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Abstract

Triage of patients with acute coronary syndrome (ACS) at high risk of in-hospital complications is essential. In this study, we
evaluated the quick sepsis organ failure assessment (QSOFA) score as a tool for predicting the prognosis of 964 patients admitted
to the cardiovascular intensive care unit (CICU) with ACS over a 4-year period. In total, out of 964 patients included, with a
percentage of 4.6% for 30-day mortality. The risk of 30-day mortality was independently associated with gSOFA > 2 at admission
(hazard ratio = 2.76, 95% CI 1.32-5.74, p = 0.007). For MACEs, qSOFA > 2 at admission was a predictive factor with (odds
ratio = 2.42, 95% Cl 1.37-4.36, p = .002). A qSOFA > 2 on admission had an AUC of 0.729 (95% CI [0.694, 0.762]), with a
good specificity of 91.6%. For 30-day mortality, an AUC of 0.759 (95%Cl [0.726, 0.792]) for cardiogenic shock with specificity
of 92.5%. For MACEs, an AUC of 0.702 (95% CI [0.64, 0.700] with a specificity of 95%. Concerning the different scores tested,
we found no significant difference between the Zwolle score and the qSOFA score for predicting prognosis, whereas the
CADILLAC score was better than qSOFA for predicting 30-day mortality (AUC = 0.829 and De long test = 0.03). However,
there was no difference between qSOFA and CADILLAC scores for predicting cardiogenic shock (De Long test at 0.08). This is
the first study to evaluate qSOFA as a predictive score for 30-day mortality and MACEs, and the results are very encouraging, par-
ticularly for cardiogenic shock.
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Introduction Therefore having patient triage scores on admission remains a
very important tool to predict the level of management required

The management of acute coronary syndrome (ACS) is based according to the expected complications in the acute phase.’
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In 2016, the Sepsis Survival Campaign recommended the
use of the sepsis organ failure assessment (SOFA) score to clas-
sify patients admitted to intensive care with sepsis according to
severity.’

Although the SOFA score has a high sensitivity to predict
in-hospital mortality in patients with sepsis or septic shock, it
is still a complex tool to apply at the time of admission to the
emergency department to triage patients with infection who
will subsequently develop an unfavorable outcome.*

For this purpose, the quick SOFA (qSOFA) has been pro-
posed, due to its simplicity of application during admission to
the intensive care unit (ICU).*

Our hypothesis in this paper is to evaluate the qSOFA score
on admission to the CICU in patients with ACS to predict
in-hospital mortality and major adverse cardiovascular events
(MACE) following ACS during hospitalization.

Materials and Methods
Rationale and Design of the Study

Several scores have been studied to predict the prognosis of
patients with ACS, principally the Global Registry of Acute
Coronary Events (GRACE) score,” the thrombolysis end flow
in myocardial infarction (TIMI) score,’ the Zwolle score,’
and the Controlled Abciximab and Device Investigation to
Lower Late Angioplasty Complications (CADILLAC) score.®
These scores include biological markers, which may be
falsely elevated in other conditions, and angiographic elements,
which cannot be known prior to coronary angiography and per-
cutaneous coronary intervention (PCI). For these reasons, these
scores, although having a good predictive value, cannot be used
as admission triage scores to predict the prognosis of patients
admitted with ACS who have undergone PCI. Our aim in this
study is to evaluate a purely clinical score, on admission to
the CICU, on the prediction of in-hospital outcome of patients
with ACS (with or without ST-segment elevation): the qSOFA
score.

We retrospectively included all patients admitted to the
CICU of Oujda University Hospital for ACS, over a 4-year
period, from January 2018 to December 2021. All demo-
graphic, clinical, ultrasonographic, and angiographic data, as
well as intra-hospital evolution, were obtained from patients’
electronic medical records.

Definition and Scores

Quick Sequential Organ Failure Assessment’. The quick sequen-
tial organ failure assessment (QSOFA) was defined in accordance
with the Surviving Sepsis Campaign 2016. Patients were
awarded 1 point for a Glasgow Coma Scale of 14 or less, 1
point for a systolic blood pressure of 100 mmHg or less, and a
respiratory rate of 22/min or more. A score of 2 or more is con-
sidered positive (Supplemental material; Table 1)

The Zwolle Score'®. The Zwolle risk score distinguishes ST ele-
vation myocardial infarction (STEMI) patients with a higher
risk of in-hospital adverse events after PCI. This score consists
of 6 clinical and angiographic variables (age, Killip class, myo-
cardial ischemia time, number of vessels with significant steno-
sis, anterior location of ischemia, and thrombolysis flow in
myocardial infarction after PCI), each variable is scored with
a weighted point value. Scores of 0-3 are considered low risk
of 30-day mortality or cardiac arrest after discharge, while
scores >4 are considered high risk (Supplemental material;
Table 2).

