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APACHE Il SCORE PREDICTS IN-HOSPITAL MORTALITY
MORE ACCURATELY THAN INFLAMMATORY INDICES
IN PATIENTS WITH ACUTE CORONARY SYNDROME

This study evaluated the prognostic ability of the APACHE II score and compared it with inflamma-

A total of 525 patients with ACS were retrospectively enrolled in the study. APACHE II scores were
calculated and C-reactive protein (CRP), neutrophil-lymphocyte ratio (NLR), and systemic immune-
inflammatory index (SII) were recorded. The APACHE II score was compared with inflammatory

Univariate logistic regression (LR) analysis showed that CRP, SII, NLR, ejection fraction, chronic kidney
disease, gender, and APACHE 1II score were significant predictors of mortality. In multiple LR analysis,
the APACHE I1 score was found to be a solitary, significant predictor of in-hospital mortality (OR: 1.201,
95% CI: 1.122-1.285; p<0.001). In the Receiver Operating Characteristics curve, using a cut-off point
0f 16.5, the APACHE II score predicted in-hospital mortality with 70.4% sensitivity and 92.9% specificity.

The APACHE II score may be used as a predictor of in-hospital mortality better than inflammatory
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Introduction

Coronary artery disease (CAD), of which acute coronary
syndrome (ACS) is a frequent complication, is the most
common cause of morbidity and mortality worldwide. Most
cases of ACS, an umbrella term encompassing ST-segment
elevation myocardial infarction (STEMI), non-ST-seg-
ment elevation myocardial infarction (NSTEMI), and un-
stable angina pectoris, are mostly caused by the erosion
or rupture of an atherosclerotic plaque [1]. The inflamma-
tory process plays a pivotal role in the pathogenesis of var-
ious stages of atherosclerosis, including plaque instabil-
ity and rupture that results in ACS [2]. Many studies have
shown that peripheral blood cells, such as platelets, neutro-
phils, and lymphocytes, and C-reactive protein (CRP) can
be used as indicators of systemic inflammation [3]. Subse-
quently, the platelet/lymphocyte, the lymphocyte/mono-
cyte, and the neutrophil/lymphocyte ratio (NLR) ratios
and CRP have been evaluated and found to be associated
with both stable CAD and ACS [4-6]. In addition to these
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parameters, the systemic immune-inflammatory index (SII)
has been developed recently, based on platelet counts and
the NLR (SII=platelets count x neutrophil/lymphocyte ra-
tio) [7]. A high SII, which shows the inflammatory and im-
mune status of patients simultaneously, was reported to be
associated with poor outcomes in cancer and chronic heart
failure (HF) patients. Furthermore, it more accurately pre-
dicted major cardiovascular events than did traditional risk
factors in CAD patients after coronary intervention [8, 9].
APACHE (Acute Physiologic Score and Chronic Health
Evaluation) II is one of the most widely used and accepted
mortality scoring systems, and it has been tested in many dif-
ferent patient populations admitted to intensive care units
(ICU) [10]. It is derived from 12 physiological variables
plus age and chronic health status of patients. Major trials
that established the utility of the APACHE II score mostly
excluded coronary care patients, but some small studies test-
ed its ability to predict in-hospital mortality of coronary pa-
tients, especially those with ACS [11, 12]. In those studies
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the APACHE II score showed good performance in assess-
ing the short-term prognosis of patients with ACS.

In the present study, we aimed to compare the in-hospital
mortality predictive ability of the APACHE II score with in-
flammatory indices of ACS patients.

Material and Methods
Study Design and Patient Population

In this retrospective, cross-sectional study, 624 patients with
all data available who were admitted to the coronary care unit
(CCU) of a tertiary hospital during the period July 1, 2020 —
December 31, 2020 were included. After the first evaluation,
99 patients were excluded from the study due to hospitaliza-
tion for indications other than ACS, e.g., decompensated heart
failure, acute pulmonary edema, arrhythmias, or other causes
like pericarditis, myocarditis, cardiogenic shock, or for prior
history of ischemic stroke (Figure 1). Apart from the 624 pa-
tients for whom complete data were available, we had exclud-
ed at the onset 4 patients with ACS due to lack of data. A total of
525 patients with ACS were included for further analysis. De-
mographic characteristics, laboratory findings, and clinical sta-
tus of the patients were recorded. Diagnosis of ACS was based
on the definitions of STEMI and NSTEMI according to pre-
viously published European Society of Cardiology guidelines
[13, 14]. All patients were treated according to current guide-
lines. Primary percutaneous coronary intervention (PCI) was
performed immediately for STEMI patients. Patients with
NSTEMI were treated either with PCI within 24 hrs or with
a noninvasive, medical approach at the physician’s discretion.
All patients were followed up in the CCU by well-trained staff
and interventional cardiologists. The patients were divided into
two groups according to their vital status, i.e., survivors or non-
survivors, at hospital discharge. The study was performed ac-

