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Abstract

Background—Early revascularization (ERV) is beneficial in the management of CS
complicating myocardial infarction. The severity of CS varies widely, and identification of
independent risk factors for outcome is needed. The effect of ERV on mortality in different risk
strata is also unknown. We created a severity scoring system for cardiogenic shock (CS) and used
it to examine the potential benefit of ERV in different risk strata using data from the SHOCK Trial
and Registry.

Methods—Data from 1217 patients (294 from the randomized trial and 923 from the registry)
with CS due to pump failure were included in a Stage 1 severity scoring system using clinical
variables. A Stage 2 scoring system was developed using data from 872 patients who had invasive
hemodynamic measurements. The outcome was in-hospital mortality at 30 days.

Results—In-hospital mortality at 30 days was 57%. Multivariable modeling identified eight risk
factors (Stage 1): age, shock on admission, clinical evidence of end-organ hypoperfusion, anoxic
brain damage, systolic BP, prior CABG, non-inferior MI, and creatinine=1.9 mg/dl (c-
statistic=0.74). Mortality ranged from 22—-88% by score category. ERV benefit was greatest in
moderate-to-high-risk patients (p=0.02). The Stage 2 model based on patients with pulmonary
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artery catheterization included age, end-organ hypoperfusion, anoxic brain damage, stroke work
and LVEF<28% (c-statistic=0.76). In this cohort the effect of ERV did not vary by risk stratum.

Conclusions—Simple clinical predictors provide good discrimination of mortality risk in CS

complicating MI. ERV is associated with improved survival across a broad range of risk strata.

Keywords
cardiogenic shock; myocardial infarction; risk assessment

INTRODUCTION

Cardiogenic shock (CS) complicates 5-8% of all cases of acute myocardial infarction (AMI)
and is a common cause of death in patients hospitalized with M13~7 An estimated 120,000
140,000 patients in North America and Europe develop CS annually. Early revascularization
(within 18 hours of shock diagnosis) has a large, favorable impact on one-year survival .8
However, not all patients receive early revascularization! and there remains wide variability
in mortality rates from CS with and without early revascularization and use of other support
measures, from less than 30 to over 80%.":%-15 Previous studies have identified patient, MI
and treatment determinants of outcome?”+10:14-16 pyplished risk models have primarily
examined populations undergoing percutaneous coronary intervention (PCI) or participating
in fibrinolytic trials.”1217 A robust risk model applicable to a broader group of shock
patients would be useful not only for discussion of benefits and risks of therapeutic options
with patients and families, but also for health care policies on resource utilization and in risk
adjustment for outcome reporting from quality improvement programs. Due to the
challenging nature of randomized trials in this critically ill population, a severity scoring
system can also be used to control for patient differences in observational studies of new
therapies. If a randomized trial is undertaken, the risk strata can facilitate patient selection.

We developed a simple severity score to estimate in-hospital mortality for patients with AMI
complicated by CS (AMI-CS) using data from the SHOCK trial and registry, using measures
available at the time of shock diagnosis, as well as a set arising from more invasive or time-
consuming diagnostic assessment. The association between early revascularization and
outcome was evaluated across the range of severity scores.

METHODS

Study Design

The NHLBI-funded SHOCK (SHould we emergently revascularize Occluded coronaries for
Cardiogenic shocK?) trial randomized 302 patients within 12 hours of diagnosis of CS
complicating Ml to either early revascularization (ERV) or initial medical stabilization
(IMS; including delayed revascularization at if clinically appropriate) at 30 international
sites between 1993 and 1998.18 Trial eligibility required pulmonary artery (PA)
catheterization. A concurrent registry included 1189 non-randomized patients with
suspected CS from 1993-1997. In this analysis, ERV for all patients was defined as PCI or
CABG performed within 18 hours of CS diagnosis. Patients who underwent late
revascularization (>18 hours after CS diagnosis) were combined with patients who did not
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undergo revascularization, in accordance with the original study protocol. All centers
obtained Institutional Review Board approval and written informed consent was obtained
from each trial patient or a surrogate as permitted by local laws.