The CADILLAC Score''. The CADILLAC risk score was devel-
oped to identify patients at low risk of adverse cardiovascular
events after STEMI treated by primary PCI. This risk score
assesses several prognostic factors: age, anemia, creatinine
clearance, Killip stage, left ventricular ejection fraction, TIMI,
and the presence of multiple coronary diseases. Using this
score, patients were stratified into low (CADILLAC score 0-2),
intermediate (CADILLAC score 3-5), and high (CADILLAC
score >6) risk groups. (Supplemental material; Table 3).

Cardiogenic Shock'?. Cardiogenic shock was defined according to
the Society for Cardiovascular Angiography and Interventions
consensus statement on the classification of cardiogenic shock.
It combines a decrease in cardiac output with signs of tissue
hypoxia, in the absence of signs of hypovolemia.

The hemodynamic criteria for cardiogenic shock are

- Systolic blood pressure <90 mmHg, for at least 30 min.
- Low cardiac output (index <2.2 L/min/m?).
- Pulmonary artery occlusion pressure> 15 mmHg.

Major Ischemic Events. Major ischemic events are defined as any
ischemic event that occurs during hospitalization including
cerebral magnetic resonance imaging confirmed ischemic
stroke, early sentinel stenosis, or acute limb or mesenteric
ischemia.

Major Bleeding Events. Major bleeding events are defined as any
bleeding event that occurred during hospitalization including
cerebral hemorrhage, severe bleeding at the coronary puncture
site, internal or external bleeding that required discontinuation
of antithrombotic therapy, and intervention to stop the bleeding.

Acute Coronary Syndromes and Coronary Lesions. We defined
ACS as STEMI or non-STEMI (NSTEMI). For coronary
lesions, we defined it as a stenosis of more than 50% in the
left main (LM) and 70% in the other arteries.

Outcomes

We first determined the predictors of 30-day all cause mortal-
ity after admission to CICU as primary outcome, then the pre-
dictors of MACEs during hospitalization as secondary
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composite outcomes of acute heart failure, major ischemic
events, major bleeding events, and cardiogenic shock during
hospitalization.

Statistical Analysis

Normally distributed quantitative variables were described
as mean and standard deviation, and analyzed between the
2 groups using the #-student test. Nonnormally distributed quan-
titative variables were described as median and interquartile
range, and analyzed by nonparametric tests. Categorical variables
were described as numbers and analyzed between the 2 groups
using Pearson’s chi-square test or Fisher’s exact test.

A Cox proportional hazards regression model was used to
estimate hazard ratios (HRs) and 95% confidence intervals
(CIs) for 30-day mortality, and logistic regression analysis
was performed to investigate predictors of MACE with associ-
ated 95% CI and 2-tailed p-value indicated. A univariate
approach was first performed for all covariates, then a multivar-
iate analysis was performed for all covariates that showed a stat-
istically significant result in the univariate analysis, with an
associated 95% CI and 2-tailed p-value indicated. The
Kaplan—-Meier method was used to estimate survival, and the
logrank test was used to assess hypotheses concerning differ-
ences observed in survival curves. For all tests, a p-value of
<.05 was considered statistically significant.

Receiver characteristic curves were generated for predictive
accuracy of in-hospital mortality and MACE using the gSOFA
score. The area under the curve (AUC) of the score is provided
and compared, using the De Long test, with that of the
CADILLAC and Zwolle scores. Data were collected and pro-
cessed using IBM SPSS 26.0 statistical software.

Ethical Approval

This study did not require formal ethics approval. Access to
patient data was authorized and approved by the Mohammed
VI University Hospital. Given the retrospective design of this
study. The requirement for patient consent was waived by the
local ethics committee. Data anonymity was respected in accor-
dance with national and international guidelines.

Results

General Characteristics

We included a total of 964 patients in this study who met the
inclusion criteria. A predominance of males was noted, with a
total proportion of 74.4%. Patients with a gSOFA score of 2
or 3 at admission had a higher mean age than patients with a
gSOFA score of 0 or 1, with a mean age of 68.5 years versus
61.931 days, with a significant difference (p <.001). The same
observation was made for the length of hospital stay (5.83 days
for qSOFA 2-3 vs 3.61 days for gSOFA 0-1) (p<.001).

