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Minimally invasive thoracoscopic vs. sternotomy approach
in mitral valve surgery

Jana Cobejova, Tomas Toporcer, Peter Safar, Stefania Mizakova, Lukas Vajda,
Stefan Lukadin, Adrian Kolesar

Department of Heart Surgery, East Slovak Institute of Cardiovascular Diseases and Medical Faculty, Pavol Jozef Safarik
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ARTICLE INFO SUHRN

Article history: Uvod: V poslednych desatrociach sa popri standardnom pristupe k mitralnej chlopni pomocou dplnej stred-
Submitted: 27. 2. 2026 nej sternotdmie stava minimdlne invazivna srdcova chirurgia (MIMVS) coraz populdrnejsim chirurgickym
Accepted: 14. 3. 2026 pristupom. Cielom tejto Studie bolo retrospektivne porovnat vysledky operacii mitralnej chlopne pristupom
Available online: 5. 10. 2026 z video-asistovanej torakoskopie (VATS) a Standardnej sternotémie (ST).

Metody: Retrospektivna analyza bola vykonana na pacientoch, ktori podstupili operaciu mitralnej chlopne.
o ; Pacienti boli rozdeleni do skupiny operovanej pristupom ST a skupiny operovanej pristupom VATS. Skimané
KI.”CHOVE sl9va: o boli predoperaéné, chirurgické a pooperaéné parametre, vratane prezivania a zévaznych kardiovaskularnych
Miniinvazivna Shlrurgla prihod (MACE), ktoré zahffali mozgovu prihodu, infarkt myokardu, zavaznu arytmiu a smrt. Poopera¢-
M!tralna chlopn_a ) né echokardiografické parametre boli hodnotené na podskupinéach pacientov podstupuijucich jednotlivymi
Mltrélna} regurgitacia pristupmi vyhradne zachovnu operéciu mitralnej chlopne.
Sternotémia Vysledky: V skupine bolo 123 pacientov, z ktorych 69 bolo operovanych pristupom ST a 54 pristupom
VATS. Predoperacne bolo hlavnym rozdielom EuroScore, pricom skupina ST bola rizikovejsia (0,94 vs. 0,73
p <0,0001). Vskupine VATS prevazovala zachovné operacia (94 % vs. 55 %, p < 0,0001). Pacienti po VATS mali
dlhsi ¢as kardiopulmonalneho bypassu (CPB) a aortalnej svorky (146 vs. 91,8 min; p < 0,0001; 110 vs. 75,5 min;
p < 0,0001). Echokardiograficky neboli v podskupine mitralnych zachovnych vykonov statisticky vyznamné
rozdiely v pooperacnych tlakovych gradientoch na mitralnej chlopni ani v parametroch remodeldcie lavej
komory. Miera prezivania a MACE boli v skupinach podobné. V pooperacnom obdobi bol v ST skupine ziste-
ny vy3si vyskyt evakudcie perikardidlnej efuzie (12 vs. 0 %, p < 0,01) a podania krvnej plazmy (1,17 vs. 0,46,
p < 0,001). Sledovanie poopera¢nych komplikacii ako revizia, infekcia rany, punkcia fluidothoraxu, drenaz
pneumothoraxu, implantacia kardiostimulatora, vznik predsiefove;j fibrilacie, dlzka hospitalizacie, neurolo-
gické komplikacie, nutnost eliminacnej terapie nezaznamenalo medzi skupinami statisticky vyznamné roz-
diely.
Zaver: Udaje naznacuju, ze VATS ponuka porovnatelné chirurgické vysledky ako ST pri operaciach mitralnej
chlopne s dodato¢nymi kozmetickymi vyhodami.

© 2026, CKS.

ABSTRACT

Introduction: In recent decades, minimally invasive cardiac surgery (MIMVS) has become an increasingly
popular surgical approach alongside the standard approach to the mitral valve using complete median
sternotomy. The aim of this study was to retrospectively compare the results of mitral valve surgery using
video-assisted thoracoscopy (VATS) and standard sternotomy (ST).

Methods: A retrospective analysis was performed on patients (n = 123) who underwent mitral valve surgery.
They were divided into ST (n = 69) and VATS (n = 54) groups. Various preoperative, surgical, and postopera-
tive parameters were examined, including survival and major adverse cardiac events (MACE), which included
stroke, myocardial infarction, severe arrhythmia and death.

Results: Preoperatively, the main difference was in EuroScore, with the ST group being at higher risk (0.94 vs.

