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ABSTRACT

Background: Cardiogenic shock (CS) remains a critical complication
of acute myocardial infarction (AMI) with severe outcomes. The Society
for Cardiovascular Angiography and Interventions (SCAI) classification is a
valuable tool for assessing the severity and progression of CS.

Objectives: Our study aimed to evaluate the association between initial
SCAI classification and 30-day mortality in AMI patients and assess the
prognostic value of SCAl changes within 24 hours post-admission.

Methods: All patients with AMI were classified according to the SCAI
stages at admission and re-evaluated after 24 hours. 30-day mortality rates
were compared across SCAI stages, and Cox regression analysis was used to
assess the risk of death based on 24-hour transition SCAI classification.

Results: At admission, among 232 AMI patients, 50.8% were classified as
SCAI A, 21.6% as SCAI B, 23.3% as SCAI C, and 4.3% as SCAI D/E. The 30-day
mortality rates for each classification were 1.7% for SCAI A, 30.0% for SCAI B,
68.5% for SCAI C, and 90% for SCAI D/E. Within 24 hours of admission, 14.5%
of patients experienced a worsening SCAI stage, 73.4% remained unchanged
SCAI, and 12.1% showed improved SCAI. Patients with a worsening SCAI
classification had a significantly higher risk of 30-day mortality, with an
adjusted hazard ratio (HR) of 50.4 compared to those with stable SCAI status
(p log-rank = 0.00001). Conversely, patients with stable or improved SCAI
stages had notably lower mortality rates.

Conclusion: The initial SCAI stage at admission and its changes within 24
hours are crucial predictors of 30-day mortality in AMI patients with CS.

Keywords: Cardiogenic shock, SCAI classification, acute myocardial
infarction, mortality rate, prognosis.

List of abbreviations

AMI: Acute Myocardial Infarction, EF = Ejection Fraction, SCAIl: Society for
Cardiovascular Angiography and Interventions, STEMI: ST-segment elevation
myocardial infarction, Non-STEMI: non ST-segment elevation myocardial
infarction.

INTRODUCTION

Cardiogenic shock due to myocardial infarction is a severe condition with
high mortality rates; however, the treatment strategies remain challenging
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in clinical practice.! Various definitions, classifications,
and diagnostic criteria for cardiogenic shock have
been published based on clinical trials or treatment
guidelines.”® The inconsistency in the definition and
classification of cardiogenic shock can pose difficulties
for clinicians in practice as well as in the research
application. Therefore, the Society for Cardiovascular
Angiography and Interventions (SCAI) introduced
a standardized classification of cardiogenic shock,
knownasthe SCAlCardiogenicShockClassification.™"
This classification was subsequently validated and
updated for improved clarity and precision.’? In
Vietnam, limitted studies have been conducted to
classify cardiogenic shock patients; therefore, our
study was designed to evaluate the ability of the SCAI
classification at the time of admission and 24-hour
transition SCAI classification to predict short-term
mortality in patients with myocardial infarction.

STUDY SUBJECTS AND METHODS
Study site

Vietnam National Heart Institute, Bach Mai Hospital.
Study period

01/08/2022 - 02/04/2023.
Study subjects

232 patients with acute myocardial infarction
(AMI) with ST-segment elevation (STEMI) and acute
myocardial infarction without ST-segment elevation
(NSTEMI).
Inclusion criteria

Diagnosis of STEMI based on the 2018 Fourth
Universal Definition of Myocardial Infarction.
Diagnosis of NSTEMI based on the 2020 European
Society of Cardiology Guidelines.'
Exclusion criteria

Patients or theirfamilies who refused to participate
in the study. Patients with severe comorbidities, such
as end-stage liver, kidney, or respiratory diseases,
which could affect short-term mortality outcomes.
Study design

Cohort study.
Sampling method

We included all patients diagnosed with acute

myocardial infarction admitted and treated at the
Vietnam National Heart Institute, Bach Mai Hospital,
from 01/08/2022 to 02/04/2023.

SCAI Classification of Cardiogenic Shock applied
in the study (evaluated at admission and 24 hours
post-admission):

SCAI Stage A: All patients diagnosed with acute
myocardial infarction at the Vietnam National Heart
Institute identified as being at risk of developing
cardiogenic shock. SCAIl Stage A includes patients
presenting with clinical signs such as cool extremities,
palpable peripheral pulses, normal consciousness, no
pulmonary rales, systolic blood pressure (SBP) = 100
mmHg, and normal renal function.

