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Corresponding author: Aleksandra Milovančev, Institute of cardiovascular diseases of Vojvodina, Sremska Kamenica, Serbia, +381642746046  
Email: aleksandra.milovancev@mf.uns.ac.rs

Introduction: Left ventricular dysfunction (LVD) in chronic obstructive pulmonary disease (COPD) 
increases the risk of mortality. The coexistence of LVD and COPD has substantial number of diagno-
stic difficulties. It is still not clear how prevalent is it and what causes LVD in COPD patients without 
cardiovascular diseases. The aim of our study was to assess the prevalence of LVD and its associa-
tion with the severity of the COPD.
Methods: The prospective cohort study included 120 patients with previously diagnosed stable 
COPD. In all patients spirometry and transthoracic echocardiography were performed. Patients were 
divided into four stages of COPD, according to Global Initiative for Chronic Obstructive Lung Disea-
se (GOLD) criteria.
Results: The prevalence of LVDD across the cohort was 65.8%. The first degree of DD was found in 
42.5% of COPD patients, second degree in 20.8% and third degree DD in 2.5% of patinets. LVDD was 
present in all COPD stages, but was not associated  with the severity of the COPD disease (p = 0.8). The 
parameters of systolic function are decreasing with COPD stage, with significant differences between 
groups (SVI (p=0.01), EF p<0.001).  Decreased EF≤49% was found in the 16.6% of cochort, in the first 
COPD stage 13.3% vs. 10% in GOLD II vs. 20% in GOLD III and 23.3% of patients in GOLD IV.  
Conclusion: Undiagnosed LVD in COPD patients without previously diagnosed CVD was highly pre-
valent. These results highlight the need for regular echocardiography screening to reduce morbidity 
and mortality in these patients. 

chronic obstructive pulmonary disease, left ventricular dysfunctions, echocardiography

Abstract

Kew words

Introduction

Chronic obstructive pulmonary disease (COPD) is 
the fourth leading cause of mortality globaly1. 
COPD and cardiovascular (CV) disorders are very 
common combination, as they share the same 

risk factors. Small airway obstruction plays the most im-
portant patophysiological role in COPD and represents 
an important risk factor for cardiac impairment2. Pati-
ents with mild airflow limitation have more chance to 
die from CV event than respiratory failure3. The forced 
expiratory volume in the first second (FEV1) is a well 
established predictor of cardiovascular morbidity and 
mortality4. Hypoxia and systemic inflammation go along 
with COPD and may lead to ventricular dysfunction5. The 
coexistence of COPD and heart failure (HF) has a number 
of diagnostic and therapeutic pitfalls and increases the 
mortality risk6,7.
The association between left ventricular dysfunction 
(LVD) and COPD has not been well studied. Conflicting 

results suggest a prevalence of LVD between 9-52% in 
COPD patients8. The presence of even subclinical diasto-
lic LV dysfunction raises the risk of all cause mortality in 
COPD9. Importantly, when assessing the LV function lar-
ge amount of studies did not exclude patients with car-
diovascular comorbidities such as ischemic heart dise-
ase or hypertension that influence the left ventricular 
function regardless of  COPD. The aim of our study was 
to asses the prevalence of left ventricular dysfunction 
in stable COPD patients without formerly diagnosed car-
diovascular disorders that may influence ventricular 
function. We also aimed to investigate weather left ven-
tricular dysfunction is associated with COPD severity.

Methods
We performed a prospective cohort study that was con-
ducted at the Institut of pulmonary diseases diseases of 
Vojvodina, Sremska Kamenica, Serbia. We included 120 
male patients who were previously diagnosed with 
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COPD, according to the Global Initiative for Chronic Ob-
structive Lung Disease (GOLD) criteria. Patients were 
divided into four stages of COPD considering the FEV1 
and arterial blood gas values. We excluded patients with 
any serious illness previously diagnosed or treated: pul-
monary diseases (interstitial, tromboembolic, bronchial 
carcinoma), pulmonary artery hypertension, CV disor-
ders (coronary artery disease, significant valvular steno-
sis or regurgitation, prior cardiac surgery, history of he-
art failure, arterial hypertension, atrial flutter and fibri-
llation, signs of left ventricular hypertrophy or left bru-
nch bundle block in electrocardiogram).
All patients underwent clinical history assessment, ant-
hropometric measurements (body weight, body height), 
blood pressure measurement, pulmonary function te-
sting, electrocardiography, and transthoracic echocar-
diography. The study was approved by the Institutional 
Ethics committees, according to the Declaration of Hel-
sinki, and informed consent was obtained from all par-
ticipants. Assasment of the pulmonary function testing 
included spirometry, total body plethysmography and 
arterial blood gas analysis. Spirometry was performed 
according to 2005 ATS/ERS criteria10. A postbronchodi-
lator values for  forced expiratory volume in 1 second 
(FEV1), forced vital capacity (FVC), and the FEV1/FVC 
ratio were used  according to GOLD recomendations. 
Standard two-dimensional echocardiography were per-
formed using echocardiographic instrument GE Vivid, 
using a probe of 2.5 MHz included a long parasternal, 
short parasternal apical and subcostal echocardio-
graphic view. Results were analyzed by an echo-cardio-
logist blinded to all clinical data. We used a two-dimen-
sional (2D), M-mode, Continuous Doppler (CW), Pulsed 
Doppler (PW), color and tissue Doppler according to the 
American Society of Echocardiography guidelines11. Pa-
tients were placed in the position of left lateral decubi-
tus and detailed evaluation of the cardiac chambers 
were done. The following measurements were made in 
2D echocardiography from a parasternal long-axis view: 
interventricular septum in diastole thickness (IVS), left 
ventricular end-diastolic diameter (LVEDD), left ventri-
cule end-sistolic diametar (LVESD), posterior wall in dia-
stole thickness (PWT), right ventricular diameter (RVD) 
and left atrium (LA) diametar in end sistoly. 
From apical four, two, and three-chamber views we cal-
culated left ventricular end-diastolic volume (LVEDV), 
left ventricular end-systolic volume (LVESV), and left 
atrial maximal volume (LAVS) using the biplane summa-
tion of disks method. The  left ventricular ejection frac-

tion (EF) was calculated using the modified Simpson’s 
method. Cardiac dimensions were indexed for BSA. Pul-
sed wave Doppler parameters were obtained from the 
apical 4-chamber view at the tip of the mitral leaflets. 
The peak early diastolic (E) and late diastolic (A) mitral 
flow velocities and E/A ratio was calculated. Pulsed ti-
ssue Doppler of the septal and lateral mitral annulus 
were acquired from the apical four-chamber view. Peak 
early diastolic mitral annular velocities (e′) were mea-
sured both at the septal and lateral annulus. The ratio 
for E/e′ was calculated, both for the septal and the late-
ral wall, and with e′ averaged from the septal and lateral 
wall. A comprehensive approach was used to diagnose 
and grade the left ventricular diastolic dysfunction 
(LVDD) according to the recommendations of the ASE 
201612. The pulmonary artery systolic pressure (PASP) 
was assessed using Bernoulli equation from the jet of 
the tricuspid regurgitation (TR), while right atrial pressu-
re was obtained from imaging of the inferior vena cava 
in the subcostal view. 

Statistical analysis
Data were collected through a standardized questionna-
ire and verified by the author, coded and entered into a 
specialy designed database.
We calculated frequencies, percentages, mean, standard 
deviation. For variables with normal distribution compa-
rison between the COPD group was performed using 
analysis of variance, followed by, if necessary, Tukey’s 
multiple comparison test. For variables with normal dis-
tribution comparison was performed using the Kruskal 
Valis test, followed by multiple comparison medium rang 
test. Rate of correlation was calculated by Spearman’s 
correlation. The statistical software Statistica (Statistica 
13.5, The Ultimate Academic Bundle, StatSoft Europe 
GmbH, Hamburg, Germany; university license for the Uni-
versity of Novi Sad) was used for all analyses.

Results
The study included 120 men, mean age 59.78 ± 7.46 ye-
ars old. Patients were classified according to GOLD cla-
ssification to GOLD I, II, III and IV stage. The details of  
characteristics among different stages are shown in Ta-
ble 1. Age did not differ statistically between the groups. 
The BSA decreased in severe COPD, with a significant  
difference between stage I and IV (p=0.02). 
The details of echocardiographic parametars in all gro-
ups are presented in Table 2. There is a trend of diasto-

Table 1. Anthropometric and clinical characteristics between groups

Variables COPD I (n = 30) COPD II (n = 30) COPD III (n = 30) COPD IV (n = 30) p-Value
Age . years Mean ± SD 56.90 ± 8.9 57.90 ± 7.4 62.53 ± 6.9 61.76 ± 4.6 0.09

BSA 1.98 ± 0.28 1.94 ± 0.20 1.85 ± 0.17 1.82 ± 0.16 0.002
BMI 25.70 ± 4.3 26.33 ± 6.6 23.56 ± 4.2 23.4 ± 4.9 0.09
SBP 123.17±7.25 120.50±10.53 121.17±9.97 121.33±9.00 0.53
DBP 76.33±5.56 76.33±8.80 75.67±6.66 75.83±6.44 0.93
FEV1 93.87± 10.1 62.8 ± 7.7 33.32 ± 7.3 28.13 ± 5.9 <0.001

BSA - body surface area, BMI - body mass index, SBP - systolic blood pressure, DBP - diastolic blood pressure, FEV1 - forced expiratory 
volumen in 1 second
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lic dysfunction imparment with COPD stage. There were 
stasticaly significant differences between group in the E 
vawe (p <0.001), E/A ratio p<0.001, E’/A’ ratio p=0.02 
and E/E’ ratio p=0.05. 
There are statistically significant differences between 
groups in left ventricular systolic (LVESd p=0.02) and dia-
stolic diameters (LVEDd p=0.01) with trend of chamber 
dilatation increasing with COPD stage. The parameters 
of systolic function are decreasing with COPD stage, 
with significant differences between groups (SVI 
(p=0.01), EF p<0.001).  Decreased EF≤49% was found in 

the 16.6% of cochort, in the first COPD stage 13.3% vs. 
10% in GOLD II vs. 20% in GOLD III and 23.3% of patients 
in GOLD IV.  
Grading of LVDD across COPD stages is presented in fi-
gure 2. The prevalence of LVDD across the cohort was 
65.8%. The first degree of DD was found in 42.5% of 
COPD patients, second degree in 20.8% and third de-
gree DD in 2.5% of patinets. LVDD was present in all 
COPD stages, but was not associated  with the severity 
of the COPD disease (p = 0.8). 