Keywords: 0.73, p <0.0001). In the VATS group, conservative surgery prevailed (94 vs. 55%, p <0.0001), while in the ST
Minimally invasive surgery group, valve replacements prevailed (45 vs. 6%, p <0.0001). Patients after VATS had longer cardiopulmonary
Mitral regurgitation bypass (CPB) and aortic clamp times (146 vs. 91.8 min; p <0.0001; 110 vs. 75.5 min; p <0.0001). Echocardio-
Mitral valve graphically, there were no statistically significant differences in postoperative pressure gradients across the
Sternotomy mitral valve or in left ventricular remodeling in the mitral valve repair (MVP) subgroup. Survival rates and

Address: MUDr. Jana Cobejova, Department of Heart Surgery, East Slovak Institute of Cardiovascular Diseases and Medical Faculty, Pavol Jozef Saférik University,
Ondavska 8, 04001 Kosice, Slovakia, e-mail: cobejovaj@gmail.com
DOI: 10.33678/c0r.2026.027

Please cite this article as: Cobejova J, Toporcer T, Safar P, et al. Minimally invasive thoracoscopic vs. sternotomy approach in mitral valve surgery. Cor Vasa 2026;68:522-527.
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MACE were similar. In the postoperative period, the ST group had a higher incidence of pericardial effusion
evacuation (12 vs. 0%, p <0.01) and blood plasma administration (1.17 vs. 0.46, p <0.001). Monitoring of
postoperative complications such as revision, wound infection, fluidothorax puncture, pneumothorax drain-
age, TKS implantation, atrial fibrillation, length of hospitalisation, neurological complications, and the need
for CVVHD did not reveal any statistically significant differences.

Conclusion: The data suggest that VATS offers comparable surgical results to ST in mitral valve surgery with

additional cosmetic advantages.

Introduction

Mitral valve diseases are one of the most common cardiac
pathologies and include two primary disorders: mitral
stenosis and mitral regurgitation. Mitral regurgitation is
the second most common valvular defect after aortic ste-
nosis requiring intervention."? The epidemiological pro-
file has changed significantly over the last decade, with
degenerative pathology coming to the fore in developed
countries ahead of rheumatic pathology, which was dom-
inant in the past.? European ESC/EACTS guidelines state
that mitral valve repair (especially when indicated early)
has a positive effect on preserving/restoring the elasticity
of the left ventricle and on ejection fraction compared to
late indication or inappropriate replacement.

The standard surgical approach in cardiac surgery is
generally median sternotomy, which allows easy access
to the heart, flexibility in myocardial protection, multiple
approaches to the mitral valve, and high-quality cardiac
ventilation. However, the invasiveness of sternotomy is
associated with a delayed return to preoperative physical
function and an increase in postoperative complications.’
In recent decades, there has been a significant progress in
the development of minimally invasive procedures in car-
diac surgery thanks to advances in surgical instruments,
telemanipulation, and perfusion technology. VATS, per-
formed through a 4 to 7 cm lateral thoracotomy, is a less
invasive alternative with comparable quality and safety
to standard sternotomy (Fig. 1).

The aim of this study was to compare the standard
sternotomy and minimally invasive approaches to the mi-
tral valve in terms of intraoperative parameters, postop-
erative complications and short-term postoperative out-
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Fig. 1 - Topographic relationship between surgical access and the
anatomical position of the heart (A - median sternotomy; B - left
thoracotomy).

comes, and to evaluate the results of mitral valve repair
using the ST vs. VATS approach.

Material and methods

This study presents a retrospective analysis of data from
patients who underwent primary mitral valve surgery at
the Department of Heart Surgery of VUSCH a.s. Kogice
between January 2016 and December 2025. The inclusion
criteria were isolated mitral valve surgery. Exclusion cri-
teria included combined surgery, reoperation, and acute
surgery. The following preoperative data were recorded
for all patients: age, sex, type of valve disease (stenosis,
regurgitation, infective endocarditis), body surface area
(BSA), body mass index (BMI), risk of death during hospi-
talization (EuroScore Il), left ventricular ejection fraction
(LVEF), effective regurgitant orifice area (EROA), end-sys-
tolic and end-diastolic volumes (ESV, EDV), left ventricu-
lar size in systole and diastole (LKs, LKd), and regurgitant
volume (RV).

