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Abstract

Introduction: In spite of the enormous progress made over the last decades, acute coronary syndromes remain the leading cause
of death globally. Inflammation plays an important role in coronary artery disease development. Although the role of
inflammatory biomarkers in acute obstructive myocardial infarction is well established, there is no data regarding the potential
differences between acute myocardial infarction (AMI) with ST segment elevation, AMI without ST segment elevation (NON-
STEMI) and non-obstructive acute myocardial infarction (MINOCA), respectively. Also, it is well known that cardiac
rehabilitation of acute myocardial infarction survivors significantly improves their long-term prognosis.

Aim of the study: To asses the possible existing differences between patients with STEMI, NON-STEMI and MINOCA in terms
of clinical and paraclinical parameters, especially inflammatory biomarkers. A second objective of our study was to describe the
relationship between inflammatory, cardiac necrosis enzymes and left ventricle systolic function.

Material and methods: The study included 35 adult patients admitted in the Cardiology service of the Niculae Stancioiu Heart
Institute, Cluj-Napoca with acute myocardial infarction. Demographic, clinical, echocardiographic and laboratory data were
analyzed. Patients were divided into 3 groups, 19 patients (54.2%) were diagnosed with STEMI- group 1, 9 patients (25.7%) with
NON-STEMI- group 2 and 7 patients (20%) with MINOCA- group 3, respectively. Dosage of serum inflammatory markers was
performed on the day of admission.

Results and conclusion: The most common associated cardiovascular risk factor was arterial hypertension (65.7% of patients).
Markers of myocardial necrosis (CK, CK-MB, hs Troponin) were significantly higher in patients with STEMI (p <0.05) in
comparison with NON-STEMI and MINOCA patients. Congestive heart failure was most frequently encountered in STEMI
patients. hsCRP value was higher among patients with STEMI. The value of ESR was significantly higher among patients with
NON-STEMI. Serial dosage of inflammation biomarkers in patients with recent acute myocardial infarction may serve as
valuable risk stratification instruments and also for functional capacity and recovery status assessment in patients included in
cardiac rehabilitation programs.
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I. INTRODUCTION
Inflammation plays a major role in atherosclerotic
pathogenesis and coronary artery disease development
(1). Moreover, in acute coronary syndromes an intense
inflammatory response occurs. Therefore, the role of
inflammatory cells is not limited to the acute event but
drives the chronic atherosclerotic process as well (2).
Moreover, inflammatory biomarkers provide accurate

treatment of acute myocardial infarction has a proven
anti-inflammatory role (1). Studies have shown that
marked leukocytosis during myocardial infarction is
associated with a high rate of mortality, indeed an
independent prognostic marker for the development of
heart failure and cardiogenic shock (2).

Also, in recent literature, there has been increasing

information regarding pathophysiology, prognosis, risk
stratification and optimal management in ischemic
cardiopathy (3).

The role of traditional inflammatory biomarkers in acute
coronary syndromes has been already studied in large
clinical trials and they have been validated as valuable
predictors of short and also long-term prognosis (4). It is
also important to point out that the medication used in the

interest in neutrophil-to-lymphocyte ratio (NLR) as an
independent marker of mortality and morbidity in
cardiovascular diseases: the negative prognosis was
associated with high NLR values (4).

Although the role of inflammatory biomarkers in acute
obstructive myocardial infarction is well established,
there is no data regarding the potential differences
between acute myocardial infarction (AMI) with ST
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segment elevation (STEMI), AMI without ST segment
elevation (NON-STEMI) and non-obstructive acute

myocardial  infarction = (MINOCA), respectively.
MINOCA is a condition that has been shown to have
comparable morbi-mortality to that of acute coronary
syndrome with obstructive coronary disease. But the
underlying etiology is extremely heterogenic making the
assessment and management challenging (5). By
describing the potential differences in terms of
demographic, clinical and paraclinical variables we can
aid some valuable information for an appropriate work-
out and treatment of MINOCA patients. Despite the
existence of numerous clinical studies, no specific
inflammatory biomarkers are recommended by the
current guidelines in the standard work-out of patients
with acute coronary syndromes. At present there is
scattered data regarding the
Therefore, this study aimed to asses the possible existing
differences between patients with STEMI, NON-STEMI
and MINOCA in terms of clinical and paraclinical
parameters, especially inflammatory markers: serum
leukocytes values, NRL, high-sensitivity C-reactive
Protein (hs-CRP), ferritin, fibrinogen and erythrocyte
sedimentation rate (ESR) values. A second objective of
our study was to describe the relationship between
inflammatory, cardiac necrosis enzymes and left ventricle
systolic function.