Patient Sample

Definitions

All SHOCK Trial and Registry patients with CS due to predominant left or right ventricular
failure were included in Stage 1 analysis to identify risk factors that can be assessed early
after the diagnosis of CS— a total of 1217 patients (294 from the randomized trial and 923
from the registry). Patients with shock due to mechanical causes were excluded. For Stage 2
analysis, 872 patients who underwent PA catheterization close to the time of shock
diagnosis and prior to revascularization (if applicable) were included.

End-organ hypoperfusion, a trial inclusion criterion, was defined as urine output <30 cc/hour
or cool extremities. Anoxic brain damage was declared according to local physician
judgment regarding unconscious patients, e.g., post-arrest. Sites were instructed to take into
consideration hemodynamic course, duration and effectiveness of resuscitative efforts, and
concomitant medications that could affect mental status.

Statistical Methods

The outcome measure for this report is defined as in-hospital mortality within 30 days. Stage
1 (“Clinical”) logistic regression modeling included 32 candidate predictor variables that
were available early after shock diagnosis for all patients and included patient
demographics, heart rate, blood pressure (BP), medical history, shock timing and baseline
laboratory values. Stage 2 (“Hemodynamic”) logistic regression modeling used
measurements obtained from PA catheterization as well as left ventricular ejection fraction
(LVEF) obtained by echocardiogram or left ventriculogram. Significant Stage 2
hemodynamic predictors were then added to the final clinical model and all entries were
evaluated for significance. A p-value <0.05 was considered significant. Cox proportional
hazards regression was used to obtain a severity-adjusted relative risk estimate for the effect
of ERV.

Multiple imputation using 10 imputed datasets was used to derive a complete set of
covariate values for all clinical variables for all patients, and to derive complete covariate
values for all Stage 2 variables for the 872 patients who underwent PA catheterization. Data
completeness was >90% for the majority of variables within Stage 1, with the exception of
weight, creatinine, history of peripheral vascular disease and smoking. The c-statistic is
presented to assess goodness of fit of the logistic regression models. Nonlinear relationships
between outcome and continuous predictors were explored by fitting upper and lower
quartile indicator variables. Interactions between significant main effects and age and sex,
and a specific hypothesized interaction between systolic BP and intra-aortic balloon
counterpulsation (IABP), were examined. The scoring system was derived using point
assignments on the log odds ratio scale.
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RESULTS

There were 697 deaths among 1217 patients (57% in-hospital mortality within 30 days). The
cohort was (mean+SD) 67.7+11.7 years old and 64% male; 38% had prior MI and shock
was diagnosed on admission in 21% (Table 1). Anoxic brain damage and end-organ
hypoperfusion were strongly associated with mortality (c-statistic=0.56), and these two
variables plus age rendered a c-statistic of 0.68. The full Stage | “Clinical” multivariable
model (c-statistic=0.74) included eight risk factors (Table 2A) including older age, the
presence of shock on admission and end-organ hypoperfusion, anoxic brain damage, lower
supported systolic BP, prior CABG, non-inferior MI, and serum creatinine =1.9 mg/dl (75th
percentile) (all p<0.02). Creatinine clearance <33 ml/min was interchangeable with
creatinine 1.9 mg/dl (odds ratio 1.59, p=.013). Weight <190 Ib as well as lower diastolic
BP were independent risk factors for mortality when hypoperfusion and anoxic brain
damage were omitted from modeling. No interactions between the Stage | predictors and age
or sex were significant. An interaction between systolic BP and IABP was not an
independent predictor, indicating higher systolic BP was protective regardless of IABP
support.

Table 2B displays the scoring system based on the Stage | model. Mortality increases with
severity score category (Figure 1), up to 88% in the upper decile.