For cardiovascular risk factors, diabetes and hypertension were
the most frequent. Previous coronary heart disease was present

in 10% of patients (p = .002), and previous heart failure in
2.6% (p = .041). The qSOFA 2-3 group had delayed consulta-
tions, with a mean time from symptom onset to consultation of
19 h versus 15.1 h in the qSOFA 0-1 group (p<.001).

Regarding the type of ACS on admission, 72.2% were pre-
sented as STEMI, and the remainder as NSTEMI. On echocar-
diography, the qSOFA 2-3 group had significantly more altered
left and right ventricular systolic function with respective
p-values (p<.001; p = .004), with a reduced ejection fraction
in the same group (43% vs 48%; p<.001).

Coronary angiography showed multivessel involvement in
48% of patients, with the left anterior descending (LAD)
artery the most pathological artery in 72.5%. As for the
culprit artery, the middle or distal LAD was the most frequent,
followed by the left circumflex artery (LCX), then the right cor-
onary artery, with no difference between the qSOFA 0-1 or 2-3
groups. On the other hand, there was a difference concerning the
LM and ostio-proximal LAD as the culprit artery (p = .032).

PCI was performed in 71.5%, surgery in 11.6%, and medical
treatment in 16.9%, with no difference between the 2 groups.
There was no difference between the 2 groups in the time
between admission and PCI. During hospitalization in CICU,
patients with gSOFA 2-3 group benefited more from central
venous access (p <.001), as well as more recourse to vasoactive
drugs (p<.001), and the performance of noninvasive ventila-
tion with positive pressure (p = .001).

MACEs were more frequent in the qSOFA 2-3 group, with a
significant difference for cardiogenic shock (p <.001), ischemic
events (p = 0.001), and hemorrhagic events (p = 0.006), but
not for acute heart failure (p = 0.058). The same was observed
for life-threatening ventricular arrhythmia, severe conduction
disorders, and mechanical complications. For 30-day all-cause
mortality, 45 events were observed, with a significant difference
between the 2 groups (p <.001).

Table 1 summarizes the general characteristics of our
patients according to the gSOFA score on admission.

Primary and Secondary Outcomes Analysis

In multivariate analysis, and after adjustment, the risk of mortal-
ity at 30 days was independently associated with the gSOFA >
2 at admission (HR=2.76, 95% CI 1.32-5.74, p = .007),
cardiogenic shock in CICU (HR =4.08, 95% CI 1.91-8.71,
»<0.001), LM and ostial-proximal LAD as culprit artery
(HR=3.67, 95% CI 1.721-7.55, p = .001), acute kidney
injury with a glomerular filtration rate (GFR)<30 mL/min/
1.73 m* (HR = 3.04, 95% CI 1.24-7.26, p = .015) In addition,
an ejection fraction <40%, a mechanical complication, a major
bleeding event, and a C-reactive protein>300mg/L (Table 2).

The Kaplan—Meier event curve (Figure 1) showed that a
qSOFA >2 score at admission was significantly associated
with an increased incidence of all-cause mortality at 30 days
of admission (logrank <.001).

A multivariate logistic regression analysis identified the
following MACE risk, qSOFA >2 at admission (OR =2.42,
95% CI 1.37-4.36, p =0.002), prior atrial fibrillation with
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Table |I. Comparison of Basic Characteristics of Patients With ACS According to qSOFA Score at Admission in CICU.