II. Material and methods
The study included 35 adult patients admitted in the
Cardiology service of the Niculae Stancioiu Heart
Institute, Cluj-Napoca with acute myocardial infarction.
Acute myocardial infarction was diagnosed according to
the current ESC guidelines (2,5-7). The exclusion criteria
were represented by concomitant acute infections or
active inflammatory diseases, conditions that could
interfere with the prognostic accuracy of the studied
markers.
Demographic, clinical, echocardiographic and laboratory
data were analyzed. Patients were divided into 3 groups
according to the presentation of the acute coronary event
and coronary angiography findings - STEMI, NON-
STEMI and MINOCA patients.
Dosage of serum inflammatory markers was performed
on the day of admission and their measurement was
carried out by qualified personnel in the laboratory of the
Heart Institute Niculae Stancioiu. The following
inflammatory biomarkers were analyzed: hs C-reactive
protein, hs troponin I, leukocytes, NLR, ferritin.
Statistical analysis
Statistical analysis was performed using MedCalc
software (v 10.3.0.0, MedCalc Software, Ostend,
Belgium). The normal distribution of the variables was
assessed using the Kolmogorov-Smirnov test. Categorical
variables are summarized using frequencies and
percentages,  whereas  numerical  variables are

summarized using mean, SD, median, and quartiles. To
perform comparisons between groups, we used ANOVA,
respectively Kruskal-Wallis (for numerical data) or Chi
square test (for non-numerical data). The Pearson and
Spearman coefficients were used to describe the
correlations between the data. A p value <0.05 was
defined as statistically significant.
III. Results

Baseline characteristic

The baseline characteristics
summarized in Table L.

Table I. The characteristics of the patients included in

of the patients are

the study regarding clinical, demographic and
paraclinical data.

Variables Values

Mean age + SD 59,778+13,27
Women — no (%) 27,77%

hs Troponin I -ng/ml (mean + SD) 108,828+3,93
hsCRP- mg/L (mean + SD) 38,67+47,97
Leucocytes value- *10%/microl (mean £ SD) 10,45+3,54

ESR — mm (mean + SD) 22,18+13,36

Fibrinogen levels — mg/dl (mean + SD)
Ferritin levels- microg/L (mean + SD)
NLR values (mean + SD)
HDL-cholesterol-mg/dl (mean + SD)
LDL-cholesterol — mg/dl (mean + SD)
Triglycerides — mg/dl (mean £ SD)
Total Cholesterol — mg/dl (mean + SD)

497,43+133,89
283,814255,25
0,704+0,11
43,95+13,08
104,39+42,97
142,15+76,03
178,84+58,95

Uric acid — mg/dl (mean + SD) 49,97+50,28
Diabetes mellitus— no (%) 31,42%
Arterial hypertension — no (%) 65,71%
Glycemia— mg/dl (mean = SD) 156,98+76,74
Left ventricle ejection fraction- % (mean + SD) 43+11,32

SD- standard deviation

Of the total (35) patients included in the study, only 27%
were women. The most common associated
cardiovascular risk factor was arterial hypertension
(65.7% of patients). Grade I hypertension was recorded
in 11.4% of patients, grade II hypertension in 37.1%, and
grade III hypertension in 17.1%. 40% of patients enrolled
in the study were smokers.

Type 2 diabetes was seen in 31.4% of patients.

Patients were divided into 3 groups, 19 patients (54.2%)
were diagnosed with STEMI- group 1, 9 patients (25.7%)
with NON-STEMI- group 2 and 7 patients (20%) with
MINOCA- group 3, respectively - as you can see in
Figure 1.
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Figure 1. Patients divided into the 3 groups according to
the acute coronary event.
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The proportion of type 2 diabetes mellitus was similar
between the 3 groups of patients (p = 0.13).

Table II presents the demographic, clinical and

paraclinical characteristics of the 3 groups of patients.

Table II. Differences in demographic, clinical and
paraclinical variables between the 3 groups.

Variables Group 1 Group 2 Group 3
Mean age = SD 59,57+12,68 63+9,69 53,85+19,03
Females —no (%) 31,58% 11,11% 42,86%

hs Troponin I - 2,74+5,03 0,89+0,95 0,90+1,63
ng/ml (mean =+

SD)

hsCRP- mg/L  51,50+55,86 17,92420,12  15,21£12,11
(mean + SD)

Leucocytes 11,24+3,37 9,48+2.66 9,55+4,81
value-

*102/microl

(mean = SD)

ESR — mm (mean 22,83+11,05 38,5+12,02 10+5

+ SD)

Fibrinogen levels 544,24+122,7  525,88+91,5 347,06+82,15
— mg/dl (mean + 5 3

SD)

NLR (mean =+ 0,721+0,13 0,695+0,04  0,667+0,12
SD)

Creatin  Kinase 830+1095,67 389+435,81  398,42+412,1
(CK) - UIL 4

(mean = SD)