The following perioperative and postoperative data
were also recorded: type of surgical approach (complete
sternotomy or video-assisted thoracoscopy), type of mi-
tral valve procedure selected (replacement or repair),
length of cardiopulmonary bypass, duration of cardio-
plegic arrest, early revision due to bleeding, evacuation
of pericardial effusion, development of wound infec-
tion, development of emphysema, need for drainage
or puncture of the pleural space, renal failure requiring
CVVHD, development of neurological deficit, postopera-
tive atrioventricular block (AVB), need for pacemaker
implantation (PPM), persistent and paroxysmal postop-
erative atrial fibrillation, pressure gradient and residual
regurgitation on the valve, length of stay in the intensive
care unit (ICU), length of hospitalization, survival, and oc-
currence of major adverse cardiovascular events (MACE).
Patient survival was recorded on the basis of a contract
with the health insurance provider using the UDZS portal.
Within the MACE, the postoperative incidence of stroke,
myocardial infarction and death was monitored during
the study period and was determined electronically based
on e-health data.

Subsequently, patients undergoing valve replacement
were excluded from the group for further analysis in or-
der to objectively compare the effectiveness of mitral valve
preservation surgery using ST vs. VATS. In the subgroups
created, a comparison of postoperative echocardiographic
parameters was performed between patients who under-
went surgery using the ST and VATS approach.

Quantitative data are expressed in the statistical anal-
ysis as mean + standard deviation. Qualitative data are
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expressed as a percentage of positive cases. A two-sam-
ple t-test was used to compare the ST and VATS patient
groups (for quantitative parameters), and the chi-square
and Fisher's exact tests were used to compare qualita-
tive parameters. Survival outcomes and MACE incidence
in the two patient groups (ST and VATS) were compared
using Kaplan—Meier survival curves and the log-rank test.
Statistical analysis was performed using SPSS version 20.
Parameters with a p-value <0.05 were considered statisti-
cally significant in each evaluation.

Results

A total of 123 patients were included in the analysis and
divided into two groups based on the surgical approach
chosen: patients with ST (n = 69) and VATS (n = 54). The
average age of the patients was 55 years. The cohort in-
cluded 40/123 (32.5%) women.

The average left ventricular ejection fraction (LVEF)
for the entire group was 60% =+ 7.9%, the mean effective
regurgitant orifice area (EROA) was 0.57 + 0.2, regurgi-
tant volume (RV) was 84 + 33.7 ml, left ventricular size in
systole (LVs) 38.8 = 6.9 mm, left ventricular size in diastole
(LVd) 56.2 + 7.4 mm, end-diastolic volume (EDV) 151.3 %
51 ml, end-systolic volume (ESV) 63 + 27 ml. The average
body surface area (BSA) was 1.9 + 0.3, the average body
mass index (BMI) was 26.8 + 4.7 kg/, and the in-hospital
mortality parameter (EuroScore 1) was 0.85 + 0.35. The
indication for surgery was mitral regurgitation in 85.4%
of cases, stenosis in 3.3%, a combination of both in 3.3%
and infectious endocarditis in 8% of cases. The primary
minimally invasive thoracoscopic approach was chosen in
54/123 (43.9%) patients, with no cases requiring conver-
sion to sternotomy.

The average duration of cardiopulmonary bypass (CPB)
for the entire group was 116 = 43.7 minutes and the dura-
tion of aortic clamping was 90.8 + 27.5 minutes. The valve
was replaced in 27.6% of patients. The length of stay in
the intensive care unit was 5.1 + 3.5 days and the total
length of hospitalization was 12 + 6.7 days. After surgery,
4% of patients were diagnosed with new atrioventricular
block requiring pacemaker implantation, early revision
due to bleeding was necessary in 3.3% of patients, and
late revision due to pericardial effusion was necessary in
6.5% of patients. Paroxysmal atrial fibrillation was de-
tected in 34.2% of patients, with a transition to persistent
atrial fibrillation in 20.3%. Surgical wound infection was
reported in 5.7% of patients. The need for elimination
therapy (CVVHD) was reported in 6.5% and neurological
complications in 4.9% of patients.

Comparison of the ST and VATS groups revealed a dif-
ference in preoperative parameters in terms of surgical
risk (EuroScore). Patients who underwent surgery via ST
were at higher risk, with a statistical significance of p
<0.001. The difference in patient age, BMI, and BSA was
not statistically significant (Table 1).