Variables qSOFA (0-1) (835/964) qSOFA (2-3) (129/964) p-Value
Sex
* Male 624 (86.7%) 96 (13.3%) Ref
* Female 211 (86.5%) 33 (13.5%) .508
Age (SD) 61.93 (10.77) 68.50 (9.322) <.001
Length of stay (days) (SD) 3.61 (10.3) 5.83 (20.2) <.001
Cardiovascular risk factors
* Obesity 245 (25.4%) 45 (4.7%) 121
* Android obesity 229 (23.8%) 47 (4.9%) .024
* Arteriel hypertension 298 (30.9%) 82 (8.5%) <.001
* Diabetes 309 (32.1%) 64 (6.6%) .009
* Dyslipidemia 60 (6.2%) I (1.1%) .587
* Active smoking 221 (22.9%) 16 (1.7%) <.001
* Chronic kidney disease 3 (0.3%) 9 (0.9%) .002
Cardiovascular history
» Coronary artery disease 74 (7.7%) 22 (2.3%) .002
* Heart failure 21 (2.2%) 4 (0.4%) 041
* Arrhythmia 6 (0.6%) | (0.1%) 979
* Severe valvular disease 8 (0.8%) 0 (0%) 981
Time from symptoms to consult (Hours) 15.1 (10.3) 19 (20.2) <.001
Heart rate at admission 83 (18) 83 (20) 192
Killip class at admission
« 0l 768 (79.7%) 104 (10.8%) Ref
- >l 67 (7%) 25 (2.6%) <.001
EKG at admission
* ST-segment elevation 600 (62.2%) 96 (10%) 312
* AVR ST elevation 49 (5.1%) 14 (1.5%) .053
» ST-segment depression 423 (43.9%) 78 (8.1%) .024
» LBBB 28 (2.9%) 6 (0.6%) .165
* RBBB 32 (3.3%) 7 (0.7%) 210
* High-degree conduction disorder 14 (1.4%) 10 (1.1%) <.001
Echocardiographic findings
* EF at admission 48 (11) 43 (13) <.001
* LV systolic function
+ Normal 441 (45.7%) 48 (5%) Ref
+ Mildly reduced 174 (18%) 29 (3%) .027
+ Reduced 220 (22.8%) 52 (5.4%) <.001
* LV diastolic function
+ Normal 718 (74.5%) 85 (8.8%) Ref
% Indeterminate 26 (2.7%) 5 (0.5%) 421
« Dysfunction 91 (9.4%) 39 (4.0%) .158
* RV systolic dysfunction 36 (3.7%) 14 (1.5%) .004
Coronarography findings
LM 78 (8.1%) 13 (1.3%) 446
* LAD 599 (62.1%) 100 (10.4%) .102
+ LCX 315 (32.7%) 48 (5%) .102
* RCA 393 (40.8%) 63 (6.5%) 778
Number of coronary lesions
o 438 (45.5%) 61 (6.3%) .092
2 208 (21.6%) 40 (4.1%) 983
*3 155 (16.1%) 27 (2.8%) .076
* >30orLM 34 (3.5%) I (0.1%) .106
Culprit Artery
* LM or proximal LAD 51 (5.3%) 12 (1.2%) .032
* Mild or distal LAD 468 (48.5%) 77 (8%) .103
« LCX 147 (15.2%) 16 (1.7%) .87
* RCA 169 (17.5%) 24 (2.5%) A3

(continued)
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Table |. (continued)
Variables qSOFA (0-1) (835/964) qSOFA (2-3) (129/964) p-Value
Biological findings
* Hb
>10 g/dL 693 (71.9%) 72 (7.5%) Ref
<10 g/dL 142 (14.7%) 57 (5.9%) .001
* GFR mL/min/I.73 m*
>30 904 (93.8%) 2 (3.3%) Ref
<30 15 (1.6%) 3 (1.3%) <.001
* Platelet
>80 G/L 913 (94.7%) 45 (4.7%) Ref
<80 G/L 3 (0.3%) 0.3 (0.3%) .034
* CRP
<300 mg/L 814 (84.4%) 125 (13%) Ref
>300 mg/L 21 (2.2%) 4 (0.4%) 764
*+ WBC
<12 000/mm? 780 (80.9%) 121 (12.6%) Ref
>12 000/mm? 55 (5.7%) 8 (0.8%) 527
Management in CICU
* Central venous access 43 (4.5%) 8 (2.9%) <.001
* Thrombolysis 223 (23.1%) (3.2%) 324
* Vasopressor or inotrope use 37 (3.8%) 28 (2.9%) <.001
* NIPPV without MV 65 (7.9%) 25 (1.7%) .001
Revascularization management
* PCl 592 (61.4%) 97 (10.1%) .08
* Surgery 94 (9.8%) 7 (1.8%) 21
* Medical management 149 (15.8%) 15 (1.1%) .103
Number of implanted stents
+ Drug-eluting balloon 30 (3.1%) 8 (0.8%) 470
| 375 (38.9%) 47 (4.9%) 137
) 138 (14.3%) 23 (2.4%) 202
>3 48 (5%) 18 (1.9%) 827
Door to balloon time
*<2h 87 (9%) 13 (1.3%) 403
*>2h 505 (52.4%) 84 (8.8%) .064
Outcomes
In CICU complications
MACE
* Acute heart failure 54 (5.6%) 14 (1.5%) .058
* Ischemia events 21 (2.2%) 18 (1.8%) .00l
* Hemorrhagic events I (1.1%) 9 (0.9%) .006
* Cardiogenic shock 32 (3.3%) 22 (2.3%) <.001
Life-threatening VA 18 (2%) I (1%) .001
Life-threatening CD 9 (1%) 3 (0.3%) 012
Mechanical complication 2 (0.3%) 4 (0.3%) .004
Resuscitate cardiac arrest 7 (0.7%) 2 (0.2%) 344
30-day all-cause mortality 20 (2.1%) 25 (2.6%) <.001