CK-MB-  UI/L 73,47+90,67 36,21+£19,20  38,58+23,79
(mean + SD)

HDL-cholesterol ~ 44,25+14,53 41,46+12,69 45,81+11,55
— mg/dl (mean +

SD)

LDL-cholesterol 109,4+40,44 103,16+49,2  94,71+47,97
— mg/dl (mean + 0

SD)

Triglycerides — 139,41+£82,72  181,17£79,9 109,8+35,38
mg/dl (mean =+ 1

SD)

Total Cholesterol 183,92+45,.81  184,52+85,1 162,27+60,38
— mg/dl (media + 7

DS)

Uric acid — mg/dl  60,41+65,03 43,5422,39  29,95+9,75
(media £+ DS)

Type 2 diabetes 36,84% 33,33% 14,29%
mellitus— no (%)

Arterial 52,63% 88,89% 71,43%
hypertension — no

(%)

Glycemia— mg/dl  173,36+£92.85  151,93+£59.4 119+14,67
(mean + SD) 8

Left ventricle  40,11£7,28 42,66+13,53 48,57+15,44
ejection fraction-

% (mean + SD)

Sars-Cov2 21,05% 11,11% 28,57%

positive PCR - no
(%)

Among the MINOCA patients, women represented the

majority (55%).

Markers of myocardial necrosis (CK, CK-MB, hs
Troponin) were significantly higher in patients with
STEMI (p <0.05) in comparison with NON-STEMI and
MINOCA patients.

In terms of lipid fractions, there were no statistically
significant differences between the 3 groups. In all
groups, the average LDL cholesterol value exceeded 70
mg / dl.

Blood glucose levels were highest in the group of patients
with STEMI.

Congestive heart failure was most frequently encountered
in STEMI patients, as you can see in Table III.

Table III. NYHA functional class of heart failure in the 3

groups.

Heart Failure P value

NYHA

Functional

Class

Class 1 1

Class 11 8

Class 111 2
0
5

Group 1 Group 2 Group 3

0.08

Class IV
Total

—_— o O bk~ O

2.8% 5% 9.4%

Patients with STEMI had a lower left ventricular ejection
fraction (median value of 40%) compared to other
patients - 47.5% median value in patients with NON-
STEMI and 45% in those with MINOCA, respectively.
But no statistically significant difference was noticed (p =

0.1) - figure 2.
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Figure 2. The value of the left ventricular ejection
fraction in the 3 groups of patients.

hsCRP value was higher among patients in Group 1 (51.5
+ 55.86 mg/L), compared to the other 2 groups- Figure 3.
Figure 3. hsCRP values in the three groups.

The value of ESR was significantly higher among

patients with NON-STEMI (38.5 + 12.02 mm, p = 0.006)
compared to patients with STEMI or MINOCA. The
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lowest values were recorded in patients with MINOCA -
Figure 4.
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Figure 4. The value of ESR between the 3 groups of
patients.

The value of serum fibrinogen was similar in the 3
groups (p = 0.6).

Patients with STEMI showed slightly higher values of
serum leukocytes compared to patients with NON-
STTEMI and MINOCA, but this difference was not
statistically significant (p = 0.14) - figure 5.
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Figure 5. The value of blood leukocytes in the 3 groups
of patients.

The ferritin value was not significantly different between
groups (p =0.19).

IV. Discussion

Cardiovascular disease is the leading cause of death
globally, acute coronary syndromes (ACS) being
responsible for 85% of the cardiovascular deaths (5). In
Europe, cardiovascular diseases represent the main
causes of death: 40% in men (19% - ischemic heart
disease) and 49% in women (19% ischemic heart
disease). In our country, cardiovascular diseases are the
main cause of mortality: of these, acute coronary
syndromes (ACS) are responsible for more than half of
the deaths (8).

In STEMI patients transmural ischemia due to transient
or persistent complete occlusion of the infarct-related
coronary artery is present (5). In NON-STEMI patients,
the infarct is subendocardial. MINOCA represents a
heterogenous entity, being characterized by non-
obstructive coronary artery on angiography (defined as
no coronary artery stenosis >50%). More commonly,
MINOCA patients present as NSTEMI than STEMI (9).
The existing studies present most frequently
undifferentiated ACS cohorts, therefore this study aimed
to provide separate demographic, clinical and paraclinical
data between the 3 entities. In the current study we found
distinct clinical data in MINOCA patients in comparison
with those with conventional ACS. Patients with
MINOCA were younger (median age was 54 years),
predominantly affected women (55%). A lower
prevalence of diabetes was registered in MINOCA
patients. Left ventricular ejection fraction was higher in
MINOCA patients compared with STEMI and NON-
STEMI patients.