Because LVEF is often measured by echocardiography close to the time of shock
presentation, a multivariable model including LVEF (available for 51% of all patients,
imputed for the remainder) was also developed using the entire cohort (odds ratio 0.88 per
5% absolute increase in LVEF, p=0.001). This multivariable model (c=0.75) included all
clinical model predictors except for inferior (non-anterior) Ml location (p=0.30).

The mean clinical severity scores=SE for the early revascularization and no/late
revascularization groups were 33.4+0.5 and 37.1+0.4, respectively. ERV conferred a
significant benefit overall (adjusted odds ratio 0.57, 95% confidence interval 0.44 to 0.75;
relative risk 0.71, both p<0.001). We also examined whether early revascularization benefit
depended on severity score category, fit as a linear predictor. Greatest benefit of early ERV
was in patients with severity scores above the 251 percentile (risk stratum by treatment
interaction p=0.022). Of note, patients in the first severity quartile were less likely to have
had shock on admission (5% vs. 26%), and consequently more likely to have received
thrombolytic therapy for the index Ml prior to shock diagnosis (50% vs. 36%). Actual and
model-based mortality rates by treatment group demonstrated very good model fit (Table
2C).

The Stage 2 model was developed using the 872 patients who underwent PA catheterization.
There were 435 deaths (50% in-hospital mortality <30 days). Mean+SD age was 66.5+11.4
years and 64% were male; 34% had prior Ml (Table 3); 3% had isolated RV shock which
was not associated with mortality. The Stage 2 “Hemodynamic” multivariable model (c-
statistic=0.75, Tables 4A-4B) included five predictors (all p<0.002): three clinical (age, end-
organ hypoperfusion and anoxic brain damage), and two hemodynamic parameters (stroke
work and LVEF<28%).
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Table 5 displays outcome by Stage 2 severity score category. The mean+SE Stage 2 severity
score for those undergoing early vs. no or late revascularization was 43.7+0.6 and 45.2+0.4,
respectively. ERV was associated with lower mortality (adjusted odds ratio 0.62, 95%
confidence interval 0.45-0.85, p=0.003, c-statistic=0.75; relative risk 0.80, 95% confidence
interval 0.64-0.99, p=0.04). There was no significant interaction between revascularization
status and severity score quantile (p=0.35), indicating that ERV provides benefit at all levels
of severity amongst patients who undergo PA catheterization.

We also examined whether the benefit of ERV across Stage 2 severity score category
depended on age (<75 vs. =75 years), and found no interaction (p=0.47).

DISCUSSION

Cardiogenic shock complicating Ml is associated with a wide range of mortality rates that
can be estimated using readily available clinical characteristics and hemodynamic
measurements. Predictors of mortality in this analysis had partial agreement with those
reported in large registries (NRMI and GRACE). %10 The SHOCK models were derived
from a clinical trial and related registry devoted to cardiogenic shock and therefore include
more extensive information, including hemodynamic data not available in the other studies,
in part due to the requirement of PA catheterization to assess trial eligibility. This may have
led to differing multivariable findings, especially in the Stage 2 model. Clinical selection for
PCI in NRMI and GRACE may have affected relationships between patient characteristics
and mortality in these registries. For example, age was a predictor of mortality in GRACE
and SHOCK but not NRMI, likely relating to selection for revascularization. Diabetes was a
predictor of mortality in NRMI and GRACE, but not an independent risk factor in SHOCK.

Shock on admission, which was associated with more severe hemodynamic derangement,
was an independent predictor of mortality in SHOCK when right heart catheterization
hemodynamics were not considered but, for somewhat unclear reasons, was protective in the
GRACE multivariate analysis.1’” One possible explanation for this difference is that the
GRACE registry included mechanical complications, which are associated with high
mortality and often develop somewhat later after MlI.