Table 2. Echocardiographic characteristics of patients across the COPD groups

Variables COPD I (n = 30) COPD II (n = 30) COPDIII (n = 30) COPD IV (n = 30) p-Value
LAVSI (ml) 32.87 ± 5.51 33.93 ± 4.98 33.47 ± 5.06 34.69 ± 5.38 0.66
E (m/sec) 0.79 ± 0.21 0.65 ± 0.19 0.58 ±0.15 0.60 ± 0.16 0.00
A (m/sec) 0.80 ±0.18 0.81 ± 0.19 0.83 ± 0.26 0.90 ± 0.25 0.72
E/A 1.07 ± 0.27 0.75 ± 0.13 0.69 ± 0.11 0.71 ± 0.09 0.00
E’(m/sec) average 0.10 ± 0.03 0.08 ± 0.03 0.09 ±0.03 0.09 ± 0.02 0.14
A’(m/sec) average 0.12 ±0.06 0.12 ± 0.04 0.13 ± 0.13 0.12 ± 0.05 0.94
E’/A’ average 0.99 ± 0.55 0.71 ± 0.19 0.88 ± 0.33 0.78 ± 0.27 0.02
E/E’ ratio 7.09±2.71 7.56±2.66 7.95±3.51 8.19±3.28 0.05
LVESd (mm) 31 ± 6.19 31.07 ± 4.68 32.33 ± 4.96 35.83 ± 8.47 0.02
LVEDd (mm) 43.60 ± 6.16 47.57 ± 4.74 47.10 ± 4.25 49.47 ± 7.86 0.01
IVSd (mm) 10.77 ± 1.36 10.12 ± 1.08 10.27 ± 1.06 10.5 ± 1.31 0.15
PWd (mm) 10.98 ± 1.29 10.48 ± 1.53 10.32 ± 0.97 10.43 ± 1.25 0.09
EDVI (ml/m2) 56.50 ± 15.62 52.35 ± 12.99 55.34 ± 11.31 58.53 ± 15.60 0.39
ESVI (ml/m2) 23.91 ± 8.93 23.74 ± 6.83 24.13 ± 5.65 31.57 ± 13.38 0.03
SVI(ml/m2) 32.58 ± 7.98 28.62 ± 7.00 31.21 ± 7.51 26.96 ± 6.88 0.01
EF % 60.03 ± 5.42 55.40 ± 5.35 56.50 ± 5.82 50.03 ± 9.25 <0.001
RV (mm) 27.30 ± 3.01 26.57±3.43 29.06±3.72 30.07±4.21 <0.001
RVSP 23.31 ± 7.08 26.24 ± 6.72 29.64 ± 10.31 39.20 ± 15.93 <0.01
TAPSE 2.03 ±0.32 2.07±0.31 1.79±0.36 1.7±0.34 <0.001

COPD - chronic obstructive pulmonary disease, LAVSI - left atrial volume systolic index, LVEDd - left ventricular end-diastolic diameter, LVESd 
- left ventricule end-sistolic diametar, IVSd - interventricular septum in diastole thickness, PWd - posterior wall in diastole thickness, EDVi 
- left ventricular end-diastolic volume index, ESVI - left ventricular end-systolic volume index, SVI - stroke volume index, EF - ejection frac-
tion, RV - right ventricle 
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Figure 1. Ejection fraction across the spectum of COPD stages 
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Discussion
Our study showed a high prevalence of unknown ven-
tricular dysfunction in patients with COPD in patient 
without history of cardiovascular diseases. 
LVD in COPD has been described in earlier studies but 
the prevalence varies widely9,13-18. This wide variation is 
in part due to the dissimilar studied populations’ cha-
racteristics, and in part due to the different echocardi-
ographic methods used for the assessment of LV diasto-
lic dysfunction19. Our study showed that early COPD 
stages are more prone to have left ventricular diastolic 
dysfunction, while severe COPD is associated with both 
left ventricular systolic and diastolic dysfunction. We 
found  no correlation between the severity of COPD and 
LVDD. Similiar to our results the study from Freixa et al. 
showed that echocardiographic abnormalities in COPD 
patients were unrelated to COPD severity16. In the same 
way, there was no relation of pulmonary function para-
meters to pulmonary artery pressure and diastolic func-
tion parameters in study from Ozer et al15.
The pathophysiology and relationship between LVD and 
COPD is complex and involves a lot of factors including 
hypoxia, neurohumoral activation, endothelial dysfunc-
tion, inflammation/oxidative stress, ventricular interde-
pendence, hyperinflation/emphysema and coronary 
artery disease (CAD)20.
Alveolar hypoxia and consequent hypoxemia causes en-
dothelial dysfunction, arterial stiffness, blood pressure 
raise21,22 and triggers LV relaxation impairment. Experi-
mental research in healthy subjects submitted to long 
periods of altitude induced hypoxia has shown a marked 
decrease in LV preload, owing to a reduction in their 
plasma volume23.
Left and right ventricle are anatomically and physiologi-
caly bonded, they share pericardium and ventricular 
septum. Changes in right ventricular (RV) functions may 
influence left ventricular functions. Ventricular interde-
pendence is a significant phenomenon in patients with 
COPD20. RV structural changes and remodeling with RV 
subclinical dysfunction is seen even in mild COPD. Pul-
monary vascular changes and intermittent increases in 

pulmonary artery pressure (PAPs) that occur during 
exercise and/or sleep in early stages of COPD cause RV 
wall stress, thickening and hypertrophy24. RV concentric 
hypertrophy decreases RV enddiastolic volume and al-
ters right ventricular and left ventricular diastolic func-
tion. Dilating RV hypertrophy is usually seen in severe 
stages of COPD, that has also been seen in our study.
High prevalence of LVDD is described in pulmonary 
emphysema which is usually seen in severe COPD. Watz 
et al. found that abnormal LV filling is a consequence of 
chest hyperinflation in patients with COPD and showed 
that LVDD is not related to LV myocardial malfunction 
but rather to a reduced preload25. Lung volume reducti-
on surgery showed  improvement in the LVD function in 
patients with emphysema, supporting that the changes 
in the LVD function are not due to myocardial malfunc-
tion26. In study from Barr et al severe airflow obstruction 
were linearly related to impaired left ventricular filling, 
reduced stroke volume, and lower cardiac output wit-
hout changes in the ejection fraction. Impared diastolic 
function is surrogate for decreased left ventricular pre-
load. Reduced preload affect stroke volume and ejection 
fraction. There are multiple mechanisms affecting left 
ventricular systolic function in COPD patients17. 
Sistolic left ventricular dysfunction was only present in 
severe stages of COPD in our study. The LVSD prevalen-
ce differs significantly in patients with stable COPD. 
From 0%–16% in COPD patients without previously di-
agnosed cardiovascular diseases7 and from 8-26.7% in 
all COPD population9,16,27-28. LVSD is associated with the 
severity of COPD i.e., more severe COPD is more likely 
to have LV systolic dysfunction27,29, which is consistent 
with our results. Some investigators postulated that 
CAD which is not proved with conventional methods 
may be the cause for LVSD in COPD30.
COPD is a progressive disease, and with slow chronic air-
flow limitation both left ventricle (LV) and right ventricle 
(RV)  and their systolic and diastolic function31 are afected. 
Signs and symptoms of LV failure can be difficult to diffe-
rentiate from those of COPD. This is partly due to similar 
clinical manifestations but mainly due to lack appropriate 
diagnostic tests to diagnose HF and/or COPD32.

Figure 2. Left ventricular diastolic function across COPD stages
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HF in COPD is an independent predictor of hospitaliza-
tions and death. Subclinical diastolic dysfunction can be 
an early predictor of left ventricular dysfunction and 
heart failure9. Both LVDD and LVSD have increased mor-
tality. So even mild stages can be predictor of poor pro-
gnosis9,28. The results of our study demonstarted that 
significant portion of COPD patients with no prior hi-
story of cardiovascular diseases  have LVDD, even among 
mild COPD stages, suggesting that LVDD is vastly under-
diagnosed in COPD which can have a detrimental effect 
on long term outcomes of these patients.  Still, it is not 
clear which COPD patients are at risk for LVDD. In the 
same line, about 16.6% of  COPD patients had EF<50%, 
and no previous history of CVD, however high symptom 
burden could likely obscured  the diagnosis.
Our study has several limitations. First, we included a 
relatively  small number of patients which may preclude 
some statistical analysis. Second, we compared echocar-
diographic features with spirometric classification of 
COPD, as the study was designed before the updated 
simptom/risk GOLD classification of COPD. Finally,  pa-
tients treated in University  hospitals may not represent 
the general population. 

Conclusion
High prevalence of unrecognized ventricular dysfuncti-
on in COPD patients with no history of CVD highlights 
the need for echocardiography in these patients. We 
may postulate that in mild COPD stages intermitent 
hypoxia and sistemic inflamation play a major role in 
LVDD. Ventricular dysfunction may begin to develop 
from the begining in the progress of pulmonary disease 
and might stay sub-clinical for a long time. 
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opstruktivnom bolesti pluća
Aleksandra Milovančev1,2, Marija Vukoja1,3, Violeta Kolarov1,3, Aleksandra Ilić1,2, Anastazija Stojšić Milosavljević1,2, 
Snežana Tadić1,2, Maja Stefanović1,2, Tatjana Miljković1,2, Milovan Petrović1,2

1Medicinski fakultet, Univerzitet Novi Sad, Novi Sad, Srbija, 2Institut za kardiovaskularne bolesti Vojvodina, Sremska Kamenica, Srbija, 
3Institut za plućne bolesti Vojvodina, Sremska Kamenica, Srbija

Uvod: Disfunkcija miokarda leve komore (LVD) kod bolesnika sa hroničnom obstruktivnom bolesti pluća (HOBP) 
povećava rizik od mortaliteta. Istovremeno postojanje  LVD i HOBP nosi veliki broj dijagnostičkih poteškoća. Još 
uvek nije jasno kolika je učestalost i šta dovodi do LVD u HOBP kod bolesnika bez prethodne kardiovaskularne bo-
lesti. Cilj studije je bio odrediti učestalost disfunkcije miokarda leve komomre i njenu povezanost sa stepenom te-
žine HOBP.
Metodologija: Prospektivna kohortna studija je uključila 120 bolesnika sa prethodno dijagnostikovanom stabilnom 
hroničnom obstruktivnom bolesti pluća. Svim bolesnicima je urađena spirometrija i ehokardiografija. Bolesnici su 
podeljeni u četiri stadijuma HOBP prema kriterijumima globalne inicijative za HOBP (GOLD). 
Rezultati: Prevalencija dijastolne LVD u celoj kohorti bila je 65.8%, prvi stepen nađen je kod 42.5% pacijenata sa 
HOBP, drugi stepen kod 20.8%, a treći stepen kod 2.5% pacijenata, bez statistički značajne povezanosti sa težinom 
HOBP bolesti (p = 0.8). Sistolna funkcija opada sa stadijumom HOBP, sa značajnim razlikama između grupa (SVI 
(p=0,01), EF p<0,001). Smanjenje EF≤49% nađeno je u 16.6% kohorte, u prvoj fazi HOBP 13.3% naspram 10% u 
GOLD II prema 20% u GOLD III i 23.3% pacijenata u GOLD IV. 
Zaključak: Veliki broj bolesnika bez prethodne srčane bolesti je imao neprepoznatu disfunkciju leve komore. Ovi 
rezultati naglašavaju važnost ehokardiografije u skreeningu radi pravovremene dijagnostike i lečenja u cilju spre-
čavanja morbiditeta i mortaliteta ovih bolesnika. 

