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ABSTRACT

Background: The incidence of HF following ACS
remains unacceptably high at discharge and
several identified risk factors contribute to the
development of HF in this context. Objective:
This study investigated the prevalence and
clinical significance of HF in patients admit-
ted to the Clinic for Heart, Blood Vessels, and
Rheumatic Diseases at the Clinical Center of the
University of Sarajevo following ACS. Methods:
This retrospective observational study was con-
ducted at the Clinic for Heart, Blood Vessels, and
Rheumatic Diseases of the Clinical Center of
the University of Sarajevo between February 1<
and April 1, 2023, involving patients who were
admitted because of ACS. Results: Patients with
HFrEF were significantly (p=0.034) older (70.0
(62.0;76.0) vs 67.0 (57.5;75.0)), had (p=0.046)
higher median score of LDH (321.5 (222.3; 501.5)
vs. 256.0 (200.0; 420.0)), fibrinogen (p=0.047)
(4.5 (3.2; 5.1) vs 3.6 (2.8; 5.0)), and NT-proBNP
(p<0.001) (3705.0 (2500.0; 12559.5) vs. 500.0
(275.0; 333.0)), had enlarged left atrium diam-
eter (3.9 (3.4; 4.4) vs 3.6 (3.1; 4.1)), enlarged left
ventricular diameter both in diastole (5.1 (4.5;
5.8) vs 4.6 (4.1; 5.1)) and systole (3.7 (3.2; 4.1) vs
3.5 (3.1; 3.7)), thinner interventricular septum
diameter both in diastole (1.1 (1.0; 1.2) vs 1.2 (1.1;
1.3)) and systole (1.3 (1.2; 1.5) vs. 1.4 (1.3; 1.5)) and
elevated right ventricular systolic pressure (37.0
(30.0; 47.5) vs. 35.0 (28.0; 40.0 )) compared to
patients without HFrEF. Severe mitral regurgi-
tation was more observed in group of patients
with HFrEF (p<0.001). Conclusion: HFrEF pa-
tients showed a 40% incidence of post-ACS,
had elevated LDH, fibrinogen, and NT-proBNP
levels, along with distinct echocardiographic

differences, including enlarged heart chambers
and higher mitral regurgitation rates following
ACS. Early HF risk factor management is crucial
for optimizing outcomes in ACS patients.
Keywords. ACS, HFrEF, echocardiography,
ventriculat function, heart diseases.

Despite significant advancements in the
care of patients with acute coronary syn-
drome (ACS), the incidence of heart failure
(HF) following ACS remains unacceptably
high atdischarge (1). Several identified risk
factors contribute to the development of HF
in this context. For instance, a recent pro-
spective study highlighted that women have
anotably higher risk of HF onset compared
to men, even after adjusting for multiple
variables (2). In addition, patients diagnosed
with coronary artery disease (CAD) tend to
be older and often present with a cluster
of cardiovascular risk factors, including
hypertension, diabetes, and obesity (3).
These comorbidities collectively heighten
the vulnerability of individuals with CAD
to developing HF post-ACS. Furthermore,
other studieshaveidentified additional con-
tributors to HF following ACS, such as the
severity of coronaryartery lesions, extent of
myocardial damage, and presence of other
cardiac complications (4). The persistence of
high HF rates following ACS despite medi-
caladvancements underscores the need for
targeted interventionsaddressingtheserisk
factors and optimizing post-ACS care to re-
duce the burden of HF and improve patient
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outcomes in this population (5, 6) .

This study investigated the prevalence and clinical
significance of heartfailurein patients admitted tothe
Clinicfor Heart, Blood Vessels,and Rheumatic Diseases
atthe Clinical Center of the University of Sarajevo fol-
lowing ACS.It compared demographiccharacteristics,
cardiovascular risk factors, laboratory biomarkers,
and echocardiographic parameters between patients
with HF post-ACS, aiming to enhance understanding
of HF phenotypes in this clinical context.

This retrospective observational study was con-
ducted at the Clinic for Heart, Blood Vessels, and Rheu-
matic Diseases of the Clinical Center of the University
of Sarajevo. The study took place between February
1st and April 1%, 2023, involving patients who were
admitted because of ACS. The study received approval
from the Bioethical Committee of the Clinical Cen-
ter of the University of Sarajevo and was conducted
in accordance with all amendments of the Helsinki
Declaration.