Surgery due to valvular stenosis was more prevalent in
the ST group, but with no statistical significance (4% vs.
0%, p = 0.255), same as for infectious endocarditis (12%
vs. 2%, p = 0.08). Surgery due to valvular insufficiency was
statistically significantly more common in the VATS group

(98% vs. 77%, p = 0.001). In the ST group, valve replace-
ment prevailed over repair surgery (45 vs. 55%), while in
VATS, repair surgery prevailed (94 vs. 6%).

A comparison of perioperative parameters showed
statistically significant longer CPB time and aortic
clamp time in the VATS group, by 54 resp. 34 minutes
(p <0.0001 for both). A statistically significant difference
in the amount of blood plasma administered (1.2 vs. 0.5,
p = 0.001) and pericardial effusion evacuation (12 vs.
0%, p <0.01) was demonstrated to the ST group. When
comparing the need for revision, wound infection, flu-
idothorax puncture, drainage for pneumothorax, PPM

Table 1 - Comparison of pre-operative parameters

Parameter ST VATS p-value
(n =69) (n = 54)

EuroScore 0.94 0.73 <0.0001
Age 56.61 52.94 0.186
BMI 27.35 kg/m? 26.15 kg/m?  0.20
BSA 1.91 m? 1.97 m? 0.05
Stenosis 4% 0% 0.255
Regurgitation 77% 98% 0.001
Stenosis + regurgitation  7.2% 0% 0.07
Infective endocarditis 12% 2% 0.08

Table 2 - Surgery, hospitalization and follow-up parameters

- comparison
Parameter ST VATS p-value
(n =69) (n =54)
CPB 91.85 min 146.3 min <0.0001
Aortic clamp 75.54 min 110 min <0.0001
Atrial fibrillation 37.7% 29.6% 0.444
Permanent fibrillation 21.7% 18.5% 0.822
AVB 8.7% 1.9% 0.134
PPM 7.2% 0% 0.067
Wound infection 43% 7.4% 0.525
Hospitalization 12 days 11.9 days 0.461
ICU hospitalization 5.2 days 5.0 days 0.946
Neurological 3% 7% 0.403
complication
Pneumothorax (right) 10.1% 22.2% 0.081
Pneumothorax (left) 5.8% 0% 0.13
Pericardial evacuation 11.6% 0% 0.01
Emphysema 43% 14.8% 0.058
Pleural puncture 5.8% 93 % 0.504
Erytrocytes 2.01 1.41 0.094
Plasma 1.17 0.46 0.001
Trombocytes 0.04 0.09 0.46
Protrombin 0.12 0.15 0.46
Revision 3% 4% 1.0
CVVHD 9% 4% 0.30
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Fig. 2 - Kaplan-Meier analysis of postoperative survival.

implantation, development of atrial fibrillation, length
of hospitalization, neurological complications or need
of CVVHD, no differences were observed between the
groups (Table 2).

Survival was monitored for an average of 3 years in the
VATS group with a survival rate of 100% and in the ST
group for 5.2 years with a survival rate of 94%. Kaplan-
Meier survival analysis and log-rank test showed no sta-
tistically significant difference in survival (p = 0.12) (Fig.
2). The median follow-up for MACE incidence in the ST
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Fig. 3 - Kaplan-Meier analysis of MACE event.

Table 3 - Echocardiographic parameters after mitral valve repair
surgery

Parameter ST (n=37) VATS (n=51)  p-value
Pre-operative

LVEF 59.6% 60.6% 0.74
LKd 56.0 mm 58.5 mm 0.12
LKs 38 mm 39.6 mm 0.42
3 months post-OP

LVEF 54.2% 55.5% 0.50
LKd 50 mm 51 mm 0.13
LKs 37.50 mm 37.52 mm 0.48
Regurgitation 0.61 0.76 0.40
Mean gradient 3.1 2.9 0.25
1 year post-OP

LVEF 55.7% 56.3% 0.77
LKd 49.6 mm 51.4 mm 0.03
LKs 35.53 mm 35.46 mm 0.35
Regurgitation 0.66 0.68 0.88
Mean gradient 3.1 33 0.17

group was 4.9 years with an incidence of 13%, and in the
VATS group it was 2.8 years with an incidence of 6%, with
no statistically significant difference (p = 0.71) (Fig. 3).

In the subgroup after exclusion of patients who under-
went mitral valve replacement, no significant differences
in ECHO parameters were found preoperatively. In the
subsequent comparison of postoperative parameters, a
larger left ventricular diameter in diastole was recorded
one year after surgery in the VATS group (51.4 vs. 49.6
mm; p = 0.03). No other parameters showed statistically
significant differences (Table 3).