Abbreviations: ACS, acute coronary syndrome; gSOFA, quick sequential organ failure assessment; LBBB, left bundle branch block; RBBB, right bundle branch block;
EF, ejection fraction; LV, left ventricle; RV, right ventricle; LM, left main; LAD, left anterior descending; LCX: left circumflex artery; RCA, right coronary artery; Hb,
hemoglobin; GFR: glomerular filtration rate; CRP, C-reactive protein; WBC, White blood cell; CICU, cardiovascular intensive care unit; NIPPV, no invasive positive
pressure ventilation; PCI, percutaneous coronary intervention; VA, ventricular arrhythmia; CD, conduction disorder; MACE, major adverse cardiovascular events;
EKG, electrocardiogram; AVR, lead aVR; MV, mechanical ventilation.

Results in bold mean significant results, i.e. p-value < .05.

CHADS2-VA2SC>1 (OR=4.92, 95% CI 3.08-7.73, p = .041),
Killip stage>1I on admission (OR=4.92, 95% CI 2.76-6.76,

p<.001), LM or ostia-proximal LAD as culprit artery (OR=

2.939, 95% CI 1.92-5.19, p = .001). Adding to this, ejection

fraction <40%, diastolic dysfunction, and acute kidney disease
with a GFR <30 mL/min/1.73 m? (Table 3).

The Kaplan—Meier event curve showed that a gSOFA >2

score on admission was significantly associated with an increased



Clinical and Applied Thrombosis/Hemostasis

Table 2. Cox Proportional Hazards Regression Analyses for 30-Day all-Cause Mortality.

Univariable analysis

Multivariable analysis

Variables Adjusted HR 95% ClI p-value Adjusted HR 95% ClI p-value
* Prior CAD 2.926 [1.481, 5.783] .002

* EF <40% at admission 6.526 [3.127, 7.183] <.001 4.71 [2.027, 6.898] <.001
* LM or proximal LAD as culprit artery 5.735 [2.944, 9.169] <.001 3.67 [1.721, 7.558] .001
* Door to balloon >120 min 1.823 [1.221, 3.293] .03

* Cardiogenic shock 10.261 [5.175, 13.910] <.001 4.08 [1.91, 8.71] <.001
* Cardiac arrest 6.113 [3.472, 9.382] 013

* Mechanical complications 11.940 [3.682, 15.713] <.001 3.79 [1.98, 12.42] .0l
* Ischemic events 4.097 [1.845, 9.096] .001

* Hemorrhage events 4.220 [1497, 11.896] .006 6.74 [2.61, 13.21] <.001
* Life-threatening arrhythmia 7.855 [3.725, 9.664] <.001

* Life-threatening CD 4.731 [1.406, 10.921] 012

* CRP >300 mg/L 3.350 [1.246, 9.007] 017 3.22 [1.19, 7.43] .032
* Severe acute kidney injury with GFR <30 mL/min 5.028 [4.455, 10.466] <.001 3.04 [1.24, 7.26] 0.015
* qSOFA >2 at admission 9.926 [8.253, 13.530] <.001 2.76 [1.32, 5.74] .007
* Zwolle score >3 4.054 [2.126, 7.730] <.001 1.112[0.513, 2.412] .788

Abbreviations: CAD, coronary artery disease; EF, ejection fraction; LAD, left anterior descending; CRP, C-reactive protein; GFR, glomerular filtration rate; HR:

hazard ratio; LM, left main; gSOFA: quick sepsis organ failure assessment.
Results in bold mean significant results, i.e. p-value < .05.

incidence of in-hospital MACEs (Figure 1), cardiogenic shock,
and ischemic and hemorrhagic events. However, the incidence
of acute heart failure was not statistically significant between
the 2 groups (Supplemental material; Figures 1-4).

Anadlysis of the qSOFA Score to Predict the Outcomes Studied.
Receiver operating characteristic (ROC) curve analysis
(Figure 2) found that the AUC for admission qSOFA for
30-day all-cause mortality is 0.729 (95% CI [0.694, 0.762]),
with a cut-off of 1, with good specificity of 0.916, but sensitiv-
ity of 0.523. For cardiogenic shock AUC = 0.759 (95% CI
[0.726, 0.792] with a cut-off of 1, with a good specificity of
0.925, a sensitivity of 0.57, with a positive predictive value of
0.36 and a negative predictive value of 0.95 (Figure 3). For
MACESs during hospitalization, AUC = 0.702 (95% CI [0.64,
0.700] with a cut-off of 1, with a good specificity of 0.95, a sen-
sitivity of 0.44, and a positive predictive value of 0.90 (Table 4).