Subjects

The subjectsincluded in the study were patientsre-
ferred tothe Clinic for Heart, Blood Vessels, and Rheu-
matic Diseases at the Clinical Center of the University
of Sarajevo ACS and had undergonelaboratory testing
and cardiac echocardiographic imaging. The inclu-
sion criteria were as follows: (i) patients with ACS, (ii)
patients whounderwent laboratory testing following
ACS, and (iii) patients who underwent echocardiog-
raphy following ACS. The exclusion criteria were as
follows: (i) patients referred solely for coronary angi-
ography from other healthcareinstitutions within the
country, (ii) patients unwilling to provide informed
consent, and (iii) patients who experienced mortal-
ity during PCI procedure. All subjects were informed
about the study objectives, their voluntary partici-
pation, including informed

range of parameters including C-reactive protein, D-
dimer, creatinekinase (CK), creatinekinase MB (CKMB),
troponin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT),lactate dehydrogenase (LDH),
urea, creatinine, fibrinogen, triglycerides, total cho-
lesterol, low-density lipoprotein cholesterol (LDL-c),
high-density lipoprotein cholesterol (HDL-c), very
low-density lipoprotein cholesterol (VLDL-c), HbA1lc,
N-terminal pro-B-type natriuretic peptide (NT-proB-
NP), ferritin, total iron-binding capacity (TIBC), un-
saturated iron-binding capacity (UIBC), and uric acid.

Furthermore, all patients underwent transtho-
racic echocardiography using a GE VividTM S70 ul-
trasound machine. The echocardiographic studies
were recorded and analyzed by multiple experts to
ensure objectivity in the analysis. Various echocar-
diography parameters related to left ventricular (LV)
function and hemodynamic status were measured,
including left atrium diameter (LA), left ventricular
end-diastolic diameter (LVEDD), left ventricular end-
systolic diameter (LVEDS), interventricular septum
diastolic diameter (IVSD), interventricular septum
systolic diameter (IVSS), right ventricular systolic
pressure (RVSP), presence of mitral valve regurgita-
tion (MR), aortic valve regurgitation (AR), tricuspid
valve regurgitation (TR), mitral valve stenosis (MS),
aortic valve stenosis (AS), left ventricular ejection frac-
tion (LVEF), and the presence of pericardial effusion.
Based on global systolic function, patients were catego-
rized into three groups: HFrEF, consisting of patients
with LVEF < 40%, HFmrEF consisting of patients with
LVEF 41-49%, and those with HFpEF consisting of pa-
tients with LVEF > 50%,

Statistical analysis

The gathered data was condensed and analyzed
using descriptive statistics. For normally distributed
data, frequencies and percentages were used to pres-
entthedata(mean * standard deviation). For datathat
did not follow anormal distribution, the medianalong
with the 25th and 75th percentiles were reported. To

consent,and the details of the

. Without HFrEF Total
data obtained for the study Variables HFreF No83 Neo12 p-value
purposes. N=129

i Mal 91 (70.5 64 (77.1 155 (73.1

Study instruments and Sex (No, %) ale (70.5) (77.1) 731 93
data collection Female 38 (29.5) 19 (22.9) 57 (26.9)

Allpatients admitted tothe Ageh(median:|251h, 67.0 70.0 68.0 (60.0; 0.034
Clinic for Heart, Blood Ves. /SMPStertiel (75750 (20760 7s0) 0%
sels, and Rheumatic Diseases D'ypbertensm;l't 36 (27’9) 22 (26.5) 58 2(7 3 : 0'939
at the Clinical Center of the rabetes Metus (27.9) (26.5) (27.3) .