Discussion

An interesting finding of the study is the difference in
preoperative risk between the groups, with patients in
the ST group having a higher EuroScore. This observed
selection of patients probably reflects natural tendencies
in surgical practice, where more complex or higher-risk
patients are treated using a standard approach. A similar
trend was described in a retrospective analysis by Pojar et
al.” with a higher EuroScore in the case of sternotomy by
an average of 1.7, and in a British observational study by
Jackson et al.2 by as much as 3.2. In contrast, in random-
ized and propensity score-matched studies that specifical-
ly balanced baseline characteristics, including EuroScore,
no difference in preoperative risk between ST and VATS
was demonstrated. In the multicenter UK Mini Mitral ran-
domized clinical trial, the average EuroScore was identi-
cal in both groups (1.7 + 1.6 vs. 1.7 = 1.4).°

The incidence of infective endocarditis was higher in
the ST group (12% vs. 2%), but the difference was not
statistically significant (p = 0.08). This trend is consistent
with the literature, according to which valve with infec-
tive endocarditis has long been considered a relative con-
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traindication to a minimally invasive approach, and many
centers have therefore preferred sternotomy.® However,
recent studies show that with careful patient selection,
MIMVS is technically feasible in native infective endo-
carditis and provides comparable or even better results,
including shorter ventilation and ICU stay, compared to
sternotomy.1°

In the VATS group, we describe a valve-sparing sur-
gery rate of 94%, compared to 55% in the ST group. Data
from the STS and Euro Heart Survey databases indicate
that the valve repair rate in the US and Europe was 41%
and 46.5%, respectively.' > A study by Gammie et al. re-
ports a 67% repair rate with ST and an 85% repair rate
with VATS.™

Our echocardiographic follow-up found that, when
valve replacements were excluded and only preservation
surgeries (MVP group) were evaluated, there were no
statistically significant differences in mitral valve pressure
gradients between the two approaches throughout the
follow-up period. This comparable medium-term valve
function is clinically important because it shows that the
quality of conservative surgery is not compromised by the
minimally invasive approach.

The only statistically significant echocardiograph-
ic difference in the MVP subgroup was a larger end-
diastolic left ventricular dimension (LVd) in the VATS
group one year after surgery (51.4 mm vs. 49.6 mm,
p = 0.033). Although this difference is statistically sig-
nificant, its clinical impact is likely to be marginal (a
difference of 1.8 mm), and it has not been shown to
result into differences in left ventricular ejection frac-
tion, other echocardiographic parameters, or patient
survival. Longer-term follow-up would be useful to
characterize this phenomenon.

In our study, we found no statistically significant dif-
ferences between ST and VATS in terms of the need for
surgical revision, wound infection, complications re-
quiring fluidothorax puncture or pneumothorax drain-
age, the occurrence of atrial fibrillation, neurological
complications or the need for CVVHD, with all these pa-
rameters ranging within the values described in larger
studies.”

The statistically significant longer CPB and aortic
clamp times in the VATS group (by 54 and 34 min, re-
spectively; p <0.0001) is consistent with most published
studies describing an increase in both of these times in
MIMVS compared to sternotomy, reflecting the techni-
cal difficulty and longer learning curve of minimally in-
vasive techniques. In the analysis by Iribarne et al.’®, the
CPB time in VATS was approximately 22-25 minutes lon-
ger and the clamp time was 9-14 minutes longer; similar
differences are also reported in other comparative stud-
ies and meta-analyses.”' In the presented group, the
prolongation of CPB and aortic clamp time is even more
significant, which may be related to both the learning
curve during the introduction of the VATS program and
the higher complexity of procedures (higher incidence
of repair operations) in the minimally invasive group.
Nevertheless, this difference did not lead to a deterio-
ration in survival, longer hospitalization or a higher in-
cidence of renal failure or reoperations for bleeding,
which is consistent with meta-analyses that do not con-

sider longer operating times in MIMVS to be clinically
significant.'#16.17

The meta-analysis by Spadini et al.”” reports a shorter
length of hospital stay after VATS compared to ST, which
was not statistically significant in our study (VATS 5.0 vs.
ST 5.2 days in the ICU, VATS 11.9 vs. ST 12 days of hospital
stay). This result may be due to similar postoperative care
and patient management protocols in both groups at our
center.

