condition resulting in a lower AUC in those with STEMI-CS
than those not in CS.

Our analysis revealed that AMSI and ASI stand out in their
predictive ability for in-hospital mortality in those presenting
with OHCA. Van Bergen et al. assessed the utility of SI and
MSI predictors of mortality in all patients with OHCA regard-
less of aetiology. They found an AUC which aligns with our
data presented in Table S7.17 The refined predictive prowess
of ASI and AMSI may arise from factoring age in its calcula-
tion. The thresholds for OHCA patients reflect high specificity,
albeit with a lower sensitivity. Consequently, caution is war-
ranted before extrapolating the efficacy of these indices to
a broader OHCA demographic given our focus on patients
with acute cardiac disease.

Although SI presents an appealing, readily computed tool
for clinical guidance, our results show that its application is
most useful in distinct CS subgroups including STEMI or OHCA
patients. Furthermore, the study underlines the principle that
‘one size fits all’ is not applicable in predicting mortality in CS
patients. Prognostic indicators must be interpreted with dis-
cretion and should be complementary instruments in a pa-
tient’s comprehensive clinical analyses. A comprehensive tool
incorporating clinical, laboratory, and haemodynamic indica-
tors for different aetiologies is needed.35 Future studies
should focus on creating and validating such integrated
models, ensuring they are robust and generalizable across di-
verse patient populations.

Limitations

The observational nature of our research allows us to estab-
lish associations and not causation. It is crucial to highlight
that 40% of our CS patients were transferred from another
hospital. This could introduce a significant bias, given that
recorded SI might not reflect the true initial presentation
of the patient in the CCU. Instead, these indices were poten-
tially captured at a later stage. To address this concern, we
calculated the AUCs for all indices in the subgroup of pa-
tients transferred from another hospital and compared the
values with those non-transferred. The analysis revealed
no significant difference between the two groups (Tables
S8 and S9).

Furthermore, while our cohort is sizable, it is derived from
a single centre. Future multicentre, prospective studies are

crucial to validate our findings and to compare SI metrics di-
rectly with established risk scores for CS.

Conclusions

While SI was independently associated with in-hospital mor-
tality in CS patients, the clinical application is limited. Nota-
bly, SIC, ASI, and AMSI showed enhanced predictive capacity
in subgroups, like STEMI-CS, ACS-CS, and in shock patients
presenting with OHCA, suggesting that context-specific
utilization might be beneficial. To maximize the utility of
these indices, integration into a broader prognostic model
that encompasses clinical, laboratory, and haemodynamic
parameters could be more effective.
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