. . . Dislipidemia 69 (53.5) 42 (50.6) 111(52.3) 0.374
University of Sarajevo for ACS .
. Smoking 50 (38.8) 26 (31.3) 76 (35.8)  0.216
underwent a comprehensive iy foctors (No. % — -

i i ich i sk factors (No. %) Positive family 5 40 o 38 (45.8 101 (47.6) 0.663
history analyms, holCh in- history for CVD (48.8) (45.8) (47.6) 0.
cluded assessing risk factors Previous ICV 10(7.8) 9 (10.8) 19(8.9) 0.488
such as gender, age, hyperten- i -

& 1888, P Renal inssufi 14(10.8) 8 (9.6) 22(10.3)  0.981

sion, dyslipidemia, diabetes

cency

mellitus, smoking, and posi-
tive family history. Addition-
ally, laboratory testing was
conducted, encompassing a
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Table 1. Sex, age and cardiovascular associated risk factors such as hypertension, diabetes

mellitus, hyperlipidemia, smoking status, positive family history of cardiovascular disease, previous
cerebrovascular insults and renal insufficiency between patients with and without HFreF admitted at
the Clinic for Heart, Blood Vessels and Rheumatic Diseases of Clinical Center of University of Sarajevo
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examine therelationship between
different variables and specific

phenomena, independent samples
t-tests, Mann-Whitney U tests, or
chi-squared tests were performed
based on the nature of the data. A
statistical significance level of p <
0.05 (two-sided) was applied.

4.RESULTS

In total 212 patients from the
Clinic for Heart, Blood Vessels and
Rheumatic Diseases of Clinical
Center of University of Sarajevo
were included in the study. Our
patients were predominantely
male 155 (72.4%), with a median
age of 68.0(60.0; 75.0), having hy-
pertension 117 (55.8%), diabetes
mellitus 58 (27.3%), dislipidemia
111 (52.3%), were active smokers
76 (35.8%) and had family his-
tory of cardiovascular diseases
101 (47.6%). The sample included
83 (39.1%) patients with HFrEF
and 129 (60.9%) without HFrEF
following ACS. No statistical dif-

Without HFreF HFrEF
N=129 N=83 p-value

fe'i;e“”"e Pro= 57(2.9; 15.5) 7.3 (2.4; 25.3) 0.264
D-dimer 0.6 (0.3; 1.1) 0.8 (0.4; 1.6) 0.346
AST 33.0 (26.0; 57.0) 36.0 (24.0; 74.0) 0.762
ALT 32.5 (26.0; 49.8) 39.0 (22.3; 59.0) 0.470
cK 166.0 (89.3; 441.0)  146.0 (64.8; 400.8) 0.239
CKMB 37.0 (22.0; 60.0) 40.0 (23.0; 116.0) 0.518
__ Troponin 395.5(67.5; 1166.8)  290.0 (90.3; 1453.3) 0.655
% LDH 256.0 (200.0; 420.0)  321.5 (222.3; 501.5) 0.046
é S Fibrinogen 3.6 (2.8; 5.0) 45(3.2;5.1) 0.047
Efg Urea 5.5(4.3; 9.1) 6.6 (5.0; 10.2) 0.126
g‘ g Creatinine 84.0(71.5; 120.0) 89.0(73.5; 110.5) 0.689
*gg Tryglicerides 1.56 (1.2; 2.5) 1.54(1.1; 2.2) 0.547
§ < Total cholesterol 5.1 (4.0; 5.7) 4.6 (3.5;5.7) 0.167
'g HDL-c 1.0 (0.9; 1.3) 1.0 (0.8; 1.3) 0.494
€ LDL-c 3.5(2.5; 4.5) 3.1(2.2; 4.6) 0.689
VLDL-c 0.6 (0.5; 1.0) 0.6 (0.4; 1.0) 0.809

NT-proBNP 500.0 (275.0; 333.0)  3705.0 (2500.0; 12559.5)  <0.001
Hb1Ac 6.3(5.4;7.2) 5.8 (5.7; 6.7) 0.574
Ferritin 230.0 (224.0; 333.0)  265.9 (225.8; 543.5) 0.129
TIBC 45.0 (36.0; 46.1) 45.6 (42.3; 49.0) 0.292
UIBC 30.1(25.3; 35.0) 33.1(28.1; 39.7) 0.444
Uric acid 445.0 (354.0; 524.5)  421.0 (339.0; 580.0) 0.962

ference (p>0.05) regarding sex
and cardiovascular risk factors
between patients with HFrEF and

without HFrEF was observed. However, patients with
HFrEF were significantly (U=4428.0, p=0.034) older
(70.0(62.0;76.0)) compared to patients without HFrEF