- SCAIl Stage B: Patients with cool extremities,
palpable peripheral pulses, normal consciousness,
possible pulmonary rales, SBP < 90 mmHg oradrop in
SBP > 30 mmHg from baseline, heart rate = 100 beats/
min, and normal lactate levels.

- SCAIl Stage C: Clinically congested, cool and
moist skin, pulmonary rales, oliguria, lactate > 2
mmol/L, creatinine increase 1.5 times above normal
values, elevated NT-proBNP.

- SCAIl Stage D: Severe, refractory congestion,
extensive pulmonary rales, prolonged lactate >
2 mmol/L, requiring high-dose vasopressors or
mechanical circulatory support.

- SCAl Stage E: Unconsciousness, circulatory
collapse, lactate = 8 mmol/L, pH < 7.2, severe
hypotension despite maximal hemodynamic support.

24-hour transition SCAl classification:
SCAIl classification was assessed upon patient
admission and reassessed 24 hours later. Based on
these classifications, we categorized the patients
as follows: “unchanged SCAI" if the classification
remained the same after 24 hours, "worsening
SCAI" if the classification worsened compared to
admission, and “improved SCAI" if the classification
improved after 24 hours.

Study outcome

All-cause mortality within 30 days of admission.
Data on this outcome was collected through phone
calls to the patient’s family.
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Data collection method

A standardized research medical record form was
used to collect data for all patients enrolled in the
study. Information included demographics, medical
history, symptoms, echocardiographic
parameters, blood test results, and all-cause mortality
status within 30 days.
Data Analysis

Data was entered using SPSS 20.0 software and
checked internally for inconsistencies or errors. Data
analysis was performed using Stata 14.0 software.
For qualitative variables, we calculated frequency
and percentage to describe the characteristics of the
study population. For quantitative data, we calculated
mean * standard deviation. We computed adjusted

clinical

HR using Cox regression to explore the association
between early cardiovascular events and cardiogenic
shock classification. Kaplan-Meier curves and log-
rank tests were conducted to compare the differences
in the timing of mortality events among patients
with different cardiogenic shock classifications.
For statistical significance, p < 0.05 was considered
significant. For HR or adjusted HR, statistical
significance was determined when the 95% Cl did not
include 1.
Ethics of the Study

The study was conducted in compliance with
ethical principles in medical research.

RESULTS

Table 1. Clinical and Paraclinical Characteristics of Study Subjects According to SCAI Classification

sl SCAl (lassification at Admission
L. era
Characteristics (n=232) SCAIA SCAIB SCAIC SCAID/E
(n=118) (n=50) (n=54) (n=10) P
Age (years) 70.1+127 67.5+135 709+125 73.4+£10.1 70.1+£127 0.001
Female 73 (31.5%) 33(28.0%) 16 (32.0%) 21(38.9%) 3(30.0%) 0.56
Hypertension 147 (63.4%) 81(68.6%) 26(52.0%) 34(63.0%) 6 (60.0%) 0.23
Diabetes 60 (25.9%) 22 (18.6%) 16 (32.0%) 16(29.6%) 6 (60.0%) 0.01
Dyslipidemia 6 (2.6%) 5(4.2%) 1(2.0%) 0 (0%) 0(0%) 0.39
Systolic Blood Pressure
1213+ 235 1329+ 11.0 1221+£215 100.6 =159 95.0+22.2 0.001
(mmHg)
Diastolic Blood Pressure
746+13.2 79.9+11.0 756129 64.2+99 60.0+13.1 0.001
(mmHg)
Heart Rate (beats/min) 87.1+225 80.8+13.7 904+25.7 974+266 88.3+42.2 0.001
ST-Elevation Myocardial
. 166 (71.6%) 83(70.3%) 30(60.0%) 46(85.2%) 7(70.0%) 0.04
Infarction
Creatinin (umol/L) 109.8 + 86.8 90.1+44.7 117.0+£106.1 123.4+584 2263+2513 0.0001
TroponinT (ng/L) 2,140.7 £29579 | 1,7149+3,1573 | 1,6643+1,868.2 | 3,604.9+3,1523 | 1,744.1+1,144.8 | 0.001
NT-proBNP (pg/mL) 04465+114724 | 3,868.7+7,5469 | 9,197.2+11,178.1 | 14976.3+12,173.9 | 11,7285+1,144.8 | 0.0001
(Ejection Fraction) EF (%) 452+115 504+94 41.9+10.6 38.0+£9.2 346+176 0.0001
pH at Admission 738+0.10 7.42+0.03 7.42 +0.06 737011 7.23+0.10 0.0001
Lactate at Admission
3.8+40 1.3+06 17+09 41+26 12.7+6.2 0.0001
(mmol/L)
30-Day Mortality 63 (27.2%) 2(1.7%) 15 (30.0%) 37 (68.5%) 9(90.0%) 0.001
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Comment: The more severe the SCAI classification
of cardiogenic shock, the more deteriorated the
clinical parameters (systolic blood pressure, diastolic
blood pressure, and heart rate) and laboratory test
results (blood pH, admission blood lactate, creatinine,
troponin T, NT-proBNP, and EF).
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Figure 1. 30-day Mortality Rate by Changes in SCAI
Classification