Figure 1. Inclusion and exclusion criteria

Patients retrospectively
analysed (n=624)

Excluded due to:
Heart failure (n=48)
Arrythmia (n=22)
Acute pulmonary edema (n=14)
Other causes (n=5)
Stroke history (n=10)

Included patients (n=525)
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cording to the principles stated in the Declaration of Helsinki,
and it was approved by the local ethics committee.

Biochemical and Hematological Parameters

Blood tests were taken from all patients on admission
to the CCU. Biochemical profiles were determined using
standard methods. Hemogram variables were measured
in blood samples collected in dipotassium EDTA tubes. An
automatic blood counter (Beckman-Coulter Co, Miami, FL,
USA) was used for whole blood counts. CRP and NLR val-
ues were recorded, and the SII was calculated.

APACHEII Score

The APACHE II score, which quantifies the degree of abnor-
mality of physiologic variables, was calculated within the first
24 hrs of admission to the CCU. This score is based on patients’
age, chronic health status, and 12 physiological variables: body
temperature, partial pressure of oxygen (PaOZ), arterial pH,
heart rate, respiratory rate, concentrations of blood sodium, po-
tassium, and serum creatinine, hematocrit, leukocyte count,
Glasgow coma scale, mean arterial pressure. The score was com-
puted according to a computer based program, and it ranged
from 0 to 71. A higher score indicated a higher mortality risk.

Statistical Analysis

A SPSS software package (Version 20.0, SPSS, Inc., Chi-
cago, IL, USA) was used for analyzing the data. Categori-
cal variables were expressed as frequencies (%) and a chi-
square (x?) test was used to compare differences between
the groups. A Kolmogorov-Smirnov test was used to exam-
ine the distribution of numerical variables. Normally dis-
tributed variables are expressed as meantstandard devia-
tion, and those without normal distribution are expressed as
the median with the 25"-75% percentile interquartile range
(IQR). Student’s t-tests and Mann-Whitney U tests were
used to test normally and non-normally distributed variables,
respectively. All statistical tests were two-sided, and p<0.05
was considered to be statistically significant for all analyses.

Univariate binary logistic analysis was performed to deter-
mine which parameters were independently associated with
in-hospital mortality. Independent variables with a p<0.05
in the univariate analysis were assessed by multivariate bi-
nary logistic regression (LR) to estimate odds ratios (OR)
and 95% confidence intervals (CI) for mortality. The receiv-
er operating characteristics (ROC) curve method was ap-
plied to analyze the prognostic value of APACHE II and in-
flammatory indices to determine independent predictors of
mortality. The threshold values of the parameters for predic-
ting clinical outcomes were determined by ROC curve analy-
sis. The optimal cut-off value was defined as the value yielding
the maximal Youden index. The area under the curve (AUC,
C statistic) was used to determine sensitivity and specificity.
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Results

The mean patient age was 65.3+12.2 yrs, and 144 (27.4%)
of the 525 patients were female. 192 patients were admitted
with STEMI, and 333 (36.6%) with NSTEMI. The overall
in-hospital mortality was 9.5%, and mortality of the STEMI
and NSTEMI groups did not differ significantly (24 (12.5%)
vs 26 (7.8%), p=0.090). The demographic, clinical, and lab-
oratory characteristics of survivors and nonsurvivors are
shown in Table 1. While nonsurvivors were older than sur-
vivors (71.6£10.5 vs 64.7+12.2 yrs) p<0.001), in-hospital
mortality was similar for both genders (p=0.109). The inci-
dence of chronic kidney disease was higher in nonsurvivors
(p<0.001), but there were no any differences in histories
of coronary/peripheral artery disease, hypertension, diabe-
tes mellitus, or HF between the groups (p>0.05 for all). Most
of the laboratory values were significantly different between
the patient groups, except platelet and lymphocyte counts,
which are constituents of the SII index, and blood sodium

concentration and hematocrit (Table 1). In terms of clini-
cal characteristics and vital signs on admission, nonsurvivors
had significantly lower mean arterial pressure, blood oxygen
saturation, and higher heart rate (p<0.001 for all).