Table 2. Laboratory findings between patients with and without HFreF admitted at the Clinic for
Heart, Blood Vessels and Rheumatic Diseases of Clinical Center of University of Sarajevo

(67.0(57.5;75.0)) following ACS. All other data regard-
ing sex,age and cardiovascular associated risk factors
such as hypertension, diabetes mellitus, hyperlipid-

Without HFreF HFrEF
N=129 N=83 p-value
LA 3.6 (3.1; 4.1) 3.9 (3.4; 4.4) 0.006
LVEDD 4.6 (4.1; 5.1) 5.1 (4.5;5.8) <0.001
LVEDS 3.5(3.1;3.7) 3.7 (3.2; 4.1) 0.005
IVSD 1.2 (1.1; 1.3) 1.1(1.0; 1.2) 0.017
IVSS 1.4 (1.3; 1.5) 1.3(1.2; 1.5) 0.050
RVSP 35.0(28.0; 40.0) 37.0 (30.0; 47.5) 0.049
MR
Mild 71 (55.0) 32 (38.6)
Echo fin- Moderate 50 (38.7) 28 (33.7) <0.001
dings Severe 8 (6.3) 23(27.7)
AR
Mild 91 (70.5) 51(61.4)
Moderate 35 (27.1) 30 (36.1) 0.376
Severe 3(2.4) 2(2.5)
TR
Mild 83 (64.3) 40 (48.2)
Moderate 41 (31.8) 37 (44.6) 0.060
Severe 5(3.9) 6(7.2)

Table 3. 2D echocardiography findings between patients with and without HFreF
admitted at the Clinic for Heart, Blood Vessels and Rheumatic Diseases of Clinical

Center of University of Sarajevo. LA-left atrium diameter, LVEDD-Left ventricular end
diastolic diameter, LVEDS-left ventricular end systolic diameter, IVSD-interventricular

septum diastolic diameter, IVSS-interventricular septum systolic diameter, RVSP-
right ventricular systolic pressure, MR-mitral valve regurgitation, AR- aortic valve

regurgitation, TR-tricuspid valve regurgitation,

12

emia, smoking status, positive family
history of cardiovascular disease, previ-
ous cerebrovascular insults and renal
insufficiency between patients with and
without HFreF are presented in Table 1.

Patients were admitted to the Clinic
for Heart, Blood Vessels and Rheumatic
Diseases of Clinical Center of University
of Sarajevo because of ACS 212 (100.0%).
Onthelaboratory report, HFrEF patients
had a significantly (p=0.046) higher me-
dian score of LDH (321.5 (222.3; 501.5)
vs. 256.0 (200.0; 420.0)), fibrinogen
(p=0.047) (4.5 (3.2; 5.1) vs 3.6 (2.8; 5.0)),
and NT-proBNP (p<0.001) (3705.0(2500.0;
12559.5) vs. 500.0 (275.0; 333.0)) when
compared to patients without HFrEF. All
otherlaboratoryreport findings between
patients with and without HFreF are pre-
sented in Table 2.

All patients admitted to the Clinic
for Heart, Blood Vessels and Rheumatic
Diseases of Clinical Center of University
of Sarajevo have undergone echocar-
diographical examination. All 2D echo-
cardiography findings among between
patients with and without HFreF are
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presented in Table 3. HFrEF patients had enlarged left
atrium diameter (3.9 (3.4;4.4) vs 3.6 (3.1; 4.1)), enlarged
left ventricular diameter bothin diastole (5.1 (4.5;5.8)
vs 4.6 (4.1;5.1)) and systole (3.7 (3.2;4.1) vs 3.5 (3.1; 3.7)),
thinner interventricular septum diameter both in
diastole (1.1 (1.0; 1.2) vs 1.2 (1.1; 1.3)) and systole (1.3
(1.2;1.5)vs. 1.4 (1.3; 1.5)) and elevated right ventricular
systolic pressure (37.0 (30.0; 47.5) vs. 35.0 (28.0; 40.0)).
Severe mitral regurgitation was more observed in
group of patients with HFrEF (p<0.001).