Ključne reči: hronična opstruktivna bolest pluća, disfunkcija leve komore, ehokardiografija
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Background. Coronary artery disease (CAD) is the leading cause of heart failure (HF). The beneficial 
effects of cardiac rehabilitation (CR) in CAD patients are well known but whether they depend on 
ejection fraction (EF) is rather unknown. 
Aim. To examine whether CAD pts with reduced, mildly reduced, and preserved EF benefit equally 
from comprehensive CR in terms of exercise tolerance.
Methods. 828 CAD pts attended a three-week CR program at the residential center. Before attending 
CR all patients underwent an echocardiographic exam after which pts were divided into three 
groups: heart failure with reduced (HFrEF≤40%), mildly reduced (HFmrEF 41-49%), and preserved 
EF (HFpEF≥50%). At baseline and at the end of CR exercise stress test (EST) was taken. 
Results. There were 84 HFrEF pts (10.14%), 246 HFmrEF pts (29.71%), and 498 HFpEF pts (60.15%). 
At the first EST (EST1) and at the second EST (EST2) HFpEF and HFmrEF patients showed better strain 
tolerance compared to pts with HFrEF by reaching a higher strain levels and longer duration of EST. 
However, all three groups showed better strain tolerance at the EST2. Namely, they all reached 
higher strain level (for all three groups p=0.000) and longer duration of EST (for all three groups 
p=0.000). Also, in all three groups significantly higher percentage of patients reached submaximal 
heart rate at the EST2 compared to EST1 (p=0.001 for HFrEF, p=0.006 for HFmrEF, and p=0.000 for 
HFpEF). Pts with HFrEF had a significantly higher rate of arrhythmia at the EST2 compared to pts 
with HFmrEF and HFpEF (p=0.009). Improvement of physical strain level and duration of EST on EST2 
compared with EST1 was more pronounced in pts with reduced (by 19,2% and 28,7%), than in pts 
with mildly reduced (by 13,9% and 17,5%) and pts with preserved LVEF (14,1% and 16,8%).
Conclusion. Results indicate that CR significantly improved physical strain tolerance in patients with 
coronary artery diseases independent of ejection fraction. In pts with HFmrEF and HFpEF CR resulted 
in higher level of strain tolerance than in pts with HFrEF. However, improvement in exercise capacity 
was more pronounced in pts with HFrEF.

coronary artery disease, heart failure, cardiovascular rehabilitation

Abstract

Kew words

Introduction

Heart failure (HF) is a clinical syndrome consi-
sting of clinical signs and symptoms caused by 
structural or functional heart abnormalities 
that lead to reduced cardiac output or eleva-

ted intracardiac pressure1. The prevalence of HF is 1-2%, 
but rises with age and appears to be higher than 10% in 
patients aged 70 years or older2. The most common cau-
ses of HF are coronary artery disease (CAD) and arterial 
hypertension (HTA)1.
HF is divided into three categories based on left ven-
tricular ejection fraction (LVEF): HF with reduced EF 
(HFrEF) with EF ≤40%, HF with mildly reduced EF (HFm-
rEF) with EF 41-49%, and HF with preserved EF (HFpEF) 
with EF ≥50% (1). About 1/2 of HF patients have HFrEF, 

and the other half have HFmrEF or HFpEF3. It seems that 
patients with HFrEF have a worse prognosis compared 
to patients with HFmrEF or HFpEF1. However, in many 
cases HFpEF and HFmrEF progress to HFrEF1.
A well-designed cardiovascular rehabilitation (CVR) is of 
tremendous importance in the treatment of cardiovas-
cular diseases and secondary prevention of cardiovas-
cular events. It improves the quality of life, reduces the 
risk of secondary cardiovascular events and prolongs 
life4. Moreover, in CAD patients CVR reduces inflamma-
tion and oxidative stress5 and has a great impact on he-
modynamics6. These positive effects are noted in both 
genders7. The latest European Association of Cardiology 
(ESC) Guidelines for the diagnosis and treatment of 
acute and chronic HF give IA recommendation for exer-
cise rehabilitation in all HF patients “who are able in 
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order to improve exercise capacity, quality of life, and 
reduce HF hospitalization”1. These recommendation is 
given for all three classes of HF, although there is no 
date on beneficial effects of CVR on patients with 
HFmrEF.
The aim of the study was to examine whether patients 
with coronary artery disease and reduced, mildly re-
duced, and preserved EF benefit equally from compre-
hensive cardiovascular rehabilitation in terms of exer-
cise tolerance.

Methods
The study involved eight hundred twenty-eight CAD pa-
tients, 202 (24.4%) women and 626 (75.6%) men. All 
patients participated in a three-week CVR program at 
the Institute for Treatment and Rehabilitation “Niska 
Banja” after surviving myocardial infarction (MI), percu-
taneous coronary intervention or coronary artery by-
pass grafting (CABG). Before the beginning of CVR an 
echocardiographic exam was performed and all patients 
were divided into three groups: patients with HFrEF (84 
patients, 10.14%), HFmrEF (246 patients, 29.71%), and 
PFpEF (498 patients, 60.15%). All patients belonged to 
New York Heart Association (NYHA) I-II class.
During a three-week CVR all patients underwent a 
dosed and individualized physical training which includ-
ed bicycle riding, walking and cardiovascular exercise 
programs. At baseline and at the end of CVR exercise 
stress test (EST) was done. ESTs were performed on the 
treadmill (3017 Full Vision Drive, Newton, Kansas, USA) 
according to the Bruce protocol. Tests were limited by 
symptoms and signs like chest pain, lack of air, dizziness, 
etc., complex heart rhythm disorders, pathological 
changes on the electrocardiogram (ECG), or submaximal 
heart rate (calculated as 85% from 220-age equation). 
Pathological changes on ECG were defined as the occur-
rence of horizontal and/or down-sloping ST depression 
≥ 01 mm. Complex heart rhythm disorders were defined 
as long-term episodes of bigeminy of ventricular 

premature complex (VPC), couplets of VPC, and ven-
tricular tachycardia. All data were collected, compared, 
and analyzed based on EF values. 
Statistical analysis was performed using SPSS for Win-
dows (Version 20; SPSS, Chicago, IL, USA). Frequencies 
and percentages were used for the description of the 
patient’s characteristics. Numerical data were expressed 
as mean ± standard deviation (SD). The Kolmogorov-
Smirnov test was used to test the normality of data. 
Statistical significance for nominal data was tested with 
the χ2 test and, where appropriate, the Fisher exact 
test. The Student’s t- test was used to assess the statisti-
cal significance of parametric continuous data, and 
Mann–Whitney U-test and Wilcoxon Signed Ranks Test 
were for nonparametric continuous variables. The Pear-
son’s correlation was used to determine the correlation 
between variables. Statistical significance was set to a 
level of p < 0.05.

Results
Women were more present in the group with HFpEF 
compared to the other two groups (27.51% vs. 19.51 
HFmrEF, and 20.24% HFrEF), with statistically significant 
difference noted between HFmrEF and HFpEF (p=0.37). 
The age structure was similar in all three groups. Smok-
ers were more present in group with HFmrEF (58.54%) 
compared to the group with HFpEF (48.19%) and HFpEF 
(52.38%), with statistically significant difference noted 
between HFmrEF and HFpEF (p=0.033). Other risk fac-
tors for cardiovascular diseases (hyperlipidemia, diabe-
tes mellitus, arterial hypertension, heredity) did not 
differ between the groups (Table 1).
At the beginning of CVR, the first exercise stress tests 
(EST1) were performed. Patients with HFpEF showed 
better strain tolerance compared to HFrEF and HFmrEF 
as they achieved higher strain level. Also, EST1 lasted 
the longest in patients with HFpEF. On the other hand, 
patients with HFrEF showed the worse strain tolerance. 
For both parameter statistically significant differences 

Table 1. Baseline characteristic of patients

 EF
≤40%

Groups 
Total χ2 p

41%-49% ≥50%

Gender 
n (%)

Women 17 (20.24%) 48 (19.51%) 137 (27.51%) 202 (24.4%)
6.587 .037

Men 67 (79.76%) 198 (80.49%) 361 (72.49%) 626 (75.6%)
Hyperlipidaemia  

n (%)
No 9 (10.71%) 29 (11.79%) 46 (9.24%) 84 (10.14%)

1.209 .546
Yes 75 (89.29%) 217 (88.21%) 452 (90.76%) 744 (89.86%)

Hypertension 
n (%)

No 13 (15.48%) 32 (13.01%) 69 (13.86%) 114 (13.77%)
.329 .848

Yes 71 (84.52%) 214 (86.99%) 429 (86.14%) 714 (86.23%)

Diabetes mellitus 
n (%)

No 63 (75%) 184 (74.8%) 371 (74.5%) 618 (74.64%)
.014 .993

Yes 21 (25%) 62 (25.2%) 127 (25.5%) 210 (25.36%)

Heredity 
n (%)

No 57 (67.86%) 148 (60.41%) 294 (59.04%) 499 (60.34%)
2.338 .311

Yes 27 (32.14%) 97 (39.59%) 204 (40.96%) 328 (39.66%)

Smoking  
n (%)

No 40 (47.62%) 102 (41.46%) 257 (51.61%) 399 (48.19%)
6.797 .033

Yes 44 (52.38%) 144 (58.54%) 241 (48.39%) 429 (51.81%)
Age (m±sd) 61.93±10.01 59.78±9.75 60.79±9.6 60.61±9.69 3.856 .145
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were noted between HFmrEF and HFpEF on one hand, 
and HFrEF on the other (p=0.007 for level, and p=0.001 
for duration). Also, a significantly greater percentage of 
patients with HFmrEF and HFpEF achieved submaximal 
heart rate at the end of EST1 compared to HFrEF 
(p=0.049, Table 2).
After three weeks of CVR the second EST (EST2) was 
performed. Results were similar to EST1. Namely, pa-
tients with mildly reduced and preserved LVEF showed 
better strain tolerance compared to patients with re-
duced LVEF by reaching a higher strain levels and longer 
duration of EST. On the other hand, arrhythmias were 
more present in HFrEF compared to HFpEF and HFmrEF 
(Table 3). 
However, all three groups showed better strain toler-
ance at the EST2. Namely, they all reached higher strain 
level (for all three groups p=0.000) and longer duration 
of EST (for all three groups p=0.000). Also, in all three 
groups significantly higher percentage of patients 
reached submaximal heart rate at the EST2 compared 
to EST1 (p=0.001 for HFrEF, p=0.006 for HFmrEF, and 
p=0.000 for HFpEF), but only patinets with HFrEF had 
higher values of double product at the end of EST2 com-
pared to the end of EST1 (0.031). On the other hand, 
patients with HFrEF had a significantly higher rate of 

arrhythmia at the EST2 compared to patients with mild-
ly reduced and preserved LVEF (p=0.009) (Table 4). Im-
provement of physical strain level and duration of EST2 
compared with EST1 was more pronounced in patients 
with reduced (by 19,2% and 28,7%), than in patients 
with mildly reduced (by 13,9% and 17,5%) and patients 
with preserved LVEF (14,1% and 16,8%).