We used binary LR analyses to determine the independent
predictors of in-hospital mortality. With univariate analysis,
we evaluated components of APACHE II and excluded vari-
ables that are constituents of APACHE II to avoid multicol-
linearity. APACHE II was significantly associated with mortal-
ity (OR: 1.263,95% CI: 1.202-1.328; p<0.001). Apart from
the APACHE 1I score, gender (OR: 2.072, 95% CI: 1.140-
3.768; p=0.017), history of chronic kidney disease (OR:
3.005, 95% CI: 1.705-5.295; p<0.001), CRP concentration
(OR: 1.011, 95% CI: 1.007-1.015; p<0.001), ejection frac-
tion (OR: 0.873,95% CI: 0.818-0.931; p<0.001), NLR (OR:
1.052, 95% CI: 1.018-1.087; p=0.003), and SII (OR: 1.011,
95% CI: 1.003-1.020; p=0.007) were identified as significant
predictors in the univariate regression analysis. We added all

Table 1. Baseline clinical and laboratory characteristics of patients according to survival status.

Variable Survivors (n=475) Nonsurvivors (n=50) p value
Age (yrs) 64.7+12.2 71.6+10.5 <0.001
Gender, female 123 (25.9) 21 (42) 0.019
Acute coronary syndrome
« STEMI 168 (87.5) 307 (92.2) 0,090
« NSTEMI 24 (12.5) 26 (7.8) ’
Chronic kidney disease 106 (22.3) 25 (50) <0.001
Heart failure 10 (2.1) 3(6) 0.118
Hypertension 228 (48) 24 (48) 0.560
Diabetes mellitus 173 (36.4) 20 (40) 0.645
CAD/PAD 249 (52.4) 21 (42) 0.182
Ejection fraction (%) 55 (46-60) 35(27-47) <0.001
Heart rate (bpm) 80 (70-90) 92 (80-110) <0.001
Mean arterial pressure (mm Hg) 87 (77-96) 53 (46-66) <0.001
Body temperature (°C) 36.4 (36.2-36.6) 36.3 (36.1-36.5) 0.135
O, saturation (%) 96 (94-98) 88 (82-93) <0.001
Respiratory rate 16 (16-18) 18 (6-26) 0.162
Creatinine (mg/dl) 1(0.9-1.2) 1.4 (1.0-1.7) <0.001
GFR (ml/min) 71.7 (58.3-84.5) 44.4 (35.8-64.2) <0.001
CRP (mg/1) 6 (3-17) 21.3 (6.8-92.5) <0.001
Hematocrit (%) 42.3(38.6-45.5) 41.6 (35.6-45.1) 0.179
WBC (g/dL) 10.2 (8.2-12.7) 13.2 (9.9-16.2) <0.001
Platelet (10°/pl) 236 (198-281) 240 (179-294) 0.851
Neutrophil (103/ul) 6.9 (5.2-9.3) 9.5 (6.6-11.8) <0.001
Lymphocyte (10°/pl) 2(1.3-2.8) 2.3 (1.0-4.0) 0.595
NLR 3.26 (2.06-5.80) 4.66 (2.27-9.42) 0.027
SII 742 (462-1392) 1253 (539-2144) 0.019
Glucose (mg/dl) 146 (98) 220 (169) <0.001
Sodium (meq/1) 138 (4) 137.5(S) 0.374
Potassium (meq/1) 4.2 (0.6) 4.5(1.1) <0.001
APACHE I Score 10 (4) 20.5 (16.5) <0.001

Data are mean + SD, median (IQR), or frequency (%). bpm, beat per minute; BUN, blood urea nitrogen; CAD /PAD, coronary artery dis-
ease/peripheral artery disease; CRP, C-reactive protein; GFR, glomerular filtration rate; IQR, interquartile range; SD, standard deviation; NLR,
neutrophil lymphocyte ratio; NSTEMI, non ST Elevation myocardial infarction; SII, systemic immune-inflammatory index; STEMI, ST eleva-

tion myocardial infarction; WBC, white blood cell.
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Table 2. Independent predictors of in hospital mortality.