5.DISCUSSION

To the best of our knowledge, this study represents
one of the initial investigations in Bosnia and Herze-
govina focusing on HFrEF following ACS. Our patient
cohort was predominantly male, older, and exhibited
prevalent risk factors such as hypertension, diabetes
mellitus, and dyslipidemia. Notably, 40% of the pa-
tients experienced HFrEF following ACS during the
observed period. Those with HFrEF were notably older
compared to individuals without HFrEF post-ACS.
Laboratory analyses indicated that HFrEF patients
had elevated levels of LDH, fibrinogen, and NT-proBNP
compared to their non-HFrEF counterparts. Addition-
ally, echocardiography revealed distinct structural
differences in cardiac parameters among HFrEF pa-
tients, including enlarged left atrium and ventricu-
lar diameters, thinner interventricular septum, and
higher right ventricular systolic pressure, along with
a higher prevalence of severe mitral regurgitation.
These findings emphasize the critical importance of
early identification and management of HF risk fac-
torsin ACS patients to optimize clinical outcomes and
customize treatment approaches.

When compared to similar studies investigating
HFrEF following ACS, older patients exhibited a sub-
stantially heightened risk, upto sixtimes greater after
hospital discharge (4, 7). This increased vulnerability
is likely due to delayed presentation or diagnosis (8),
diminished functional reserve and adaptive capacity
(9), a greater burden of comorbidities, and age-related
physiological alterations. Age-related changes in car-
diac structure and function (9), such as decreased
myocardial contractility and vascular compliance,
may also contribute to the elevated risk of HF in this
population.

Ourlaboratory findings also correlate with similar
studies (10, 11), which demonstrated higher levels of
LDH among patients with HF. Elevated LDH levels can
indicate tissue damage and cellular breakdown, com-
monly observed in HF due to impaired cardiac func-
tionand insufficient oxygen delivery to tissues. LDH is
an enzyme found in various tissues, and its elevation
in HF reflects the underlying pathological processes,
including myocardial injury and cellular stress (11).
This marker is useful in assessing disease severity
and prognosis in patients with HF. Additionally, our
study observed elevated fibrinogen levels in patients
with HFrEF, which aligns with findings from similar
research (12) and could be attributed toinflammation,
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procoagulation, and increased blood viscosity in the
development of early myocardial dysfunction. Lastly,
NT-proBNP levels were higher among patients with
HFrEF compared to those without, which aligns with
a study from the Netherlands (13).

When assessing the echocardiographic charac-
teristics of HFrEF patients, our study observed en-
larged left atrium and ventricular diameters, along
with a thinner interventricular septum and higher
right ventricular systolic pressure. The dilation of
the left atrium and ventricle represents a response to
increased volume or pressure and alterations in the
heart’s architecture (14). Elevated right ventricular
systolic pressure indicates increased pressure in the
right side of the heart, potentially resulting from left
HF (15). Additionally, we observed also a higher inci-
dence of severe mitral regurgitation in HFrEF patients
which further contributes to HF (16). In these cases,
mitral regurgitation in HFrEF can result from struc-
tural changes in the heart, such as left ventricular
dilation and dysfunction, which affect the function
of the mitral valve.

6.CONCLUSION

This study in Bosnia and Herzegovina focused on
HFrEF after ACS. The patient cohort, predominantly
older males with prevalent risk factors like hyperten-
sion and diabetes, showed a 40% incidence of HFrEF
post-ACS. HFrEF patients had elevated LDH, fibrino-
gen, and NT-proBNP levels, along with distinct echo-
cardiographic differences, including enlarged heart
chambersand higher mitralregurgitationrates. Early
HF risk factor management is crucial for optimizing
outcomes in ACS patients.
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o Conflict of interest: None to declare.

« Financial support and sponsorship: None.

REFERENCES

1. Cordero A, Rodriguez-Manero M, Bertomeu-Gonzalez,
etal. New-onset heart failure after acute coronary syn-
dromeinpatients without heart failure or left ventricu-
lar dysfunction. Rev Esp Cardiol. 2021; 74(6): 494-501.
doi: 10.1016/j.rec.2020.03.011

2. Cenko E, Monfrini O, Yoon J, et al. Sex Differences in
Heart Failure Following Acute Coronary Syndromes.
JACC. 2023; 2(3): 100294. Available at: https://doi.
org/10.1016/j.jacadv.2023.100294.