Discussion
A well-designed CVR includes exercise training, dietary 
advices, psychosocial support, patient education, control 
of modifiable cardiovascular and non-cardiovascular risk 
factors and adequate medication therapy8. It is known 
that personalized and well-organized CVR may lead to the 
better lipid profile, anxiety and depression reduction, 
better blood pressure control, reduction in hospitaliza-
tion and mortality rate9. These positive effects of CVR are 
shown in patients with arterial hypertension, valvular 
heart diseases, coronary artery disease, and heart failure. 
This is why all recent and relevant Guidelines advice CVR 
in secondary prevention of cardiovascular diseases giving 
it a IA recommendation1,10-13. 
Interestingly, the first Guideline which emphasized the 
importance of CVR in secondary cardiovascular 

Table 2. The first exercise stress test (EST1)

EF 
≤40%

Groups
Total χ2 p

41%-49% ≥50%

Level  1.98±0.86 2.3±0.91 2.34±0.99 2.29±0.96 10.066 .007
Duration (min)  4.32±2.43 5.42±2.48 5.52±2.69 5.37±2.63 15.086 .001
DP before  9704.29±2030.22 10113.58±5310.56 9926.81±6664.13 9959.73±5955.86 2.620 .270
DP after  19109.35±4272.01 22233.87±13138.37 21681.51±4005.08 21584.67±7960.08 24.689 .000
SHR achieved 
n (%)

No 47 (55.95%) 103 (41.87%) 209 (41.97%) 359 (43.36%)
6.039 .049

Yes 37 (44.05%) 143 (58.13%) 289 (58.03%) 469 (56.64%)
Arrhythmia n 
(%)

No 51 (89.47%) 143 (89.38%) 308 (91.12%) 502 (90.45%)
.455 .797

Yes 6 (10.53%) 17 (10.63%) 30 (8.88%) 53 (9.55%)

Ischemic 
changes n (%)

No 80 (95.24%) 219 (89.39%) 434 (87.15%) 733 (88.63%)
4.865 .088

Yes 4 (4.76%) 26 (10.61%) 64 (12.85%) 94 (11.37%)

DP – double product; SHR – submaximal heart rate.

Table 3. The second exercise stress test (EST2)

 EF
≤40%

Groups
Total χ2 P41%-49% ≥50%

Level  2.36±0.82 2.62±0.99 2.67±0.96 2.62±0.96 8.427 .015

Duration (min)  5.56±2.28 6.35±2.78 6.45±2.74 6.33±2.72 8.055 .018
DP before  9409.94±2122.07 9717.66±1804.27 9641.4±2091.13 9640.57±2012.82 1.713 .425
DP after  20112.86±3554.76 21835.98±3807.56 21929.65±3690.82 21717.51±3747.32 16.521 .000

SHR achieved 
n (%)

No 31 (36.9%) 83 (33.74%) 153 (30.72%) 267 (32.25%) 1.615 0.446
Yes 53 (63.1%) 163 (66.26%) 345 (69.28%) 561 (67.75%)

Arrhythmia n 
(%)

No 47 (81.03%) 140 (86.42%) 310 (92.54%) 497 (89.55%)
9.385 .009

Yes 11 (18.97%) 22 (13.58%) 25 (7.46%) 58 (10.45%)
Ischemic 
changes n (%)

No 77 (91.67%) 213 (86.59%) 427 (85.74%) 717 (86.59%)
2.173 .337

Yes 7 (8.33%) 33 (13.41%) 71 (14.26%) 111 (13.41%)

DP – double product; SHR – submaximal heart rate.
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prevention was the one about the diagnosis and treat-
ment of chronic heart failure back in 200814. Cardiac re-
habilitation is of tremendous importance in HF patients 
as it may improve the quality of life, functional capacity 
and cardiac function. These beneficial effects are recog-
nized in center-based, home-based and hybrid (short 
term center-based and then home-based) cardiac reha-
bilitation15. It seems that high-intensity interval training 
in HF leads to better exercise capacity. A meta-analysis 
which included 24 studies with CAD, HFrEF or HFpEF pa-
tients showed a significantly greater improvement in 
VO2 peak after high-intensity exercise compared to mod-
erate-intensity continuous training (by 1.40 mL/min/kg; 
95% confidence interval (CI) 0.69–2.11; P ≤0.001)16. How-
ever, in the SMARTEX-HF study which included 261 NYHA 
II-III HFrEF patients, high-intensity training wasn’t supe-
rior to moderate-intensity continuous training17. Never-
theless, both types of exercise training did lead to better 
strain tolerance in HF patients.
Although beneficial effect of CVR are well-known, pa-
tients with HF seldom attend cardiac rehabilitation pro-
grams. Even in HF-ACTION (Heart Failure: A Controlled 
Trial Investigating Outcomes of Exercise Training) trial, 
which was the largest trial of CVR in patients with HFrEF, 
the long-term adherence was below 30% (18). There are 
many factors that led to these disappointing results. 
One of the most important was physician inertia (9). 
There is no doubt that stronger physician endorsement 
can significantly increase the participation of HF pa-
tients in CVR programs.
Both, HFrEF and HFpEF, are characterized by reduced 
physical tolerance and chronic fatigue. HFpEF patients 
suffer from exercise intolerance due to vascular, skeletal 
muscle, and cardiac abnormalities19. A personalized 
moderate to high-intensity training in these patients can 
increase VO2 peak, quality of life and exercise stress tol-
erance19. Many studies have shown the beneficial ef-
fects of well-designed CVR on physical strain tolerance 
in patients with HFpEF and HFrEF. These positive effects 
CVR was shown regardless of age, sex, comorbidities, 

and frailty20. However, there is no study which investi-
gated the effects of CVR on patients with HFmrEF.
In our study, CAD patients with HFpEF had the best strain 
tolerance on the first and on the second EST. The worst 
exercise strain tolerance was noted in CAD patients with 
HFrEF. These findings were somewhat expected. How-
ever, in our study all three classes of HF showed a signifi-
cant improvement of exercise stress tolerance after fin-
ishing a three-week rehabilitation program. Moreover, 
the greatest improvement was noted in CAD patients 
with HFrEF. These results, once again, emphasize the im-
portance of CVR in patients with HF.

Conclusion 
Results indicate that cardiovascular rehabilitation sig-
nificantly improves physical strain tolerance in patients 
with coronary artery diseases independent of ejection 
fraction. In patients with HFmrEF and patients with HF-
pEF cardiovascular rehabilitation resulted in higher level 
of strain tolerance than in patients with HFrEF. However, 
improvement in exercise capacity was more pronounced 
in patients with HFrEF.
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Sažetak
Efekti kardiovaskularne rehabilitacije kod pacijenata sa smanjenom , blago 
smanjenom I očuvanom ejekcionom frakcijom – da li je korist ista za sve?
Milovan Stojanović1,2, Marina Deljanin Ilić Marina1,2, Stevan Ilić3
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Uvod. Koronarna arterijska bolest (KAB) je vodeći uzrok srčane insuficijencije (SI). Pozitivni efekti kardiovaskularne 
rehabilitacije (KVR) kod pacijenata sa KAB su dobro poznati, ali je nepoznato da li zavise od ejekcione frakcije (EF).  
Cilj ovog rada je biod a se   ispita da li bolesnici sa KAB i redukovanom, blago redukovanom i očuvanom EF imaju 
jednaku korist od KVR u smislu tolerancije napora. 
Metode. 828 pacijenata sa KB je pohađalo tronedeljni program KVR. Pre započinjanja KVR svi pacijenti su podvrg-
nuti ehokardiografskom pregledu nakon čega su bolesnici podeljeni u tri grupe: srčana insuficijencija sa smanjenom 
(engl. HFrEF≤40%), blago smanjenom (engl. HFmrEF 41-49%) i očuvanom EF (engl. HFpEF≥50%). Na početku i na 
kraju KVR urađen je test fizičkim opterećenjem (TFO).  
Rezultati. Bilo je 84 HFrEF (10,14%), 246 HFmrEF (29,71%) i 498 HFpEF (60,15%). Na prvom TFO (TFO1) i na drugom 
TFO (TFO2) HFpEF i HFmrEF pacijenti su pokazali bolju toleranciju fizičkog napora u poređenju sa bolesnicima sa 
HFrEF dostizanjem viših nivoa opterećanja i dužim trajanjem TFO. Međutim, sve tri grupe su pokazale bolju toler-
anciju napora na TFO2. Naime, svi su dostigli viši nivo opterećenja (za sve tri grupe p=0,000) i duže trajanje TFO2 
(za sve tri grupe p=0,000). Takođe, u sve tri grupe značajno veći procenat pacijenata je dostigao submaksimalnu 
srčanu frekvencu na TFO2 u odnosu na TFO1 (p=0,001 za HFrEF, p=0,006 za HFmrEF i p=0,000 za HFpEF). Bolesnici 
sa HFrEF su imali češće aritmije na TFO2 u poređenju sa bolesnicima sa HFmrEF i HFpEF (p=0,009).
Zaključak. Rezultati pokazuju da je KVR značajno poboljšala toleranciju fizičkog napora kod pacijenata sa oboljen-
jem koronarnih arterija nezavisno od ejekcione frakcije. Kod pacijenata sa HFmrEF i HFpEF KVR je doprinela višem 
nivu tolerancije napora u poređenju sa HFrEF bolesnicima. Međutim, sveukupno poboljšanje tolerancije napora 
bilo je izraženije kod pacijenata sa HFrEF.