Inflammation plays an important role in both the
pathogenesis of ACS and also in post-myocardial
infarction recovery. Moreover, the commonly used drugs
in the treatment of ACS reduce the inflammatory process
(10). There are studies demonstrating different
inflammation kinetics between the entities of ACS (10).
In our study, at the admission STEMI patients had a
higher inflammatory state than NON-STEMI patients.
Also, MINOCA patients presented a differential
inflammatory pattern compared to STEMI and NON-
STEMI patients. They presented lower levels of serum
hsCRP, leucocytes, ESR and fibrinogen compared with
the other 2 groups. It is demonstrated that the risk related
to inflammation activation is not abolished by an invasive
early approach (10-11).

One of the most studied markers of inflammation in acute
myocardial infarction is hsCRP and studies have shown
that it represents a strong predictor of cardiac adverse
events (2,12,13). At the same time, both leukocytosis and
elevated serum fibrinogen are associated with a poor
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prognosis in patients with acute coronary events (2).
However, the association between inflammatory markers
and acute coronary events remains incompletely known
today. Therefore, the present study aimed to asses the
relationship between the usual inflammatory biomarkers -
hsCRP, leukocytes, fibrinogen, ESR, NLR and ferritin in
patients with acute coronary events, depending on the
etiology: STEMI, NON-STEMI and MINOCA.

Our study showed that the values of inflammatory
markers were increased at hospitalization of patients with
acute coronary events, regardless of etiology - STEMI,
NON-STEMI, MINOCA, respectively. These results are
in line with those of other recent studies (2). The current
study showed that there are differences in the levels of
inflammatory markers between patients with STEMI,
NON-STEMI and MINOCA, respectively. Patients with
STEMI had higher values of hsCRP and serum
leukocytes than the rest of the patients. The value of all
myocardial necrosis enzymes- hs Troponin, CK, CK-MB
was higher in patients with STEMI, compared to the rest
of the patients. The rest of the inflammatory markers -
fibrinogen, ferritin and NLR did not vary significantly
between the 3 groups. We mention that the ESR value
was higher in patients with NON-STEMI.

The left ventricular ejection fraction is an important
predictive marker of poor long-term prognosis in patients
with acute myocardial infarction (1,3). At the same time,
studies have shown that an ejection fraction <40% in
patients with acute myocardial infarction is associated
with an increase in mortality at 1 year and an increase in
the number of hospitalizations for heart failure (3). In the
present study, the left ventricle ejection fraction values

were significantly lower in patients with STEMI
compared to NON-STEMI and MINOCA.

In line with the above mentioned data, patients with
STEMI had higher inflammation biomarkers levels and a
lower systolic function compared with NON-STEMI and
MINOCA patients. Therefore, their long-term prognosis
may be poorer than that of patients with NSTEMI and
MINOCA. Therefore, one of the frequently asked
questions is what else can be done for this category of
patients. One of the answers is the long-term
administration of cardioprotective medicine, which also
relieves inflammation because the inflammatory process
continues in the recovery phase of an AMI, also (5). On
the other side, it is well documented that the inclusion of
those patients without important AMI complications in
cardiac rehabilitation programs reduces inflammation.
AMI patients are enrolled in cardiac rehabilitation
programs after an exercise stress testing (14). Cardiac
rehabilitation programs have favorable effects in all
patients with myocardial infarction, regardless of their
etiology. These patient-oriented programs cab be
performed in hospital or in the ambulatory cardiology
unit. There is ample evidence that cardiac rehabilitation

decreases inflammation and increases nitric oxide
production (14-15). Regular training for 6 months in
patients after AMI significantly reduces the local
expression of TNF-alpha, IL-1 beta, IL-6 in skeletal
muscles (14). Moreover, cardiac rehabilitation improves
oxygen consumption, physical capacity, cardiac function
(16). Studies show that the level of pro-inflammatory
markers significantly decreases after the rehabilitation
treatment in patients with AMI (16). In the future, we
aim to enroll as many patients with recent AMI as
possible in supervised physical training programs in
specialized outpatient clinics. We will evaluate the link
between inflammatory biomarkers levels and regular
physical activity and capacity after 6 months of patient-
oriented rehabilitation care.

V. Conclusion

MINOCA patients presented a differential inflammatory
pattern compared to STEMI and NON-STEMI patients.
Patients with MINOCA were younger, had a lower
prevalence of diabetes and a highr left ventricle ejection
fraction. Also, inflammation Kkinetics were different
between the entities of ACS. Patients with STEMI had
higher values of hsCRP and serum leukocytes than the
rest of the patients. The value of all myocardial necrosis
enzymes- hs Troponin, CK, CK-MB was higher in
patients with STEMI, compared to the rest of the patients.
In the present study, the left ventricle ejection fraction
values were significantly lower in patients with STEMI
compared to NON-STEMI and MINOCA.
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