The comparison of the SOFA at admission with the Zwolle
score on predictive value found no significant difference in mor-
tality at 30-days with an AUC = 0.766 (95% CI [0.733, 0.797]
for the Zwolle score (p = .310), as well as for cardiogenic
shock with an AUC = 0.802 (95% CI [0.770, 0.831] for the
Zwolle score (p = .253), and finally even for MACEs, no differ-
ence is observed between the 2 scores with an AUC = 0.750
(95% CI [0.715, 0.7382] for the Zwolle score (p = .0.06)
(Table 4, Figures 2 and 3).

For the comparison between the gSOFA and the CADILLAC
score, the difference was significant for 30-day mortality, with an
AUC = 0.829 (95% CI [0.799, 0.857] for the CADILLAC score
(p = .03), as well as for in-hospital MACEs with an AUC =
0.816 (95% CI [0.785, 0.844] for the CADILLAC score (p <
.001). However, there was no difference between the qSOFA
and the CADILLAC score for the predictive value of cardiogenic

shock in the CICU with an AUC = 0.842 (95% CI [0.813, 0.869]
for the CADILLAC score (p = .08) (Table 4, Figures 2 and 3).

Discussion

Risk scores are an essential tool in the daily practice of CICU
practitioners, as CICUs have since developed from simple
units managing patients with ACS to more specialized units,
with different phenotypes of patients admitted, as well as
more complex illnesses to manage, not limited to coronary
emergency,'? risk scores are becoming more important in the
different steps of patient management, from triage on admission
to the various diagnostic strategies to be carried out, to the
choice of treatment and the timing of its implementation, and
finally to the prediction of short- and long-term prognosis.'*

For ACS, 4 major scores are currently validated: the TIMI
score, the GRACE score, the Zwolle score, and the CADILLAC
score. '

The TIMI score was developed from the databases of 2 large
randomized controlled trials comparing the efficacy and safety
of enoxaparin versus unfractionated heparin in patients with
unstable angina or NSTEML. '

This score is purely prognostic and is of no use for triage or
diagnostic orientation, as it predicts all-cause mortality, recur-
rent myocardial infarction, or a severe ischemic event requiring
revascularization over a 14-day period after admission using 7
parameters, 6 of which are purely clinical, making it easy to
use,'® but limited in the ACS spectrum, especially in view of
the known progress in risk stratification of mortality in patients
with unstable angina or NSTEMIL. "’

The GRACE score represents the most important score to
date. It was derived from data from the GRACE, which included
17 142 patients from 94 hospitals in 14 different countries.”
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Figure |. Kaplan—Meier curve for 30-day all-cause mortality. Patients-based qSOFA score on admission (A) and in-hospital MACE (B).
Abbreviations: qSOFA, quick sepsis organ failure assessment; MACE: major adverse cardiovascular events.

It is a prognostic score, which predicts 6-month mortality,
with the advantage that it can be applied to all patients on the
ACS spectrum, but with the disadvantage that it is complex
in practice, with a set of 8 clinical, hemodynamic, and biological
parameters.”’ It should be noted that the GRACE score was con-
sidered for a long time as a score for therapeutic orientation and
not only prognosis, and this in NSTEMI patients, since it was

considered as a score to define the time to perform PCI in
NSTEMI patients,”® before it was downgraded in this sense
since the European Society for Cardiology 2020 and 2023 guide-
lines on the management of NSTEMI.*

The Zwolle score is the only currently validated triage
score.** It was developed to triage STEMI patients who are eli-
gible for early discharge after PCI, while maintaining their
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Table 3. Logistic Regression Analysis of Risk Factors in the MACE Group.