Ključne reči: koronarna bolest, srčana slabost, kardiovaskularna rehabilitacija
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Introduction. Spontaneous coronary artery dissection (SCAD) represents a dissection that occurred 
without atherosclerosis, trauma or has not developed iatrogenically. The true prevalence of SDKA 
is unknown, as they are often unrecognized. It most often occurs in young women, who do not 
have the classic risk factors for the development of cardiovascular diseases. In only 10% of cases, 
it occurs in men after physical exertion.
Case report. A 35-year-old man was admitted to the emergency department due to an acute 
myocardial infarction with ST elevation. Urgent coronarography was performed and the SCAD, 
type I of the first marginal branch (OM), was registered. During primary percutaneous coronary 
intervention drug-eluting stent was implanted in the OM branch, guided by optical coherence 
tomography (OCT). In the further time, the patient is without problems, hemodynamically and 
rhythmically stable. After a month, re-coronarography was performed, as well as OCT analysis of 
the first marginal branch, which registered a significant malaposition and insufficient expansion of 
the previously implanted stent in the distal segment OM. Dilatation with a non-compliant balloon 
was performed with optimal result. After OCT-guided balloon dilatation, excellent stent apposition 
and expansion, was registered. Optical medical treatment was indicated.  In the follow-up period 
after three months, the patient is without problems. 
Conslusion. Because the  SDKA are often unrecognized, careful evaluation of the angiographic 
findings and the use of intravascular imaging in unclear cases is necessary. In the following period, 
randomized controlled studies are needed to define patients who require revascularization, as 
well as those who require dual antiplatelet therapy and the length of its use.

spontaneous coronary artery dissection; acute myocardial infarction; optical coherence tomography
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Introduction

Spontaneous coronary artery dissection (SCA) is a 
dissection that is not associated with atheroscle-
rosis, trauma or iatrogenic. The true prevalence 
of SCA is unknown, as they are often unrecogni-

zed. They are considered to be the cause of 1-4% of all 
acute coronary syndromes1, 15-20% of women in the 
peripartum period2, and up to 35% of acute coronary 
syndromes in women under 60 years of age3,4. It occurs 
most often in young women, who do not have classic 
risk factors for the development of cardiovascular dise-
ases. In only 10% of cases, it occurs in men after physical 
exertion. A number of conditions are associated with 
SCA, such as fibromuscular dysplasia, chronic inflamma-
tory diseases, connective tissue disorders, and 
hypothyroidism4. Recently, several gene loci have been 
isolated that are associated with a higher risk of SCA1. In 
addition, various factors that contribute to the deve-
lopment of SCA, consumption of various drugs, emotio-
nal stress, intense exercise, Valsalva maneuver and vo-
miting have been defined.  Herewith, we shall present 

the case of a 35-year-old man in whom the cause of an 
acute ST-elevation myocardial infarction was SCA.

Case presentation
A 35-year-old patient was admitted as an emergency due 
to an acute myocardial infarction with ST elevation in the 
lateral region. Intense chest pain occurred about 5 hours 
before admission and was repeated on several occasions. 
The evening before the reception, he consumed a large 
amount of alcohol, energy drinks and tobacco. Denies 
other diseases. He cites smoking experience as a risk fac-
tor. On admission, he was hemodynamically and rhythmi-
cally stable, cardiac compensated. Dual antiplatelet ther-
apy (acetylsalicylic acid and ticagrelor) was prescribed. 
An urgent coronary angiography was performed, which 
found the first marginal branch narrowed in the medial 
segment by 50%, and then in the distal segment by 75%, 
caused by spontaneous dissection of the coronary artery, 
type 1 (Figure 1). Other coronary blood vessels are with-
out significant narrowing. For the purpose of a more de-
tailed evaluation, an optical coherence tomography 
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(OCT) was performed, which registered a dissection flap 
with an angle of about 180 degrees and a length of up to 
3 mm, MLA 1.62 mm2, stenosis 75% in the distal segment 
(Figure 2). An intramural hematoma is registered in a 
length of about 60 mm. An OCT-guided primary percuta-
neous coronary intervention was performed with the 
implantation of a drug-coated stent 28x2.5 mm (Xience 
PRO, Abbott, USA) with an optimal result of the interven-
tion (Figure 3). An OCT analysis was performed after stent 
implantation and satisfactory expansion and apposition 
of the stent was registered, without signs of “edge dissec-
tion”. An intramural hematoma was registered proximal 
and distal to the implanted stent. Echocardiographic ex-
amination shows a left ventricle of normal dimensions, 
without clear disturbances of segmental kinetics, pre-
served systolic function and without signs of diastolic 
dysfunction. After seven days, the patient was discharged 
to home treatment, without subjective complaints, he-
modynamically and rhythmically stable, cardiac compen-
sated. He was discharged with aspirin, ticagrelor, bisopro-
lol, ramipril, rosuvastatin and a proton pump inhibitor. 
After one month, recoronarography and OCT analysis of 

the first marginal branch was performed, which regis-
tered significant malaposition and insufficient expansion 
of the previously implanted stent in the distal segment. 
Dilation was performed with a 12x3.5mm non-compliant 
balloon (Apollo, BrosMed, China). After OCT-guided bal-
loon dilatation, satisfactory expansion and apposition of 
the stent was registered (Figure 4). The described mala-
position of the stent was understood as a consequence 
of the reabsorption of the intramural hematoma. Further 
medical treatment is indicated. A doppler of the carotid 
arteries and a doppler of the renal arteries were per-
formed, which registered a normal finding.
At the follow-up examination after three months, the 
patient has no subjective complaints.

Discussion
A significant increase in scientific interest in SCA arose 
after defining the aniographic classification of SDKA in 
2014 according to Saw and the consensus document of 
the European Association of Cardiologists5,6. Namely, 
type 1 represents a dissection that is angiographically 

Figure 1. Angiography presenting spontane-
ous coronary dissection type 1 of circumflex 
coronary artery (arrow)

Figure 2. Optical coherence tomography showing dissection flap 
with 180 degrees angle and 3mm in lenght

Figure 3. Angiography after stent im-
plantation in OM branch

Slika 4. Optical coherence tomography following stent implantation 
with good expansion, apposition, without tissue prolapse and signifi-
cant edge dissections



46

registered as contrast retention in the blood vessel wall 
and multiple radiolucent lumens. Type 2 is characterized 
by a long, diffuse (more than 20mm) stenosis with vary-
ing degrees of narrowing of the lumen, while type 3 
mimic atherosclerotic stenoses and are defined as focal 
or tubular stenoses (less than 20mm in length)7. The 
cause of acute myocardial infarction in our patient is 
SCA type 1. Type 3 is the rarest type of dissection that 
occurs in about 3.4% of patients, while the most com-
mon is type 2 that occurs in about 67.5% of patients7.
SCA were previously considered rare as they are often 
unrecognized on angiography. However, with the increas-
ing use of intravascular imaging, they are not uncommon. 
Optical coherence tomography is a useful tool, since in-
tramural hematoma and dissection membrane can be 
visualized due to its high resolution. On the other hand, 
one should be careful because of the possibility of exten-
sion of the dissection when applying contrast and ma-
nipulating the catheter. . The literature describes cases in 
which SCA was initially unrecognized, while SCA was 
clearly registered after intravascular imaging8.
The clinical presentation of SCA is different, but they are 
most often manifested by acute coronary syndrome. 
The most common complaint is typical chest pain (96% 
of cases). ST segment elevation is registered on the elec-
trocardiographic record in 30 to 49% of patients, while 
47 to 70% of patients present with acute myocardial 
infarction without ST elevation9,10. A very small number 
of patients present with ventricular tachycardia, cardiac 
arrest or cardiogenic shock.
Considering the small number of patients, treatment 
recommendations for these patients are primarily based 
on the opinion of experts and the results of observa-
tional studies. Conservative treatment is recommended 
in stable patients without signs of ongoing ischemia, 
given the high percentage of failure of percutaneous 
coronary intervention (PCI). In a retrospective study that 
included 189 patients with SCA, a procedural complica-
tion was noted in 53% of patients treated with PCI (11). 
The reasons for failure were the passage of the wire 
through the false lumen, loss of flow under the implant-
ed stent, and remaining residual stenosis. PCI is associ-
ated with a significantly higher percentage of patients 
undergoing urgent surgical revascularization (12%) com-
pared to those treated conservatively (2%). Surgical 
myocardial revascularization is reserved for patients 
with CAD involving the main trunk, those with ongoing 
ischemia, life-threatening arrhythmias, and hemody-
namically unstable patients.
In terms of medication, in patients who have been treat-
ed with PCI, it is recommended to use dual antiplatelet 
therapy for up to 12 months, as in the case of acute 
coronary syndrome of another etiology. In a cohort of 
64 patients with CAD, 59 (92%) received dual antiplate-
let therapy (Aspirin plus one antiplatelet drug: Clopido-
grel, Prasugrel, or Ticagrelor)12. Out of 40 patients who 
underwent recoronarography, healing of the dissection 
was noted in all but one. In patients who have not been 

treated with a PCI, the addition of another antiplatelet 
drug is controversial.
Long-term follow-up of these patients aims to perform 
screening for early detection of fibromuscular dysplasia, 
prevent recurrent events, and perform cardiac 
rehabilitation.
Fibromuscular dysplasia is an idiopathic arteriopathy 
that is often associated with CAD, with a prevalence of 
25% to 86%13. Renal, carotid and vertebral arteries are 
most often affected. In our patient, the renal and carotid 
arteries doppler showed a normal finding.
A retrospective study in which 189 patients were in-
cluded is reported in the literature and recurrent SDKA 
was registered in 27% of patients. During the follow-up 
period of three months, our patient has no subjective 
complaints.
In the following period, randomized controlled studies 
are necessary to define patients who need revascular-
ization, as well as those who need dual antiplatelet 
therapy and the duration of its administration.
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Uvod. Spontana disekcija koronarne arterije (SDKA) predstavlja disekciju koja nije povezana sa aterosklerozom, 
traumom niti je nastala jatrogeno. Prava prevalenca SDKA je nepoznata, obzirom da su često neprepoznate.  
Najčešće se javlja kod mladih žena, koje nemaju klasične faktore rizika za razvoj  kardiovaskularnih bolesti. U samo 
10% slučajeva se javlja kod muškaraca nakon fizičkog napora.
Prikaz slučaja. Muškarac dobi 35 godina je primljen kao hitan zbog akutnog infarkta miokarda sa ST elevacijom. 
Urađena je urgentna koronarografija kojom se nađe SDKA, tip I prve marginalne grane(OM). Urađena je primarna 
perkutana koronarna intervencija sa implanitacijom lekom obloženog stenta u OM granu vođena optičkom koher-
entnom tomografijom (OCT). U daljem toku bolesnik je bez tegoba, hemodinamski i ritmički stabilan. Nakon mesec 
dana je urađena rekoronarografija, i OCT analiza kojom prve marginalne grane kojom se registruje signifikantna 
malapozicija i nedovoljna ekspanzija ranije implantiranog stenta u distalnom segmentu. Urađena je dilatacija 
nekomplijantnim balonom, sa optimalnim rezultatom. Nakon OCT-om vođene balon dilatacije registruje se 
zadovoljavajuća ekspanzija i apozicija stenta. Indikovan je dalji medikamentni tretman. U periodu praćenja nakon 
tri meseca bolesnik je bez tegoba. 
Zaključak. Imajući u vidu da su SDKA često neprepoznate, neophodna je pažljiva evaluacija angiografskog nalaza 
i upotreba intravaskularnog imidžinga u nejasnim slučajevima. U narednom periodu su neophodne randomizovane 
kontrolisane studije za definisanje pacijenata kod kojih je neophodna revaskularizacija, kao  i onih kojima je neo-
phodna  dvojna antiagregaciona terapija  i kao I dužina primene iste.