Despite their very strong association with outcomel?, invasive hemodynamic measurements
obtained from PA catheterization surprisingly offered minimal improvement in predictive
value when included in the model (c-statistic=0.76 compared to the Stage | model c-
statistic=0.74). This may be due to lower overall risk in the PA catheterization cohort as
evidenced by its lower mortality rate.

Anoxic brain injury was a particularly powerful predictor of adverse outcome in this dataset.
However, early after arrest it can be difficult to assess whether there is irreversible injury.
The diagnosis of anoxic brain injury at SHOCK centers was a clinical determination made
locally. Because neither formal neurologic testing nor brain imaging was required for this
diagnosis, assessed within 12 hours following shock onset, the scoring system can be readily
applied to patients diagnosed with CS.
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Remarkably, systemic hypoperfusion was also a very strong independent predictor of
mortality in this cohort with suspected cardiogenic shock, even when hemodynamics and EF
were considered. This was defined as the presence of cool extremities or urine output
<30cc/hr, and would be expected to be reproducible in practice, allowing application of the
scoring system.

A major strength of this analysis is that inclusion of Registry patients allows the entire
spectrum of patients with CS due to pump failure complicating M1 to be represented,
including patients who met a randomized trial exclusion criterion such as anoxic
braidamage, prior severe systemic illness, or dilated cardiomyopathy or did not meet the
randomized trial hypoperfusion inclusion criterion. Importantly, we found no significant
interactions between the risk factors identified and age or sex, which indicates that the
severity scoring system is applicable to patients of all ages and both sexes.

A secondary aim was to assess the benefit of ERV across severity levels. Our findings
should influence physicians to consider ERV in a broader group of patients with AMI-CS.
Amongst all those presenting with shock, we found that ERV conferred benefit in Stage 1
cohort patients with scores above the first quartile of severity. This is an important finding
because it negates concerns of futility of ERV in high risk patients. Amongst the lower risk
patients, the attenuation of ERV benefit in our cohort may be due in part to the higher rate of
thrombolytic use as a form of reperfusion therapy (50% vs. 36%). In addition, in the PA
catheterization cohort, we found that the benefit of ERV at all levels of severity did not
depend on age (<75 vs. =75 years). This finding supports the ACC/AHA class lla
recommendation of ERV in older patients.

Our findings have policy and reporting implications. We identified several variables that are
important predictors of mortality but not included in typical procedural databases and
therefore cannot be included in the risk adjustment model which is used for public reporting
of procedural mortality rates, and which is known to affect practice. 2021 These include the
presence of anoxic brain damage, vasopressor requirement (Table 4A), systolic BP on
support and stroke work. Our results suggest that this information (and other unmeasured
variables, as suggested by the c-statistic of 0.76) might help adjust outcomes for case mix
among patients undergoing PCI or CABG for AMI-CS.

Research on patients with CS complicating AMI is challenging due to the wide range of
observed mortality rates and subsequent difficulty in making appropriate assumptions for the
control event rate in the design of a trial. Our scoring system should facilitate trial design by
providing refined estimates of outcome for select patient subgroups. For example, if those
planning a trial of a new therapy for CS to be applied after ERV specified inclusion criteria
of LVEF<28% and the presence of end-organ hypoperfusion, with expected mean age of 72
years and mean stroke work of 20 g/m, then the predicted mortality rate is 68%. This
estimate could then be used in to develop sample size calculations for the target patient
population.

This analysis has several limitations. The patients were diagnosed with shock and treated
between 1993 and 1999, and the management of their condition may not be completely
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representative of current approaches. However, since that period there has been no major
advance in the therapy for CS beyond ERV, and outcomes have changed little?2. Another
limitation is that non-randomized clinical selection of registry patients for revascularization
may have altered the apparent benefit of ERV in some risk strata. In addition, the test of
interaction between ERV and severity score category in the Stage 2 model may be
underpowered to detect a smaller benefit of ERV in the highest decile of severity. Finally,
our model has not been validated using an independent dataset.