Comment: The severe cardiogenic shock group
(SCAI C/D/E) has a significantly lower survival rate
compared to the mild shock group (SCAI A/B), with a
log-rank p-value of 0.0001.
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Figure 2. 30-day Mortality Rate by Changes in SCAI
Classification

Comment: The 30-day mortality rate s
significantly higher in the group with worsening
SCAI classification, while it is lower in the group with

improved or unchanged SCAI classification.
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Figure 3. 30-day mortality by 24-hour SCAl transition

Comment: The group with worsening SCAI
classification within 24 hours has a significantly lower
survival rate compared to the group with unchanged
or improved SCAI classification within 24 hours, with a
log-rank p-value of 0.0000.

Table 2. 30-day Mortality Risk by SCAl Improvement

Variable Crude HR (95%Cl) | Adjusted HR(95% Q)
Improved SCAI 0.6(0.1-4.8) 1.1(0.1-89)
Worsening SCAI | 127.8(32.9—495.0) 50.4(17.9-141.6)

Male 04(02-08) 0.6(03-14)

Age =70 57(24-13.8) 3501.3-9.8)
Coronary artery

stening 0.1(0.05-0.4) 04(0.2-0.9)

Reference group: unchanged SCAI

Comment: Compared to patients with unchanged
SCAl classification, those with worsening SCAI
classification after 24 hours have a 50.4-fold higher
risk of 30-day mortality (adjusted for gender, age, and
coronary stenting status).

DISCUSSION

Clinical and paraclinical characteristics by SCAI
Classification at admission

The mean age of patients with acute myocardial
infarction (AMI) in our study was 70.1 years, with
31.5% female. Previous studies reported a mean age
of 69.3 years with 37% female among patients in
cardiovascular intensive care units, and 67 years with
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28% female in cardiogenic shock patients.”>'® In our
study, apart from diabetes, no significant differences
in the prevalence of cardiovascular conditions and
risk factors were observed among the SCAIl shock
subgroups. However, other studies have noted
significant differences in cardiovascular history and
risk factors across these subgroups.'® Therefore,
demographic characteristics, cardiovascular history,
and risk factors may vary across studies depending on
the population. Despite these variations, most studies
consistently indicate that the mean age of patients
in the more severe shock categories (SCAI C/D/E)
is generally higher than those in the milder shock
categories (SCAI A/B))."*"” Clinical parameters such as
heart rate, systolic blood pressure, and diastolic blood
pressure showed significant variation across SCAI
shock subgroups. Additionally, laboratory parameters
at admission, including white blood cell count, urea,
creatinine, glucose, NT-proBNP, troponin T, pH, blood
lactate levels, and left ventricular ejection fraction (EF),
differed significantly among SCAI subgroups (Table 1).
These findings align with previous reports.’'®

The distribution of AMI patients across SCAl
classifications at admission in our study was 50.8%
for SCAI A, 21.6% for SCAI B, 23.3% for SCAI C, 3.4%
for SCAI D, and 0.9% for SCAI E. Variations in SCAI
classification rates at admission are influenced by
the study population and clinical setting. Studies
conducted in shock centers reported that around
80% of patients were classified as having severe shock
(SCAI C/D/E) upon admission.’®'” In contrast, over 70%
of patients in cardiovascular intensive care units (CICU)
presented with mild shock (SCAI A/B) at admission."
Relation between SCAI Classification at admission
and 30-day mortality

The more severe the SCAI classification, the
higher the 30-day mortality rate. In our study, all
patients classified as SCAI E at admission died, while
75% of those classified as SCAI D did not survive. In
contrast, the 30-day mortality rates for patients in
the SCAI A and SCAI B groups were 1.7% and 30.0%,
respectively. Patients classified as SCAI C and SCAI D/E
had a significantly higher mortality rate compared to

those in the SCAI A and SCAI B groups, with a log-rank
p-value of 0.0001 (Figure 1). Previous research has
shown similar results. A study involving over 1,000
patients demonstrated a clear distinction in short-
term survival probabilities among SCAI subgroups,
with the highest 30-day survival observed in SCAI A,
followed by progressively lower survival in SCAI B,
SCAI C, SCAI D, and the lowest in SCAI E.'* Another
analysis of mortality risk based on SCAI classification
found that, using SCAI C as the reference, the mortality
risk for patients classified as SCAI D and SCAI E was
4.1 times and 10.3 times higher, respectively, in those
diagnosed with either AMI or acute heart failure.”