Ključne reči: spontana disekcija koronarne arterije, akutni infarct miokarda, optička koherentna tomografija
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Balloon-expanding TAVI system 
Sapien System (Edwards)

This model is made of bovine pericardium. It is a 
trivelar aortic prosthesis and a prototype of a 
transcatheter aortic valve, which was used for 
the first time in humans, in 2002. The pericardi-

um, from which the valve is made, was treated with a 
special procedure that prevents calcification, and the 
stent is covered with a sheath made of polyethylene te-
rephthalate (PET ). The valve of the newer generation 
Sapien Ultra contains a modified, thicker cover. The 
catheter of this valve is easily bendable, so it is easy to 
pass through the aortic arch. Sapien is currently the only 
TAVI system that has the possibility of anterograde and 
retrograde implantation, so it is also the only system for 
transapical access (TA - TAVI). The system includes con-
duits with an internal diameter of 14-16 francs and thus 
enables therapy in patients with blood vessels with a 
small or sclerotic lumen. Thanks to the high radial power 
of this balloon-expanding system, it is possible to treat 
aortic stenosis with very severe calcifications. The ad-
vantage is also the low height of the sheath, which lies 
intra-annular, which enables good accessibility to the 
coronary arteries. This must be taken into account in 
patients with coronary heart disease and in possibly yo-
unger patients. Also, further medical-technological de-

velopment implies in the future the application of the 
so-called VALVE’s VALVE strategy, which would be sim-
pler with this type of valve than with supraannular TAVI 
systems, which will be discussed in the following text. 
Severe calcifications in the outflow tract of the left ven-
tricle or a narrow outflow tract represent an obstacle in 
the application of the Sapien system. In that case, su-
bannular perforation or annulus rupture can occur, 
which in both cases could be fatal for the patient. The 
PARTNER study is certainly well known in the world of 
cardio medicine and as such deserves a specially written 
review/special article.

Self-expanding TAVI system 
CoreValve (Evolut R/Pro)
Medtronic models of self-expanding TAVI systems (Evo-
lut R/Pro) are made from porcine pericardium. The 
trivelar valve is attached to a nitinol sheath, the distal 
end of which extends to the sinotubular junction of the 
aorta. The newer generation of Evolut Pro differs from 
the previous one, because it is reinforced with pericar-
dium on the proximal part, which would prevent the risk 
of paravalvular leakage (leakage). The guide has an in-
ternal diameter of 16 French. The ducts are flexible, 
which allows access to smaller and calcified blood ves-
sels. The main characteristic of these prostheses is the 

The treatment of severe, symptomatic, aortic stenosis has changed in recent years. A medical-
technological breakthrough was presented by the development of the TAVI (transcatheter aortic 
valve implantation) concept. Namely, earlier therapy included conventional, surgical replacement 
of the aortic valve on the one hand and, on the other hand, conservative, relatively effective balloon 
valvuloplasty in high-risk patients. Today, it is possible to help once inoperable patients as well as 
high-risk patients with transcatheter aortic valve implantation. Thanks to the recent development 
of medicine and technology, there are more TAVI systems available. Taking into account the con-
ventional and medicinal therapeutic approach, the decision on the method of treatment can best 
be carried out by the HEART team (cardiologist, cardiac surgeon, radiologist, anesthesiologist). By 
carefully considering the anatomical and clinical characteristics of each individual patient, we can 
decide which type of aortic prosthesis provides the patient with the maximum therapeutic 
benefit.
In the following text, the basic characteristics of the TAVI system, which, in accordance with the 
clinical results, are most often applied, as well as the characteristics of patients in whom TAVI is 
already indicated, will be listed.

aortic stenosis, TAVI

Abstract

Key words 
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possibility of repositioning, which enables their precise 
placement. The supraannular position of the valve gives 
it an advantage in asymmetric, heavily calcified annuli, 
as well as in bicuspid valves where the calcification ex-
tends all the way to the left ventricular outflow tract. A 
properly placed prosthesis implies free ostiums of the 
coronary arteries. In clinical practice, the incidence of 
Trivelar bovine valve, with a long nitinol stent. This self-
expanding prosthesis is characterized by small diameter 
guides (14 French), which enables its retrograde appli-
cation in more complex anatomies. The intraannular 
position and structure of the valve enables good access 
to the coronary arteries, which should be taken into ac-
count in younger patients. Disadvantages are the high 
postoperative incidence of pacemaker implantation 
(19%), as well as the more frequent occurrence of para-
valvular leakage. The multicenter PORTICO 1 study con-
firmed a high rate of pacemaker implantation after one 
year of patient follow-up.postoperative AV block is more 
frequent than in other TAVI models, so pacemaker im-
plantation is unfortunately unavoidable in 10-15% of 
cases. In addition to the Sapien Edwards prosthesis 
mentioned above, the Evolut TAVI system offers through 
the Ewolut - Low - Risk - Trial a really good record of data 
on the application of this valve.

Acurate Neo (Boston Scientific, 
Marlborough, MA, USA)
Acurate Neo is a self-expanding prosthesis made from 
porcine pericardium. This model is characterized by its 
crown-like appearance. Namely, the valve consists of 
two “crowns” of nitinol ring. The position of the valve is 
supraannular, which reduces the transvalvular gradient 
and makes the system suitable for small annuluses. Fur-
thermore, due to the low radial strength of the stent, 
the prosthesis is primarily indicated for stenoses that 
are medium and symmetrical. In case of bicuspid, asym-
metric and narrow stenoses, this valve is not recom-
mended. Postoperatively, the incidence of AV block is 
lower compared to other TAVI systems (supraannular 
position). SCOPE I is a randomized study comparing the 
intraannular Sapien 3 prosthesis and the supraannular 
Acurate Neo system.

Allegra (NVT, Hechingen, Germany)
Allegra is a self-expanding, supraannular prosthesis with 
a short nitinol stent. The trivelar valve is made from bo-
vine pericardium. Implantation is planned retrograde, but 
application through the subclavian/axillary artery (TAX 
TAVI) is possible. So far, it has shown good results in 
VALVE in VALVE procedures, especially with biological 
prostheses of smaller diameter. Also, implantation of 
pacemakers is lower than with the others. The Nautilus 
- Pilot - Study is a small prospective study that included 
27 high-risk patients. In them, the procedure was suc-
cessfully performed in 96% with a transfemoral approach, 
with an incidence of pacemaker implantation of 8%.

Portico (Abbott, Chicago, USA)
Trivelar bovine valve, with a long nitinol stent. This self-
expanding prosthesis is characterized by small diameter 
guides (14 French), which enables its retrograde appli-
cation in more complex anatomies. The intraannular 
position and structure of the valve enables good access 
to the coronary arteries, which should be taken into ac-
count in younger patients. Disadvantages are the high 
postoperative incidence of pacemaker implantation 
(19%), as well as the more frequent occurrence of para-
valvular leakage. The multicenter PORTICO 1 study con-
firmed a high rate of pacemaker implantation after one 
year of patient follow-up.

Clinical/anatomical characteristics of 
patients
For the precise performance of the operation and the 
prevention of periprocedural complications (more on 
that in one of the following texts), it is very important to 
properly perform diagnostics using well-established al-
gorithms. Planning includes echocardiography, coronary 
angiography, CT scanner and, of course, evaluation by 
the HEART team.
Echocardiography is the basic non-invasive method for 
diagnosing aortic stenosis. It confirms the very existence 
of the disease, enables the visualization of the morphol-
ogy of the valve, then the assessment of the condition 
of the outflow tract of the left ventricle and the 

Features of TAVI in relation to anatomic characteristics of the patient

Especially well suited Moderate suited Less suited

Horisontally positioned aorta ACURATE neo Sapien Evolut, Portico
Calcium in LV outflow tract, bicuspid 
valve, asymetric calcifications

- Sapien, Evolut Portico, ALLEGRA, 
ACURATE neo

Small aortic root Evolut, ACURATE neo Portico, ALLEGRA Sapien

Possible intervention on coronary 
arteries

Sapien, ACURATE neo - Evolut, ALLEGRA

Valve in Valve Evolut, ALLEGRA Portico Sapien 3
Aortic regurgitation without calcium ACURETE neo Sapien 3, Evolut -

Difficult transfemoral access Evolut Sapien, Portico, ALLEGRA, 
ACURATE neo

-
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native valve. The height of the orifice of the coronary 
arteries and their position (with bicuspid valves there 
are anatomical variations), as well as the height of the 
sinus of Valsalva, represent a diagnostic imperative. 
Coronary angiography is also a therapeutic procedure, 
because there is no doubt that the TAVI trend is increas-
ingly applied to younger patients. In this regard, the 
technology in the hybrid halls will certainly enable the 
appearance of new catheters (guides) which, depending 
on the TAVI model, will be selectively applied. Assess-
ment of the size of the aortic root and the ascending 
aorta belongs to the routine examination.
CT has a very important role in periprocedural planning. 
The scanner with contrast enables selection of access 
and visualization of the geometry/dimensions of the 
valve and aortic root. The approach can be transfemo-
ral, transapical, transaxillary (subclavian), transaortic. 
The approach itself and its selection represent a very 
complex topic that requires a separate article, so only a 
few basic features will be listed here. Transfemoral is the 
most frequently applied and involves the inner diameter 
of the blood vessel a. Femoralis/ Iliacae of at least 5.5 
mm. The transapical approach is an alternative and is 
used in patients with marked atherosclerosis in the 
femoral/iliac blood vessels in whom the transfemoral 
approach is contraindicated, as well as in the case of 
kinking of the blood vessels of the pelvis. TAVI implanta-
tion through the subclavian artery is a very elegant 
method that can only be used in centers of high exper-
tise. The transaortic approach is a rarity and does not 
represent a daily standard in hybrid interventions. By 
measuring the size of the aortic annulus, we obtain data 
on the size of the diameter of the prosthesis. This radio-
logical method also accurately determines the height 
between the coronary ostium and the annulus, as well 
as the calcifications that extend into the outflow tract 
of the left ventricle (most often on the front cusp of the 
miral valve).
The role of the HEART team in the treatment of this 
valvular disease is the basis and all diagnostic methods 
would not be useful if there was not a team of doctors 
who look at the entire clinical picture of a patient in 
whom TAVI per se is already indicated. Namely, in addi-
tion to scores that make it easier for us to set an opera-
tive indication, there are other conditions that provide 
information about the patient. The table will list certain 

general, anatomical and clinical characteristics as auxil-
iary guidelines in operative therapy.