Univariate analysis

Multivariable analysis

Variables

OR (95% CI) p OR (95% CI) p
Gender (female) 2.072 (1.140-3.768) 0.017 —
Chronic kidney disease 3.005 (1.705-5.295) <0.001 — —
CRP 1.011 (1.007-1.015) <0.001 — —
EF 0.873 (0.818-0.931) <0.001 = =
SII 1.011 (1.003-1.020) 0.007 — —
NLR 1.052 (1.018-1.087) 0.003 — —
APACHEII Score 1.263 (1.202-1.328) <0.001 1.201 (1.122-1.285) <0.001>®

CKD: chronic kidney disease, CRP: C-reactive protein, EF: ejection fraction,

NLR: neutrophil lymphocyte ratio, SII: systemic immune-inflammatory index.

a - The variables (gender, CKD, CRP, NLR, EF, APACHE II) were tested in a multivariable analysis.
b - The variables (gender, CKD, CRP, SII, EF, APACHE II) were tested in a multivariable analysis.

variables which had a significant relationship with in-hospi-
tal mortality in the univariate analysis to the multivariate LR
analysis. This analysis showed that the APACHE II score was
the only predictor of in-hospital mortality for ACS patients
(OR: 1.201,95% CI: 1.122-1.285; p<0.001) (Table 2).

ROC curve analysis was performed to determine
the cut-oft values and predictive abilities of SII, NLR, CRP,
and APACHE 1II score for predicting mortality. While
SII had 50% sensitivity and 72.1% specificity with a value
of 1278.5 (AUC: 0.596, 95% CI: 0.506-0.687, p=0.019),
NLR had 44.4% sensitivity and 77.9% specificity with a val-
ue of 6.28 (AUC: 0.591, 95% CI: 0.501-0.680, p=0.027)
and CRP had 51.9% sensitivity and 78.3% specificity
with a value of 18.9 (AUC: 0.685, 95% CI: 0.611-0.760,
p<0.001). APACHE II score had 70.4% sensitivity and
92.9% specificity with a value of 16.5 (AUC: 0.858, 95%
CI: 0.800-0.917, p<0.001) (Figure 2). The Youden index,
which was used to define the optimum cut-off values of all
indices, was calculated according to maximum values of
sensitivity and specificity (1.202 for CRP, 1.223 for NLR,
1.221 for SII, and 1.633 for APACHE II).

Discussion

The APACHE II score was more successful than system-
icinflammatory indices in predicting in-hospital mortality in
ACS patients.

Inflammation has a central role in development of athero-
sclerosis and in ACS pathogenesis [15, 16]. C-reactive pro-
tein (CRP), NLR, and white blood cell (WBC) count, which
are significant predictors of inflammation, were previously
tested separately in stable CAD and ACS patient groups [6,
17], and these parameters were found to be significantly cor-
related with atherosclerosis severity and with short and long-
term outcomes of ACS patients.

C-reactive protein plays a direct pathophysiological
role in atherosclerosis by causing endothelial dysfunc-
tion, foam cell formation, and activation of complement
in atherosclerotic plaque intima [18, 19]. Previous studies
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Figure 2. ROC curves of APACHE II, SII, NLR and CRP for
predicting in-hospital mortality. AUC, area under the curve;
CRP, C-reactive protein; NLR, neutrophil-lymphocyte
ratio; SII, systemic immune-inflammatory index
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showed that increased CRP concentrations may be associ-
ated with short and long-term mortality. Morrow et al. in-
vestigated short-term risk after ACS and found that CRP
elevation may predict 14-day mortality [20]. In addition,
in a prospective study of patients who underwent early in-
vasive therapy for NSTEMI, Mueller et al. found that an in-
creased concentration of CRP at admission was associat-
ed with an increased risk of death over a mean follow-up
of 20 mos [21].

Neutrophils contribute to endothelial dysfunction
by producing cytokines, chemokines, and proteases. Fur-
thermore, they also secrete acute inflammatory substanc-
es like superoxide radicals and proteolytic enzymes which
may decrease endothelial function. Low lymphocyte
counts, which are the main cells of the immune system,
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cause increased physiological stress and depress the im-
mune system by increasing cortisol release. Additional-
ly, T lymphocytes inhibit endothelial damage and, thus, in-
hibit atherosclerosis. Due to these physiologic properties,
NLR was found to be an independent predictor of long-
term mortality in STEMI, and it was associated with the se-
verity and complexity of CAD [22, 23]. Decreased release
of prostacyclin and nitric oxide by endothelium causes
platelet activation, which is required for neutrophil adhe-
sion and activation in the early phase of atherosclerosis.
Thus, any changes in the numbers of these three blood cells
may facilitate atherosclerosis.