In conclusion, we report a scoring system for in-hospital mortality risk in patients with AMI-
CS and have shown that ERV improves outcome across nearly all risk strata in patients with
pump failure. This scoring system can be used for risk assessment when counseling patients
and families, in health care policy resource utilization decisions, in quality improvement
systems, and design of trials to test novel therapies.
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Table 1

Patient characteristics (N=1217) by vital status (in-hospital mortality within 30 days) — Stage 1 (Clinical - no
invasive hemodynamics).

Meanz SE or %

Characteristic Dead Alive p-value
N 697 520

Age, years 70.3+0.2 64.2+0.3 <.001
Male 63.0% 65.8% .002
White, non-hispanic 81.4% 80.8% 741
MI to Shock, hours 15.3+1.1 18.5+1.5 .082
MI to Shock <2 hr 29.9% 25.2% .090
Shock on Admission 26.0% 14.0% <.001
Prior M1 42.3% 32.1% <.001
History of Hypertension 52.6% 48.6% 171
Diabetes 35.1% 29.5% .043
Congestive heart failure 18.8% 13.3% .014
Prior CABG 10.9% 6.4% .008
Prior PCI 5.9% 8.0% 176
Current Smoker 49.0% 54.8% .060
Peripheral Vascular Disease 21.41 14.8% .023
Other Severe systemic illness 7.0% 4.0% <.001
Anterior MI 58.9% 54.6% 151
Inferior MI (non-Anterior) 33.5% 39.2% .056
Absence of ST elevation and 16.0% 13.7% 274
LBBB

Weight, Ib. 163.6+£1.7 172.4+1.9 <.001
Anoxic brain damage 4.2% 0.4% .001
End-organ hypoperfusion 97.5% 88.6% <.001
Systolic BP near shock, mmHg 84.6+09  929+09 <001
Lowest Systolic BP, mmHg 68.3+0.7  70.3x0.8 .056
Diastolic BP near shock, mmHg ' 49.8£0.7  55.7#0.7  <.001
Heart Rate near shock, bpm 97.0+£1.0 95.7+1.1 .389

Left ventricular ejection fraction, %! ~ 29.0£0.9  32.9+0.7 002

Initial serum creatinine, mg/dl 1.84+0.07 1.56+0.07 .007
Creatinine 21.9 mg/dI 31.9% 19.6% .0001
Creatinine Clearance, ml/min¥ 73.8+6.3  95.6+9.5 043
Creatinine Clearance <30, mI/min'JF 36.1% 24.1% <.001
Creatine kinase (XULN) 16.4+0.8 19.8+1.8 118
Pulmonary Edema on X-ray 58.1% 65.4% .032

*
N represents total number of observations after imputation (see Methods)
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Ton support measures, including vasopressors, inotropes+lIABP; Peak BP is reported as systolic BP, i.e., for patients on IABP support, augmented
diastolic pressure is reported as systolic BP; LVEF, when measured by echocardiogram or left ventriculogram close to shock diagnosis, was
obtained without IABP support in 74%.

¢creatinine clearance estimated by C=((140-age)/creatinine)*(weight/72) for males and C*0.85 for females, with age in years, creatinine in mg/dI,
and weight in kg

BP=blood pressure; CABG=coronary artery bypass grafting; LBBB=left bundle branch block, MlI=myocardial infarction, PTCA=percutaneous
transluminal coronary angioplasty; ULN=upper limit of normal.
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Table 2A

Page 13

STAGE 1 (Clinical): Logistic Regression Multivariable Model without Invasive Hemodynamics (N=1217)

Variable Estimate  Std. Error Odds Ratio p-value
Age 0.047 .006 1.27 per 5 yr increase <.001
Anoxic Brain Damage 3.069 799 21.52 .0001
End-Organ Hypoperfusion 1.425 .333 4.16 <.001
Shock on Admission 0.654 179 1.92 .0003
Prior CABG 0.694 .235 2.00 .0032
Non-Inferior MI™ 0.327 137 1.39 0172
Creatinine 21.9 mg/dI 0.516 .162 1.68 .0016
Systolic BP -0.018 .003 1.09 per 5 mmHg decrease ~ <.001

*
Defined as Ml locations except for those with inferior but no anterior involvement

Ton support measures, including vasopressors, inotropes+IABP. Obtained prior to or without IABP support in 76%.