Conclusion
Cardio - medicine today has several TAVI systems avail-
able in the treatment of aortic stenosis. The basic charac-
teristics of modern models are listed in the text. The ap-
proach to the treatment of aortic stenosis requires the 
expertise of the entire team of doctors. Considering the 
well-known growth trend of this procedure and the 
emergence of an increasing number of centers, careful 
selection of patients is of primary importance. Absolute 
commitment to its performance is imperative in order to 
maintain procedural results and thereby prevent uncon-
trolled commercialization of this technique. Good knowl-
edge of the patient himself and the possibilities available 
to us oblige us to know the differences between TAVI 
“providers”. Today’s systems differ in the postoperative 
incidence of pacemaker implantation, paravalvular dis-
ease (PVL) as well as the implantation approach depend-
ing on the anatomy of the patient and the characteristics 
of the prosthesis itself, further, eventual intervention on 
coronary blood vessels, hemodynamics, etc. There are 
currently no studies covering these complex issues, so 
valve selection remains subjective and should therefore 
always be considered by an interdisciplinary TAVI team.
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The role of the HEART tieam in evaluation of pateints with aortic stenosis

Patients clinical characteristics Anatomzcal and technical aspects Co-morbidities

Frailty Porcelan aorta Disease of other valves  (no 
improvement following treatmen of 

aortic stenosi)
Deformity of the chest or radiation Neadekvatna velicina aortnog anulusa 

( < 18 mm, > 29 mm )
Thromb in left ventricle

Cirosis  hepatis Presence of aneurism or thrombus in 
aorta

Endocarditis

Previous cardiac surgery Increased risk of the obstruction of 
coronary ostia

Decreased ejection fraction

Social aspects (activity, family 
circumstances, need for a special care…)

Existance of asyemtric calcium, 
bicuspid valve

Hipertrophy of the septum
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Sažetak
Individualni pristup terapiji aortne stenoze pomocu savremenih TAVI proteza
Nikola Zarić
Schüchtermann Klinik, Bad Rothenfelde, Nemačka

Terapija teške, simtomatske, aortne stenoze se proteklih godina promenila. Medicinsko - tehnološki pomak se 
predstavio razvojem TAVI (transcatheter aortic valve implantation) koncepta. Naime, ranija terapija je podra-
zumevala konvencionalnu, hiruršku zamenu aortne valvule sa jedne i sa druge strane konzervativnu, relativno 
efikasnu balon-valvuloplastiku kod pacijenata sa visokim rizikom. Danas postoji mogućnost da nekada inoperabil-
nim pacijentima  kao i pacijentima visokog rizika možemo pomoći transkateterskom implantacijom aortnog zaliska. 
Zahvaljujući uporedom razvoju medicine i tehnologije , postoji više TAVI sistema na raspolaganju. Uzimajuci u obzir 
konvecionalni i medikamentozni terapijski pristup, odluka o načinju lečenja najbolje može biti sprovedena od strane 
HEART tima (kardiolog, kardiohirurg, radiolog, anesteziolog). Pažljivo razmatrajući anatomske i kliničke karakter-
istike svakog pacijenta ponaosob, možemo odlučiti koji tip aortne proteze omogućava pacijentu maksimalni tera-
pijski benefit.
U daljem tekstu ce biti navedene  osnovne karakteristike  TAVI sistema koji se, u skladu sa kliničkim rezultatima 
najčešće  primenjuju, kao i  osobine pacijenata u kojih je TAVI već indikovan. 
Ključne reči: aortna stenoza, TAVI
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Introduction 

The era of development of interventional cardio-
logy, which in addition to diagnostics involves 
therapeutic, percutaneous procedures on the 
heart and coronary arteries in the world, begins 

with the successful performance of the first balloon an-
gioplasty by Andreas Gruntzing in Zurich on September 
16, 19771. Then percutaneous coronary balloon angio-
plasty was performed on an isolated lesion of the proxi-
mal LAD in a 38-year-old man with symptoms of stable 

coronary artery disease1. It is interesting that this pati-
ent was asymptomatic for the next 23 years and that 
when the symptoms reappeared in 2001, recoronaro-
graphy was performed, which revealed that the previo-
usly treated coronary artery was patent2. However, ini-
tially the procedure itself was accompanied by frequent 
complications: 5-10% of patients had early stent throm-
bosis due to elastic recoil of the blood vessel, and up to 
30% had clinically significant restenosis after 6 months 
of follow-up. With the later appearance of bare metal 
stents (FDA approved in 1987) and then drug-eluting 
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E-mail: milanned@hotmail.com.  

Background:  The aim of this study was to analyze the trends in catheterization laboratory proce-
dures  during COVID-19 pandemic for the 2019-2022 period. 
Methods: Presentation of results in the interventional treatment of coronary artery disease and, 
to a lesser extent, structural heart diseases procedures in Cath Labs in Serbia in the 2019-2021 
period. 
Results: In 2019, in the territory of the Republic of Serbia, interventional cardiology practice was car-
ried out in 17 centers (of which 10 tertiary and 7 secondary level health care centers within general 
hospitals) with a total of 28 cardiac catheterization labs. Meanwhile, general hospital  Novi Pazar and 
Cuprija cath lab also started to work, so that there are currently 19 state owned centers in the terri-
tory of the Republic of Serbia where interventional cardiology procedures are carried out.
In 2019, a total of 47,522 procedures were performed in all Cath Labs, of which: 30,884 coronary 
angiographies, 16,658 PCI procedures, 1,601 emergency (without STEMI) procedures, 5,345 pri-
mary PCI procedures with 24,879 stents implanted, as well as 26 TAVR procedures and 68 percuta-
neous ASD closure procedures. A total of 96 specialist doctors worked in these labs, along with 38 
fellows in training. During 2020, there were a total of 31,052 procedures in all Cath Labs, of which: 
19,260 coronary angiographies, 11,792 PCI procedures, 1,299 emergency PCI (without STEMI), 4,807 
primary PCI procedures, and 17,499 stents implanted, plus 10 TAVR procedures and 54 percutane-
ous ASD closures. 109 specialist doctors and 28 fellows in training worked in all labs. In 2021, a total 
of 37,042 procedures were performed in all labs, including: 24,055 coronary angiographies, 12,987 
PCI procedures, 2,248 emergency (without STEMI) PCI procedures, and 5,006 primary PCIs, plus 23 
TAVR procedures and 59 percutaneous ASD closures. 110 specialist doctors and 28 fellows in train-
ing worked in all labs. In the first 9 months of 2022, a total of 155 TAVR procedures were performed, 
of which 122 were performed at the ICVD “Dedinje”, 17 at the ICVD “Vojvodina” and 16 at the 
University Clinical Center of Serbia. 
Conclusion: The work results in the field of interventional cardiology in Serbia are comparable to 
European countries, in many segments even with the most economically developed among them. 
A significant drop in the number of procedures performed in 2020 at the expense of elective pro-
cedures is noted, as an unequivocal impact of the COVID19 pandemic and an increase after that 
with a tendency to return to the pre-pandemic level.

PCI, TAVR, COVID-19, STEMI network
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stents (DES), which were first FDA approved in 2003, 
there was a significant reduction in the rate of stent 
thrombosis and restenosis, leading to increasing num-
ber of procedures performed all over the world3. The 
first coronary balloon angioplasty in Serbia was perfor-
med in December 1981 at IKVD “Dedinje”, and in the 
decades that followed, these procedures became wide-
spread and new Cath Labs started to work in all regions 
of Serbia. The procedure of transcatheter implantation 
of a biological aortic valve (TAVR) was first performed in 
the world by Alan Cribier in Rouen on April 16, 20034, 
and since 2014, this procedure has been successfully 
performed in Serbia, and the first case series were pu-
blished in Vojnosanitetski pregled in 20145. The aim of 
this study was to analyze Cath Lab procedure trends in 
Serbia in the period of 2019-2022, during COVID-19 
pandemic.

Methods
We presented the results of the invasive/interventional 
treatment of coronary artery disease and, to a lesser 
extent, structural heart diseases in the Cath Labs in Ser-
bia in the period of  2019-2022. The presented data are 
indexed according to the size of the gravitating popula-
tion and compared with the number and structure of 
procedures done in European countries.

Results
In 2019, on the territory of the Republic of Serbia, inter-
ventional cardiology practice was carried out in 17 cen-
ters (of which 10 tertiary and 7 secondary level within 
general hospitals) with a total of 28 cardiac catheteriza-
tion labs. In the following 2020, the practice took place 
in 17 centers (10 tertiary and 7 secondary level health 
care), with the difference that in this calendar year, for 
technical reasons, there was no work in the General 
hospital of Čačak, and unlike the previous year, the prac-
tice was carried out in General hospital of Leskovac. In 
2021, the practice was carried out in all 18 available 
centers in the state owned health care system along 
with one hospital from the private health sector (Achi 
Badem - Bellmedic). Meanwhile, the General hospital of 
Novi Pazar and Cuprija Cath Lab also started working, so 
there are currently 22 centers in the territory of the Re-
public of Serbia where interventional cardiology proce-
dures are performed (19 state owned and 3 private).
In 2019, a total of 47,522 procedures were performed 
in all Cath Labs, of which: 30,884 coronary angiogra-
phies, 16,658 PCI procedures, 1,601 emergency (with-
out STEMI) procedures, 5,345 primary PCI procedures 
with 24,879 implanted stents, as well as 26 TAVR proce-
dures and 68 percutaneous ASD closure procedures. A 
total of 96 specialist doctors worked in all labs, along 
with 38 fellows in training.
During 2020, there were a total of 31,052 procedures in 
all cath labs done, of which: 19,260 coronary angiogra-
phies, 11,792 PCI procedures, 1,299 emergency PCI 
(without STEMI), 4,807 primary PCI procedures, and 
17,499 stents were used, plus 10 TAVI procedures and 54 

percutaneous ASD closures were performed. 109 special-
ist doctors and 28 fellows in training worked in all labs.
In 2021, a total of 37,042 procedures were performed 
in all labs, including: 24,055 coronary angiographies, 
12,987 PCI procedures, 2,248 emergency (without STE-
MI) PCI procedures, and 5,006 primary PCIs, plus 23 
TAVI procedures and 59 percutaneous ASD closures 
were performed. 110 specialist doctors and 28 fellows 
in training worked in all labs.
In the first 9 months of 2022, a total of 155 TAVR proce-
dures were performed, of which 122 at the IKVD “Dedin-
je”, 17 at the IKVD “Vojvodine” and 16 at the University 
Clinical Center of Serbia.