Univariable analysis

Multivariable analysis

Variables Adjusted OR 95% ClI p-value Adjusted OR 95% ClI p-value
* Sex
Male Ref Ol 1*
Female 1.633 [1.117,2.388]

* Hypertension 1.435 [1.006, 2.047] .046*
* Killip > Il at admission 6.889 [4.840, 10.34] <.001* 4.92 [2.76, 6.76] <.001
* Prior CAD 1.681 [1.107, 2.869] .04*
* Prior atrial fibrillation with CHADS2-VA2SC > | 4.746 [1.048, 7.483] .033* 4.92 [3.08, 7.37] .041
* STEMI presentation 1.648 [1.068, 2.544] .024*
* AVR ST elevation 2.656 [1.502, 4.697] .001*
» LVSF

+ Normal Ref

« Mildly reduced 1.822 [1.060, 3.131] .03*

+ Reduced 5.896 [3.840, 9.054] <.001* 3.301 [1.93, 5.64] <.001
* LV diastolic function

+« Normal Ref

+ Indeterminate 2.027 [0.809, 5.082] 132

++ Dysfunction 4.002 [3.963, 8.054] <.001* 1.769 [1.09, 3.14] .047
* RV systolic dysfunction 2.324 [1.220, 4.428] Ol*
Culprit artery

< LM or ostial LAD 2.232 [1.241, 4.014] .001* 2939 [1.92, 5.19] .001

+ Mild or distal LAD 1.614 [1.114, 2.339] 0.01*
Door to balloon time

% <2h Ref

% >2h 1.731 [0.906, 3.921] 712
Number of implanted stent

% <2 Ref

@ >2 2.689 [1.539, 4.697] .001*
Biological findings
* Hb

>10 g/dL Ref

<10 g/dL 2.276 [1.546, 3.352] <.000*
* GFR mL/min/1.73 m?

>30 Ref

<30 3.689 [1.519, 4.697] .03* 3.689 [1.519, 4.697] .001
*+ WBC

<15 000/mm’ Ref

>15 000/mm> 2.037 [I1.121, 3.702] .02*
* CRP

<300 mg/L Ref

>300 mg/L 3970 [1.748, 7.697] .001*
* Life-threatening CD 4.143 [1.297, 9.664] 0lé*
* Life-threatening arrhythmia 7.690 [3.406, 10.921] <.001*
* Mechanical complication 5.747 [3.406, 12.754] .033*
* qgSOFA >2 at admission 4712 [2.716, 6.252] <.001* 2.42 [1.37, 4.36] .002
* Zwolle Score >3 4212 [2.897, 6.124] <.001* 1.91 [1.19, 3.86] .04

Abbreviations: CAD, coronary artery disease; STEMI, ST elevation myocardial infarction; LVSF, left ventricular systolic function; LV, left ventricle; RV, right ventricle;
LAD, left artery descending; LM, left main; Hb, hemoglobin; GFR, glomerular filtration rate; WBC, white blood cell; CRP, C-reactive protein; CD, conduction

disorders; MACE, major adverse cardiovascular events; gSOFA, quick sepsis organ failure assessment; AVR, lead aVR.
Results in bold mean significant results, i.e. p-value < .05.

*Significant values in univariate analysis.

prognosis.” The aim is to reduce the length of hospital stay, as
well as the cost of care for these patients.”® In validation
cohorts, a low Zwolle score (<4) in STEMI patients undergoing
PCIT has been shown to be associated with very low mortality at
2 days (0.1%) and between 3 and 10 days (0.2%).%° But the

main limitation of this score is that it is only applicable to
STEMI patients who have undergone PCI, and no angiographic
or echocardiographic variables are included in these items.°
Given the limitations of the Zwolle score, the CADILLAC score
was developed in the same patient population as the Zwolle score,
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Figure 2. Comparison of receiver operating characteristic (ROC) curves for predicting 30-days all-cause mortality (A) and in-hospital MACE

(B), respectively, for gSOFA, Zwolle, and CADILLAC score.

Abbreviations: qSOFA, quick sepsis organ failure assessment; MACE: major adverse cardiovascular events.

but with the integration of ejection fraction, TIMI flow at the end
of PCI, and number of diseased vessels, derived from the data-
base of the Controlled Abciximab and Device Investigation to
Lower Late Angioplasty Complications (CADILLAC) trial,?’
and validated in the database of the Stent-Primary Angioplasty
in Myocardial Infarction trial,”® but with the aim of predicting
mortality at 30 days and 1 year, and not of triaging patients
according to their risk during hospitalization.®"!

As we have seen, the Zwolle score remains the only score
that can be used to triage patients according to their risk of
developing a complication during their stay in the CICU.

Our study is the first to evaluate the use of the gSOFA score
at admission as a predictive risk score for adverse outcomes
after ACS, and the results are very encouraging for the use
of the qSOFA as a triage score for ACS patients, in the
sense of providing guidance on the type of hospitalization
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Table 4. Prediction of 30-Day All-Cause Mortality, in-Hospital MACE Events, and in CICU Cardiogenic Shock by gSOFA Score, Zwolle Score,

and CADILLAC Score.