30-day mortality based on 24-hour SCAI transiton

SCAIl classification
good prognostic insight, but it becomes even
more predictive when reassessed 24 hours post-
admission.” In our study, among the 207 AMI
patients who survived 24 hours from admission,
73.4% had unchanged SCAI after 24 hours, while
12.1% improved and 14.5% worsened. \We observed
that patients with improved or unchanged SCAI had
a better 30-day survival prognosis than those whose
SCAI classification worsened (Figure 2 and 3). We
performed a Cox regression analysis to assess 30-day
mortality risk based on SCAl improvement. Variables
included in the model were gender, age, and coronary
stenting status, with the unchanged SCAI group as
the reference. The results indicated that patients
with worsening SCAI after 24 hours had a 50.4-fold
higher mortality risk compared to the unchanged
SCAI group, while the improved SCAI group did not
show a significant reduction in mortality. Additionally,
age over 70 years was an independent predictor
of increased mortality risk, with a 3.5-fold increase
compared to those under 70 (Table 2).

A study involving 237 patients with cardiogenic
shock, of whom 43% had AMI and 37% had acute heart
failure, ranging from SCAI B to SCAI D, across 11 cardiac
centers in Italy, indicated that SCAI dassification is
dynamic and suggested that reassessment at 24 hours
post-admission provides better prognostic accuracy
for mortality than admission-based classification alone.

at admission offers a

84 Bui VH, Van DH, Pham MH, et al. J Vietham Cardiol 2024;112E:80-86. doi:10.58354/jvc.112E.2024.880



Original research b

Adjusting for factors such as age, gender, lactate levels,
glomerular filtration rate, central venous pressure,
vasopressor use, and mechanical support devices,
the study concluded that SCAI classification at 24
hours was an independent predictor of in-hospital
mortality. This underscores the importance of early and
aggressive intervention in cardiogenic shock to stabilize
hemodynamics, particularly in patients with severe
presentations.” In another study, 300 AMI patients
classified as SCAl C, D, and E were monitored using
left ventricular assist devices (LVADs) and assessed for
cardiogenic shock severity at admission and 24 hours
post-admission, using both invasive and non-invasive
hemodynamic measurements. The results indicated
that for patients with similar initial shock severity, a
deterioration in shock severity after 24 hours led to
decreased survival at discharge, emphasizing the critical
nature of the “golden hours” in managing shock.?'
Baran et al. evaluated 166 cardiogenic shock patients
classified by SCAI stage at admission and at 24 hours,
following them for 30-day mortality. They found that
reassessment of the SCAIl stage at 24 hours served as
a strong predictor of 30-day survival, with patients
whose shock severity improved demonstrating
better outcomes than those with stable or worsening
conditions. Notably, patients with unchanged shock
severity after 24 hours had outcomes similar to those
whose condition worsened .
Limitations of the Study

Our study has several limitations. First, the sample
size is relatively small, predominantly comprising
patients classified as SCAI A, with a limited number
of cases in the SCAlI D and SCAI E groups. As a
result, we could not thoroughly analyze the clinical
characteristics, paraclinical findings, and cardiovascular
events of the SCAI D and SCAI E subgroups. Second,
the in-hospital mortality rate could not be directly
assessed, as families often requested discharge when
the patient’s condition deteriorated. Consequently,
instead of reporting in-hospital mortality, we evaluated
the proportion of patients who either died or were
discharged in critical condition. It should be noted that
many of these patients did not die immediately after

discharge but may have passed away days later. Third,
the assessment of 30-day mortality was based on
follow-up phone calls to the patients'relatives, as there
is no centralized mortality management database
in Vietham. This method may introduce recall bias
concerning the exact date of death. To minimize this
limitation and improve the accuracy of our data, we
often cross-checked the date of death using both
lunar and solar calendars during follow-up calls.

CONCLUSION

The SCAI classification effectively predicts 30-day
mortality in acute myocardial infarction patients with
cardiogenic shock. A higher SCAI stage at admission
and 24 hours post-admission is associated with
increased 30-day mortality rates. Monitoring changes
in SCAI classification over time can guide treatment
decisions and enhance patient outcomes.
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