Discussion
Data review on Cath Lab network in the Republic of Ser-
bia shows a clear tendency to start  new ones while con-
tinuing the work of existing centers. A look at the data 
shows that in 2020 there were 34.7% total procedures 
less, 29.2% fewer PCI procedures, 10.1% fewer primary 
PCI procedures, and 29.7% fewer stents implanted. This 
is a clear consequence of the COVID-19 pandemic out-
break, which led to a reduction in the number, espe-
cially of the elective procedures in the cath labs. The fact 
that the smallest reduction was in terms of primary PCI 
procedures indicates that, even in pandemic enviore-
ment, the most severe patients with STEMI were opti-
mally treated using mechanical reperfusion therapy in 
vast majority of cases. In the following 2021, fewer pro-
cedures were also recorded than in 2019: 22.1% fewer 
total procedures, 22.1% fewer coronary angiographies, 
22% fewer PCI procedures and only 6.3% fewer primary 
PCIs. However, in 2021, there is a clear trend toward 
increase in the number of all procedures based on the 
year most affected by the COVID-19 pandemic and indi-
cates a reorganization of the health system. The reduc-
tion in the procedural volume in the Cath Labs during 
the 2020 pandemic was a global phenomenon. Euro-
pean Association for Percutaneous Coronary Interven-
tions organized the research through web questionnaire 
on the 1-15 of April 2020 period among its members, 
and found that 27% of responders admitted reduced 
number of coronary angiography/pPCI in STEMI pa-
tients, and 10% completely stopped performing inter-
ventions in STEMI patients. When it comes to NSTEMI, 
38% reduced and 9% stopped work; in chronic coronary 
syndrome, 89% reduced and 51% of participants com-
pletely stopped working in the cath lab. As many as 48% 
of responders indicated that there was a delay in reper-
fusion time in STEMI patients, and 28% indicated that 
there was an increase in the number of patients with 
mechanical complications of myocardial infarction and 
cardiogenic shock, 22% indicated that there was an ap-
plication of fibrinolytic therapy from logistic reasons 
dictated by the pandemic6.
In order to assess the current state of interventional car-
diology procedures in Serbia, the absolute number of 
interventions performed annually is best translated into 
a rate per million population. In 2020, the European As-
sociation for Interventional Cardiology published Atlas 
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Project - Mapping of Interventional Cardiology7, a survey 
conducted at the level of 16 associations’ member states 
with the data for 2016. We compared these data with 
the rates of procedures performed in our country for the 
(pre-pandemic) 2019 - in the year of 2019, there were 
2.45 hospitals with Cath Lab per million population in 
Serbia. In the aforementioned survey, the average was 
3.44 cath Labs/million population; going from 1 in Egypt 
to 4.9 in Greece. The total number of Cath Labs ranged 
from 1 in Egypt to 11.8/million in Germany, an average 
of 5/million inhabitants (in Serbia 4.03/million inhabit-
ants). In Serbia, there are 1.58 hospitals with Cath Labs 
working 24/7 per million population, which is on average 
seen in the research (from 0.2 in Egypt to over 4 in Po-
land and Belgium; average 2/million population). In the 
countries covered by the survey, there were an average 
of 16.7/million population of interventional cardiolo-
gists; from 4.3 in Romania to 53.3 in Germany (13.8 in 
Serbia). 5 131/ million diagnostic coronary angiograms 
were performed; from 2,500 in Egypt to over 7,000 in 
Turkey and Germany (in Serbia 4,45/million people). On 
average, 2,5 PCI procedures were performed/million 
population; from under 1 in Egypt to over 3 in Switzer-
land, Poland and Germany (Serbia 2,4). Very heteroge-
neous data were obtained for primary PCI procedures - 
from 37 in Egypt to over 600/million in Slovenia, 
Germany, Netherlands and Poland. STEMI network in 
Republic of Serbia is well developed and functional 
which is indicated by the fact that in Serbia there were 
770 primary PCI procedures per million population7. This 
number represents an excellent result because the age 
standardized incidence and prevalence of cardiovascular 
diseases in Serbia is comparable to countries that gravi-
tate to the European Society of Cardiology (in Serbia 
1,273 and 6,992 compared to 1,133 and 6,595 per 
100,000 population in thes ESC region in 2017 age8.
Although the authors of the ESC Atlas project emphasize 
a good correlation between the gross national income per 
capita as a surrogate of the economic power of a country 
and the achievements in the field of interventional cardi-
ology; in the case of Serbia, the correlation is not so linear. 
With 5,700 USD per capita in 2016, it is among countries 
with a medium-high GBI, and among the countries in-
cluded in the research, it would be in the penultimate 
place, above Egypt. Nevertheless, most of the parameters 
are around or above the average values, especially the 
number of primary PCIs, which speaks of the good orga-
nization of intereventional cardiology service and the dis-
persiveness of the national STEMI network.
There are also segments in which interventional cardiol-
ogy in our country is below average of the countries of 
the ESC region. When it comes to the use of intracoro-
nary imaging in Serbia, there were 52.27/million people 
of PCI procedures guided by OCT or IVUS. In the 16 coun-
tries of the ESC region, the average was 166/million PCIs 
guided by intracoronary imaging. In 2016, there were 
48.2/million TAVR procedures in the mentioned coun-
tries, with over 100 in highly developed countries (Ger-
many, France, Denmark, Switzerland). In the same year, 
1 TAVI procedure was performed in Serbia (0.14/million 
population)7. However, the program of transcatheter 

implantation of the aortic valve in Serbia started in 2014, 
much later than in many European countries, and the 
first results were published in 2016 in Vojnosanitetski 
Pregled5. In the following years, the number increased 
so that in the first nine months of 2022, 155 of these 
procedures were performed in Serbia. If the proportional 
trend of the number of performed TAVR procedures 
were to continue until the end of the calendar year, the 
number would reach 29.76/million people per year, 
which brings our results closer to those of the ESC region. 
It can be expected that in the years to come, interven-
tional treatment of structural heart diseases in Serbia 
will be equally represented as in the member countries 
of the European Society of Cardiology.
Another issue to consider is the number of procedures 
performed in an individual center with a Cath Lab. A 
larger volume means experience in the treatment of the 
clinicaly most serious patients and improves the out-
come of the treatment9. According to the professional 
associations in Great Britain data, in the April 2019 - 
March 2018 period, there were 30% of centers with a 
Cath Lab that performed less than 400 procedures per 
year and 15.1% with less than 200 procedures10. In Ser-
bia in 2019, 29.3% of centers performed less than 400 
and 17.6% less than 200 procedures, which is compa-
rable to one highly developed European country. Due to 
the impact of the COVID-19 pandemic and the entry of 
many centers with Cath Labs to work with COVID-19 
patients in 2021, as many as 10 out of 19 hospitals with 
Cath Lab had less than 400 PCI procedures and 6 of 
them had less than 200.

Conclusion
The results of the work in the field of interventional car-
diology in Serbia are comparable to European countries, 
and in many segments with the most economically de-
veloped among them. A significant drop in the number 
of procedures performed in 2020 at the expense of elec-
tive procedures is noted, as an unequivocal impact of 
the COVID-19 pandemic and an increase after that with 
a tendency to return to the pre-pandemic levels.

References
1.  Barton M, Grüntzig J, Husmann M, Rösch J. Balloon Angioplasty 

- The Legacy of Andreas Grüntzig, M.D. (1939-1985). Front Car-
diovasc Med 2014 Dec 29;1:15

2.  Meier B. The first patient to undergo coronary angioplasty - 
23-years follow-up. NEJM 2001;344:144-145

3.  Canfield J, Totary-Jain H. 40 Years of percutaneous coronary in-
tervention: history and future directions. J Pers Med 2018; 
8(4):33.

4.  Cribier A. Development of transcatheter aortic valve implanta-
tion (TAVI): a 20-year odyssey. Arch Cardiovasc Dis 2012; 
105(3):146-152.

5.  Nedeljković MA, Beleslin B, Tešić M, et al. Perkutana implantacija 
samooslobađajuće aortne valvule kod visokorizičnih bolesnika 
sa teškom aortnom stenozom - prva iskustva u Srbiji. Vojnosani-
tetski pregled 2016;73(2), 192-197.

6.  Roffi M, Capodanno D, Windecker S, et al. EuroIntervention 
2020;16:247-250.

7.  Barbato E, Noc M, Baumbach A. Mapping interventional cardiol-
ogy in Europe: the European Association of Percutaneous 



55

Cardiovascular Interventions (EAPCI) Atlas Project, Eur Heart 
J 2020;41(27),2579–2588.

8.  Timmis A, Townsend N, Gale CP, et al.  European Society of Car-
diology: Cardiovascular Disease Statistics 2019. Eur Heart J 
2020;41(1):12–85.

9.  Saito Y, Tateishi K, Kanda M, et al. Volume-outcome relationships 
for percutaneous coronary intervention in acute myocardial in-
farction. J Am Heart Assoc 2022;11(6):e023805.

10.  National audit of percutaneous coronary intervention (NAPCI). 
2021 NAPCI Summary Report.

Sažetak
Interventna kardiologija u Srbiji za vreme COVID-19 pandemije za period  2019-2022

Milan A Nedeljković1,2, Vladimir Mitov3, Milan Nikolić3, Aleksandar Jolić3, Dragana Adamović3, Marko Dimitrijević3, 
Branko Beleslin1,2

¹Klinika za kardiologiju, Univerziteteski klinički centar Srbije, 2Medicinski fakultet, Univerzitet u Beogradu, 3Odeljenje invazivne kardiologije, 
Zdravstveni centar Zaječar 

Uvod: Cilj rada je bio analiza trenda procedura u Sali za kateterizaciju u vremem COVID-19 pandemije za vreme 
2019-2022 godina. 
Metode: Prikaz rezultata u interventnom lečenju koronarne arterijske bolesti i, u manjoj meri, strukturnih bolesti 
srca razgranate mreže angio sala u Srbiji u periodu 2019-2021. godine. 
Rezultati: U 2019. godini na teritoriji Republike Srbije interventna kardiološka praksa sprovođena je 17 centara (od 
toga 10 tercijernog i 7 sekundarnog nivoa zdravstvene zaštitite u sklopu opštih bolnica) sa ukupno 28 sala za ka-
teterizaciju srca. U međuvremenu počela je sa radom i angio sala u OB Novi Pazar i OB Ćuprija tako da aktuelno 
na tertiriji Republike Srbije postoji 19 centara u vlasništvu države u kojima se sprovode interventno kardiološke 
procedure.
U 2019. godini u svim angio sala urađeno je ukupno 47 522 procedure od toga: 30 884 koronarografije, 16 658 PCI 
procedura, 1 601 hitna (bez STEMI) procedura, 5 345 primarnih PCI procedura uz 24 879 ugraađenih stentova. 
Urađeno je 26 TAVI procedura i 68 procedura perkutanog zatvaranja ASD-a. U svim salama radilo je ukupno 96 
lekara specijalista uz 38 lekara na obuci. Tokom 2020. godine bilo je ukupno 31 052 procedure u svi angio salama 
a od toga: 19 260 koronarografija, 11 792 PCI procedure, 1 299 hitnih PCI (bez STEMI), 4 807 primarnih PCI proce-
dura i pri tome utrošeno 17 499 stentova. Urađeno je 10 TAVI procedura i 54 perkutanih zatvaranja ASD-a. U svim 
salama radilo je 109 lekara specijalista i 28 lekara na obuci. U 2021. godini urađeno je u svim salama ukupno 37 
042 procedure od toga: 24 055 koronarografija, 12 987 PCI procedura, 2 248 hitnih (bez STEMI) PCI procedura, 5 
006 primarnih PCI. Urađeno je 23 TAVI procedura i 59 perkutanih zatvaranja ASD-a. U svim salama radilo je 110 
lekara specijalista i 28 lekara na obuci.U prvih 9 meseci 2022. godine urađeno u ukupno 155 TAVI procedura od 
toga 122 na IKVB “Dedinje”, 17 na IKVB “Vojvodine” i 16 u Univerzitetskom kliničkom centru Srbije. 
Zaključak: Rezultati rada u oblasti interventne kardiologije u Srbiji uporedivi su sa zemljama Evrope, u mnogim 
segmentima sa ekonomski najrazvijenijima među njima. Beleži se značajan pad broja izvedenih procedura u 2020. 
godini na račun elektivnih procedura, kao nedvosmislen uticaj COVID’19 pandemije i porast nakon toga sa tenden-
cijom povratka na prepandemijski nivo.

Ključne reči: PCI, TAVI, COVID-19, STEMI mreža
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