In CICU Cardiogenic Shock

In-Hospital MACE

30-day All-Cause Mortality

qSOFA Zwolle CADILLAC qSOFA Zwolle CADILLAC qSOFA Zwolle CADILLAC
AUC 0.729 0.766 0.829 0.759 0.802 0.842 0.702 0.750 0.816
95% ClI [0.694, [0.733, [0.799, [0.726, [0.770, [0.813, [0.666, [0.715, [0.785,

0.762] 0.797] 0.857] 0.792] 0.831] 0.869] 0.736] 0.782] 0.844]
Cut-off | 6 6 | 3 6 | 5 5
Sensitivity 52 47.62 78.57 57.14 81.63 77.55 44.76 45.71 69.52
Specificity 91.65 93.36 78.52 925 68.44 79.06 95.03 93.84 79.11
PPV 28.9 317 19.2 36.6 16.5 22.1 61.8 57.1 374
NPV 96.7 96.5 98.3 95.2 98 97.9 90.5 90.6 93.5
Accuracy 0.44 0.4 0.57 0.49 0.5 0.56 0.39 0.39 0.48
De Long test p —_ 310 .03 253 .08 .06 <.001

Abbreviations: AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; MACE, major adverse cardiovascular events; CICU,
cardiovascular intensive care unit; CADILAC, Controlled Abciximab and Device Investigation to Lower Late Angioplasty Complications; qSOFA, quick sepsis organ

failure assessment.
Results in bold mean significant results, i.e. p-value < .05.

unit and the level of ICU needed to improve short- and long-
term mortality.

Jacob was the first to evaluate the SOFA score to predict prog-
nosis, first in 2015 in a population of 300 consecutive patients
admitted to the CICU at Mayo Clinic Hospital, St Mary’s
Campus, a tertiary care hospital in Rochester, MN, of whom 206

had ACS. The comparison between the SOFA and APACHE II
scores showed no difference with good discriminatory power
(AUC between 0.84 and 0.92).>° Then in 2018, a population of
9961 patients, without diagnostic individualizations, were admit-
ted to the sameunit. The primary endpoint was in-hospital all-cause
mortality, and secondary endpoints included ICU mortality,
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30-day mortality, and postdischarge mortality. The first-day SOFA
score predicted in-hospital mortality, with an area under the
receiver characteristic curve (AUROC) of 0.83, with no difference
in the receiver characteristic curve of the APACHE-III and
APACHE-IV scores, and patients with a first-day SOFA score of
<2 had a low risk of mortality.>

Finally, in 2019, an analysis was conducted but with an anal-
ysis of the organ SOFA subscores for risk stratification of
in-hospital mortality in CICU.*® The SOFA score at day 1 pre-
dicted in-hospital mortality with an AUROC of 0.72, thus each
SOFA subscore predicted in-hospital mortality (all p<.01),
with AUROC values between 0.53 and 0.67, and the simplified
SOFA score, including the subscore of the cardiovascular
system, central nervous system, and the respiratory and renal
systems, which is close in items to the qSOFA, is significantly
predictive of in-hospital mortality, with a similar discriminatory
ability to the day 1 SOFA score for in-hospital mortality in the
study population (AUROC = 0.73). Although these results are
drawn from a heterogeneous population with respect to admis-
sion diagnosis, given the frequency of ACS as a reason for
admission to CICU, we can note such similarity between our
results and those published by Jacob and us.

As far as the qSOFA score is concerned, to our knowledge,
there is only 1 published study that has evaluated the use of
gSOFA to predict prognosis in 1296 ACS patients, using the
same design as ours. The authors defined high-risk patients
whose qSOFA was 2 or 3 on admission. This group was inde-
pendently associated with higher in-hospital mortality (28% vs
8%; OR: 3.8; 95% CI 2.4-6.2; p<.01), as well as higher 1-year
mortality in the Kaplein—Meier analysis, further confirming our
results and our hypothesis that qSOFA can be performed first as
a triage score and then as a prognostic score for the whole ACS
population.®'

Conclusion

Our study shows the effectiveness of using gSOFA as a triage
score for ACS patients admitted to a CICU, with the aim of indi-
vidualizing levels of care, length of hospital stay, and cost of
care. Comparing this admission score with the Zwolle score,
which is the only triage score developed in this sense, no differ-
ence was observed, with the advantage of speed and ease of use
of the gSOFA score, and this is already validated in the only
study published in this sense. Therefore, we strongly recommend
the evaluation of this score in other cohorts to be able to integrate
it as a simple triage score in CICU for patients with ACS.
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