In our cohort, the average number of red blood cell
units administered between the ST and VATS groups dif-
fered only slightly (ST 2.01 vs. VATS 1.41 units), with the
difference not reaching statistical significance (p = 0.09).
This result is consistent with published studies with small-
er and medium-sized patient cohorts, in which MIMVS
does not show a clear reduction in the consumption of
erythrocyte concentrates, or the differences are only mar-
ginal and often not statistically significant.’®'® In contrast,
meta-analyses with several hundred to thousands of pa-
tients more often demonstrate a slightly lower need for
transfusions in MIMVS.2°

In the context of our data, there is a lower incidence of
MACE in the VATS group (6% vs. 13% in ST), with no sta-
tistical significance (p = 0.71), in line with several studies
reporting a long-term absence of MACE at a level of ap-
proximately 85-95% in both groups during medium- to
long-term follow-up.™' The fact that no significant dif-
ference was demonstrated between the groups despite
different median follow-up times suggests that even with
longer follow-up, there is no accumulation of MACE in
the ST group that would fundamentally disadvantage
this approach, but at the same time supports the hypoth-
esis of the long-term safety of VATS.

In the medium-term follow-up, the survival analysis in
our cohort reached 100% after 3 years in the VATS group
and 94% after an average follow-up of 5.2 years in the
ST group (p = 0.12), which is consistent with several large
studies where 5-year survival is most often around 93-
96% in both groups, with no significant difference be-
tween MIMVS and sternotomy.”2"22

Conclusion

Our results show that video-assisted thoracoscopic mi-
tral valve surgery provides clinical results comparable to
standard median sternotomy. Despite longer cardiopul-
monary bypass and aortic cross-clamp times, no increase
in serious postoperative complications was observed. The
minimally invasive group had a higher proportion of mi-
tral valve repairs and similar echocardiographic results in
the repair surgery subgroup. Long-term survival and the
incidence of major adverse cardiac events (MACE) did not
differ between the two approaches. Our findings support
the position of the minimally invasive VATS approach as
a safe and effective alternative to sternotomy in special-
ized centers with sufficient experience.
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Kontext: Terminem pomaly koronarni pritok (coronary slow flow, CSF) se pfi angiografickém vysetfeni
oznacuje protrahovana distalni opacifikace koronarnich tepen v nepfitomnosti vyznamné stendzy. | kdyz
presna patogeneze tohoto jevu dosud nebyla zcela objasnéna, pribyvajici diikazy ukazuji na jisty podil sys-
témového zanétu a mikrovaskularni dysfunkce. Za spolehlivy ukazatel systémového zanétu je v posledni
dobé uznavan index systémového zanétu a imunitni odpovédi (systemic immune-inflammation index, Sll),
zalozZeny na poctech bunék v periferni krvi.
Cilem této studie bylo zhodnotit korelaci mezi hodnotami SIl a pomalym koronarnim pritokem u pacientl
s pocitem tlaku ¢i bolesti na hrudi.
Metody: Do studie bylo zafazeno celkem 300 pacientl ve véku 30 az 70 let, ktefi byli dopraveni na urgentni
pfijem nebo na ambulanci s bolesti na hrudi. Na zakladé vysledku koronarografického vysetieni byli pacienti
rozdéleni do dvou skupin: skupina s CSF (n = 150) a skupina s norméalnim koronarnim prétokem (n = 150). Ze
studie byli vyfazeni pacienti s vyznamnou stenézou koronarni tepny, chlopenni vadou, nddorovym onemoc-
nénim nebo se systémovym zanétem. Hodnota Sl se vypocitavala jako (pocet neutrofild x pocet trombocytd)
/ pocet lymfocytl. Statistické analyzy se provadély s pouZitim softwaru SPSS verze 25.0.
Vysledky: Primérné hodnoty SlI byly ve skupiné CSF vyssi nez u kontrol (728 + 242 vs. 418 + 165; p < 0,001).
Pacienti s CSF vykazovali zvysené poméry neutrofill k lymfocytdm (neutrophil-to-lymphocyte ratio, NLR)
a trombocytt k lymfocytdm (platelet-to-lymphocyte ratio, PLR). V multivaria¢ni logistické regresni analyze
predstavovala zvysena hodnota Sl nezavisly prediktor CSF (OR = 2,41; 95% Cl 1,64-3,53; p < 0,001). Analyza
krivky operacni charakteristiky pfijimace (receiver operating characteristic, ROC) prokéazala vhodnou mezni
hodnotu SlI ve vy3i 560 s vyslednou 80% senzitivitou a 75% specificitou (AUC = 0,84).
Zavér: Zvysené hodnoty Sl statisticky vyznamné koreluji s pomalym koronéarnim pratokem, coz ukazuje na
zasadni roli systémového zénétu v patofyziologii uvedeného jevu. Hodnoty Sl tak mohou predstavovat na-
kladové ucinny a snadno dostupny biomarker pro stanoveni rizika u pacientt s podezienim na CSF.