Am Heart J. Author manuscript; available in PMC 2014 November 12.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Sleeper et al.

Table 2B

STAGE 1 (Clinical): Scoring System without Invasive Hemodynamics®

Variable Points
Anoxic Brain 30
Damage
Shock on Admission 6
Non-Inferior Ml 3
Age, yearsi
<45 0
46.50 2
51.55 5
56.60 7
61.65 10
66.70 12
71.75 15
76.80 17
81.85 20
86.90 22
>90 25
Hypoperfusion 14
Prior CABG 7
Creatinine 21.9 mg/dI 5
Systolic BP, mmHg'r
<55 12
56-60 11
61-65 10
66-70 9
71-75 8
76-80 7
81-85 6
86-90 5
91-95 4
96-100 3
101-105 2
105-110 1
>110 0

Page 14

*
When LVEF is added to this system, non-inferior M1 has 0 points, and LVEF has 10 points if <15%, 7 points if 16-25%, 5 points if 26-35%, 2
points if 36-45%, and 0 points if >45%.

Ton support measures, including vasopressors, inotropes+IABP. Obtained prior to or without IABP support in 76%.

iWhen dichotomized to assess elderly risk, patients =75 years assigned 9 points and patients <75 years assigned zero points.

CABG=coronary artery bypass graft surgery

Am Heart J. Author manuscript; available in PMC 2014 November 12.



Page 15

Sleeper et al.

UoIeZIIRINISBARY="0SBARY ‘(SISOUBEIp %00ys BUIMO||0} SINOY 8T=) UONRZIIRINISEARY AlleI=AYT

sjusned G J0) 9|Ce[IBAR JOU SeM UOITeZIIR|NISBASI JO Buill |

‘umoys sburdnouf ajiuadiad 01 puodsallod o3 Jaybiy syuiod ¢ Ajgrewixoidde sari0bared st SpIaIA || JOLI3JUI-UOU JO peaisul 43 AT YlM waisAs T abeis ayi Jo asn

1

juawieal) pue A106a1e9 XSI JO UonJRISIUI 10} 220 0=d
x

16 €L 6 99 88 7 T€T 06< 8r<

€8 99 c8 29 8L €T yA4) 06-G. 8> 01 €Y

cL SS 17A LS 19 €¢ €9¢ G/-0S E€y>01 /€

LS 144 69 Ly ¥S 8¢ 9¢e 09-G¢ LE>010€

or o153 or Ge 8¢ 44 ST G¢—0T 0€> 01 ¢

9¢ 9¢ 14 0¢ €¢ 1174 9TT (0] 2 ve>
05BAGY 91T JOON  '0SeAdy AT '0seAS BlTTJOON  0seAdd AlEI IV AM3 % N 8lnusdsed  AaoBared sty

% ‘AN[ELIO P3)OIPaId-I9POIN

% ‘Au[eMION PaAIBSqO

" SNIEIS uonezienaseAsy pue Aiofisred 81005 Aianss (jeaiund) T abeis Aq sAep og utyum Anjerow endsoy-uj

NIH-PA Author Manuscript

Oc¢ 3lqelL

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Am Heart J. Author manuscript; available in PMC 2014 November 12.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Sleeper et al.