3. Chen YT, Vaccarino V, Williams CS, Butler J, Berkman
LF, Krumholz HM. Risk factors for heart failure in the
elderly: a prospective community-based study. Am J
Med..1999. 106(6): 605-612. https://doi.org/10.1016/
S0002-9343(99)00126-6

4. JencaD,MelenovskyV,Stehlik],etal. Heart failure after
myocardial infarction: incidence and predictors. ESC
Heart Fail. 2021; 8(1): 222-237. doi: 10.1002/ehf2.13144

5. TedeschiA,PalazziniM, TrimarchiG, etal. Heart Failure

13



Heart Failure After Acute Coronary Syndrome: A Comprehensive Analysis from Bosnia and Herzegovina

10.

11.

14

Management through Telehealth: Expanding Care and
Connecting Hearts. J Clin Med. 2024: 13(9): 2592 Avail-
able at: https://doi.org/10.3390/jcm13092592

Sapna FNU, Raveena FNU, Chandio M, et al. Advance-
ments in Heart Failure Management: A Comprehensive
Narrative Review of Emerging Therapies. Cureus. 2023;
15(10): e46486. doi: 10.7759/cureus.46486

Torabi A, Cleland JGF, Rigby AS, SherwiN. Development
and course of heart failure after amyocardialinfarction
inyounger and older people. ] Geriatr Cardiol. 2014; 11(1):
1-12.doi: 10.3969/j.issn.1671-5411.2014.01.0

AyunaA, Sultan A. Acute coronary syndrome: which age
group tends to delay call for help? Egypt Heart J. 2021;
73:1.doi: 10.1186/s43044-020-00124-7

Fleg]L, Strait]. Age-associated changesin cardiovascu-
lar structure and function: a fertile milieu for future
disease. Heart Fail R. 2012; 17(4): 545- 54. doi: 10.1007/
s10741-011-9270-2.

Piper C, Horstkotte D, Bock AK, et al. Myocardial lactate
dehydrogenase patterns in volume or pressure over-
loaded left ventricles. Eur ] Heart Fail. 2002; 4(5): 587-
591. https://doi.org/10.1016/s1388-9842(02)00088-0.
Zeng Y, Zhao Y, Dai S, et al. Impact of lactate dehydro-
genase on prognosis of patients undergoing cardiac

12.

13.

14.

15.

16.

surgery. BMC Cardiovasc Disord 22, 404. Available at:
https://doi.org/10.1186/512872-022-02848-7

Yan RT, Fernandes V, Yan AT, et al. Fibrinogen and Left
Ventricular Myocardial Systolic Function: The Multi-
Ethnic Study of Atherosclerosis. Am Heart]. 2011:160(3):
479-486.doi: 10.1016/j.ahj.2010.06.001

Roalfe AK, Taylor CJ, Kelder JC, Hoes AW, Hobbs FDR.
Diagnosing heart failure in primary care: individual
patient data meta-analysis of two European prospec-
tive studies. ESC Heart Fail. 2021; 8(3): 2193-2201.
doi: 10.1002/ehf2.13311

Popovic B, Agrinier N, Voillot D, Elfarra M, Villemot JP,
Maureira P. Ventricular Dysfunction in Patients with
Acute Coronary Syndrome Undergoing Coronary Sur-
gical Revascularization: Prognostic Impact on Long-
Term Outcomes. PLoS One. 2016; 11(12): e0168634.
doi: 10.1371/journal.pone.0168634

Shin J.T., Semigran M.]. Heart failure and pulmonary
hypertension. Heart Fail Clin. 2010; 6(2): 215-222.
doi: 10.1016/j.hfc.2009.11.007.

Varma PK, Krishna N, Jose RL, Madkaiker AN. Ischemic
Mitral Regurgitation. Ann Card Anaesth. 2017; 20 (4):
432-439.doi: 10.4103/aca.ACA_58_17

ORIGINAL PAPER « Mater Sociomed. 2024; 36(2): 110-114