© 2026, CKS.

ABSTRACT

Background: Coronary slow flow (CSF) is an angiographic occurrence marked by the protracted distal opa-
cification of coronary arteries without the presence of substantial stenosis. While its precise pathogenesis is
not fully elucidated, mounting evidence substantiates the involvement of systemic inflammation and micro-
vascular dysfunction. The Systemic Immune-Inflammation Index (SlI), based on peripheral blood counts, has
lately been recognised as a reliable indicator of systemic inflammation.

The objective of this study was to assess the correlation between Sl levels and coronary sluggish flow in
patients experiencing chest discomfort.

Methods: A total of 300 patients, aged 30 to 70 years, presenting to the emergency department or out-
patient clinic with chest pain were enrolled. All individuals underwent coronary angiography and were
categorised into two groups: the CSF group (n = 150) and the normal coronary flow group (n = 150). Patients
with substantial coronary stenosis, valve disease, cancer, or systemic inflammatory conditions were excluded.
The SIl was computed as (Neutrophil count x Platelet count) / Lymphocyte count. Statistical analyses were
conducted with SPSS version 25.0.
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Results: Mean Sl levels were markedly elevated in the CSF group relative to controls (728 + 242 vs. 418 + 165,
p <0.001). Patients with CSF exhibited elevated neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lym-
phocyte ratio (PLR). In multivariate logistic regression, increased Sl was an independent predictor of CSF
(OR =2.41,95% Cl: 1.64-3.53, p <0.001). An examination of the receiver operating characteristic (ROC) curve
indicated an appropriate Sl cutoff of 560, resulting in 80% sensitivity and 75% specificity (AUC = 0.84).
Conclusion: Increased SlI levels are significantly correlated with coronary sluggish flow, indicating that sys-
temic inflammation is crucial in its pathophysiology. The SIl may function as a cost-effective and readily
available biomarker for risk evaluation in patients with suspected CSF.

Introduction

Coronary slow flow (CSF) is delayed opacification in the
coronary arteries without occlusion. Initially documented
by Tambe et al. in 1972." The incidence varies from 1%
to 5% in angiograms, although the underlying mecha-
nisms are not fully comprehended.?Proposed aetiologies
encompass microvascular dysfunction, endothelial infla-
mmation, and heightened small-vessel resistance.>* The
Systemic Immune-Inflammation Index (SlI) is a composite
biomarker derived from the counts of neutrophils, lym-
phocytes, and platelets. It harmonises the equilibrium
between inflammatory and immunological responses.®
Originally established as a prognostic marker in oncolo-
gy.® the Sl has lately been linked to several cardiovascu-
lar disorders, including cardiovascular diseases (CVDs).”®
Considering that CSF is regarded as a low-grade inflam-
matory condition, evaluating the role of Sll may yield new
insights into its pathophysiology and clinical applicabili-
ty."° This study sought to assess Sl levels in CSF patients
relative to people with normal coronary flow.

Materials and methods

Study design and population
This case-control study was performed from January 2024
to June 2025 at a tertiary cardiology centre. Three hun-
dred individuals aged 30 to 70 years, who reported with
chest discomfort and had coronary angiography, were
included in the study. The minimal required sample size,
calculated using G*Power 3.1, was determined to be 270
for an effect size of 0.35, o = 0.05, and power = 0.90.
Inclusion criteria: Individuals aged 30 to 70 years pre-
senting with chest pain warranting coronary angiogra-

phy, with angiographic findings of normal coronary anat-
omy or coronary spasm (Table 1).

Exclusion criteria: Substantial coronary stenosis
(>20%), valvular heart disease, heart failure (ejection
fraction <50%), malignancy, autoimmune or inflamma-
tory disorders, acute infection, chronic renal or hepatic
impairment. Coronary angiography was conducted using
the usual Judkins procedure. The TIMI frame count was
utilised to establish CSF as a corrected TIMI frame count
(CTFC) above 27 frames for a minimum of one major coro-
nary artery."