Table 3

Page 16

Characteristics of Patient Cohort with Invasive Hemodynamic Measurements (N=872) by vital status (in-
hospital mortality within 30 days) — Stage 2

Mean=SE or %

Characteristic Dead Alive p-value
N 435 437
Age, years 69.2+0.2 63.8+0.3 <.001
Age = 75 years 30.1% 17.6% <.001
Male 61.6% 65.9% .188
White, non-Hispanic 19.2% 19.7% .850
MI to Shock, hours 16.4+1.3 19.3+1.6 154
Shock on Admission 21.9% 14.0% .004
Prior MI 38.9% 29.2% .003
History of Hypertension 52.8% 48.8% .246
Diabetes 36.6% 28.9% .018
Prior CABG 11.0% 7.0% .040
Prior PCI 7.0% 7.6% 735
Weight, Ib 162.3+2.1 173.0+2.1 <.001
Systolic BP near shock, mmHg™ 897411  94.7+1.0 <001
Heart rate near shock, bpm™ 101512 97.0+1.2 006
Anoxic brain damage 3.7% 0.5% .005
End-organ hypoperfusion 97.1% 88.1% <.001
Initial serum creatinine, mg/dI 1.82+0.08 1.57+0.08 .049
Creatinine <1.9 mg/dI 30.2% 19.9% .005
Left ventricular ejection fraction, % 26.9+0.9 33.1+0.7 <.001
Cardiac index, L/min/m?2 1.78+0.04 2.09+0.04 <.001
PCWP, mmHg 24.9+0.4 22.9+0.4 <.001
Stroke work, g/m’ 18507 275809 <001
Stroke work index, g/m/m2 10.0£04 143104 <001
Systemic vascular resistance, dyne sec/cm®  1426+40 129432 .023
Mean right atrial pressure, mmHg 15.2+04  15.2+0.5 .993
0.26+0.01 0.33x0.01  <.001

Cardiac power index, Watt/mZT

BP=blood pressure; CABG=coronary artery bypass grafting; Ml=myocardial infarction, PTCA=percutaneous transluminal coronary angioplasty

*

on support measures, including vasopressors, inotropestlABP;72% of values reported without IABP support

TStroke work index = (MAP-PCWP)*0.0136*(CO/HR)*1000/body surface area, where MAP=mean arterial pressure, mmHg; PCWP=pulmonary
capillary wedge pressure, mmHg; CO=cardiac output, L/min; HR=heart rate

Cardiac power index=MAP*cardiac index/451
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STAGE 2: Multivariable Model* (N=872) based on Cohort with Invasive Hemodynamic Measurements

Table 4A

Variable Estimate  Std. Error Odds Ratio p-value
Stroke Work, g/m™T -.0358 .0069 0.84 per 5 units ~ <.001
LVEE <28%" 0.7880 1924 220 <.001
Age, years .0413 .0072 1.23 per 5 yr <.001
Anoxic Brain Damage 2.4902 .8168 12.1 .002
End Organ Hypoperfusion 1.3667 .3889 3.92 <.001

*
on support measures

Page 17

TStroke work=(MAP-PCWP)*0.0136*(CO/HR)*1000, where MAP=mean arterial pressure in mmHg, PCWP=pulmonary capillary wedge pressure
in mmHg, CO=cardiac output, L/min, and HR=heart rate, bpm

iSecondary analysis demonstrated that vasopressor score was also an independent predictor (p<0.001; odds ratio 2.02 per vasopressor used during

CS hospitalization)
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Table 4B

STAGE 2: Scoring System for Invasive Hemodynamic Cohort

Variable

Points

Anoxic Brain Damage

LVEF <28%"
Age, yr
<45
4651
51.56
56.61
61.66
66.71
71.76
76.81
81.86
86.91

>90

End Organ Hypoperfusion 14

Stroke Work, g/m*T
<5
6-15
16-25
26-35
36-45
46-55
>55

25
8

o o A N O

o w o O

*

on support measures

TStroke work definition is in Table 4A
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