Recently, the SII formula containing platelet, neutro-
phil, and platelet counts has been developed based on
their physiologic properties, and it has been proven val-
id in many different patient groups, including malignan-
cies, heart failure, stable CAD, and ACS. Hu et al. first re-
ported significant associations of SII with clinical out-
comes, tumor size, vascular invasion, and early recurrence
in hepatocellular carcinoma [24]. Seo et al. investigated
the prognostic value of SII in HF patients and found that
SII provided improved prediction of poor outcomes in
congestive HF patients [9]. Furthermore, Liu et al. and
Candemir et al. showed the clinical significance of SII in
predicting the presence of coronary stenosis in patients
with CAD [25, 26].

Huang et al. showed that SII is a potential indica-
tor for predicting in-hospital and long-term clinical end-
points in elderly patients with acute MI undergoing PCI
[27]. ROC curve analysis showed that the SIT AUC value
for long-term mortality was 0.64 (95% CI, 0.58-0.71). In
the current study, we investigated the prognostic signifi-
cance of SII in addition to CRP and NLR in patients with
ACS. The AUC value for SII was 0.596 (95% CI: 0.506-
0.687) for short-term mortality which is very similar to
the study of Huang et al.

The APACHE II score was first described in 1981 by
Knaus et al. and revised in 1985 by the same authors [28,
29]. Furthermore, it has been tested in a wide range of pa-
tient populations followed in surgical and medical ICUs
for more than 20 yrs, but mostly excluding coronary pa-
tients [30, 31]. Most of the trials testing the ability of
the APACHE II score showed good discrimination but poor
calibration ability in terms of mortality [32, 33]. In addition,
studies have tested the APACHE II score and have com-
pared the prognostic accuracy of APACHE II and III with
other scoring systems. Data of more than 15,000 patients
were retrospectively analyzed. The ROC curve analysis was
used for discrimination. These analyses also showed good
discrimination, and it verified the findings of previous stud-
ies [34]. In addition to these studies, the APACHE II score
was evaluated in small patient groups with acute MI. A tri-
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al conducted by Moreau et al. tested the short-term prog-
nostic ability of APACHE II in 76 patients [12]. Sarmien-
to et al. investigated the ability of mortality prediction in-
cluding 456 patients with acute MI in 17 different hospitals
in Catalonia and the Balearic Islands [11]. APACHE II
showed good performance along with other mortality scor-
ing systems in this study. Despite these positive findings,
the APACHE II score has not been widely used for acute
MI patients as has been GRACE (Global Registry of Acute
Coronary Events) or TIMI (Thrombolysis in Myocardial
Infarction) risk scores.

One of the main aims of the current study was to com-
pare the predictive abilities of CRP, NLR, and SII with
APACHE II. Although CRP, NLR, and SII, which consist
of only blood cell values, were found to be clinically sig-
nificant for predicting mortality, adding clinical variables
and vital signs may be more useful. Thus, the APACHE II
score, which includes clinical findings, vital signs, and lab-
oratory values, should give more accurate predictions. This
study included a large number of acute MI patients, and it
showed that the APACHE 1II score has a greater capabili-
ty to predict in-hospital mortality than other inflammatory
indices. According to these results, we conclude that eval-
uating the whole patient with all variables, i.e., clinical sta-
tus, vital signs, laboratory findings, etc. is more important
in order to be able to manage the clinical situation more ef-
fectively [11].

Study Limitations

Despite positive results, this study has some limitations.
First, it was a retrospective design and was conducted at
a single center. Second, we did not consider GRACE and
TIMI risk scores, which have been proven to be useful in
predicting in-hospital mortality in ACS patients. Third, we
did not include patients with missing data, although this
was a very small group. Fourth, medications that patients
used before hospitalization, i.e., statins, acetylsalicylic ac-
id, and others, which may have affected the inflammatory
factors, were not considered in the analysis. This deficien-
cy may have also limited the validity of the findings. Lastly,
other clinical risk factors present in the ACS patients were
not compared.

Conclusions

We found that the APACHE II score predicts in-hospital
mortality of ACS patients more effectively than inflammato-
ry indices. Larger, multicenter, and prospective studies may
give more valid and reliable results.

No conflict of interest is reported.
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