Laboratory measurements and Sl calculation
Venous blood specimens were obtained following an
8-hour fast. The complete blood count was evaluated by
an automated haematology analyser. SIl = (neutrophil
count multiplied by platelet count) divided by lympho-
cyte count. Routine biochemical parameters were docu-
mented as well (Table 2).

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics 25.0 (IBM Corp., Armonk, NY, USA). The minimal
sample size was determined using G*Power 3.1.9.7. For
a medium effect size (Cohen’s d = 0.35), a = 0.05, and
power (1-B) = 0.90, a minimum sample size of 270 peo-
ple was calculated. To reduce attrition and improve sta-
tistical robustness, 300 participants were included. Data
normality was determined using Kolmogorov-Smirnov
and Shapiro-Wilk tests. Continuous variables with nor-
mal distribution were represented as mean = SD, whereas
non-normally distributed data were presented as median
(IQR). Categorical variables were reported as numbers
and percentages. Both groups were compared using the
Student’s t-test for normally distributed variables and

Table 1 - Baseline demographic and clinical characteristics of the study population

Parameter CSF (n = 150) Control (n=150) Total (n = 300) t/ 2 p-value
Age (years) 54.8 +9.6 53.6 + 10.1 54.2+9.8 1.01 0.31
Male gender, n (%) 85 (56.7%) 77 (51.3%) 162 (54%) 0.85 0.36
Hypertension, n (%) 72 (48%) 68 (45.3%) 140 (46.7 %) 0.22 0.64
Diabetes mellitus, n (%) 36 (24%) 33 (22%) 69 (23%) 0.16 0.69
Smoking, n (%) 65 (43.3%) 60 (40%) 125 (41.7%) 0.30 0.58
BMI (kg/m2) 279+35 27.5+3.7 27.7 +3.6 0.88 0.38

BMI - body mass index; CSF - coronary slow flow.

Continuous variables were analyzed using Student'’s t-test; categorical variables were analyzed using the Chi-square (y’) test.
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Table 2 - Laboratory parameters and inflammatory indices in study groups

Parameter CSF (mean + SD)
Neutrophils (x 10°/L) 6.4+1.8
Lymphocytes (x 10°/L) 1.9+0.6
Platelets (x 10°/L) 274 £ 55

SIl ([Neut x PLT]/Lymph) 728 £ 242

NLR 3.1+1.2

PLR 145 + 48

CRP (mg/L) 48+ 1.7

Control (mean = SD) t-value p-value
48+ 1.5 5.12 <0.001
25+0.7 -6.42 <0.001
252 £ 50 3.38 0.001
418 + 165 9.56 <0.001
20+0.8 8.01 <0.001
110 + 40 6.12 0.002
29+13 8.40 <0.001

CRP - C-reactive protein; NLR — Neutrophil-to-Lymphocyte Ratio; PLR - Platelet-to-Lymphocyte Ratio; Sl - Systemic Immune-Inflammation

Index.

Continuous variables were analyzed using Student’s t-test. A p-value <0.05 was considered statistically significant. Significance levels:

p <0.05. Values are expressed as mean + standard deviation (SD).
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Fig. 1 - ROC curve for Sll in predicting coronary slow flow.

the Mann-Whitney U test for non-parametric variables.
Categorical data were analysed using chi-square (x?) or
Fisher’s exact test.

SII, TIMI frame count, NLR, PLR, and CRP were correlat-
ed. CSF-independent factors were found using binary lo-
gistic regression. Variables with a p-value <0.10 in univari-
ate analysis were included in the multivariate model. The
results were given as ORs with 95% Cls. SII's CSF predic-
tion accuracy was assessed using ROC curve analysis (Fig.
1). AUC, optimum cutoff value, sensitivity, and specificity
were calculated using the Youden index (J = sensitivity +
specificity — 1). All statistical tests are two-tailed, and p-
values under 0.05 are significant.

Results

Three hundred patients were analysed, evenly divided
into the CSF group (n = 150) and the control group (n =

150) exhibiting normal coronary flow. The average age
of the entire group was 54.2 + 9.8 years, with 162 indivi-
duals (54%) being male. The baseline demographics, en-
compassing hypertension, diabetes mellitus, and smoking
prevalence, were comparable between the two groups (p
>0.05). Laboratory results indicated markedly elevated in-
flammatory markers in CSF patients. The average Sl was
728 + 242 in the CSF group compared to 418 + 165 in the
control group (p <0.001). The neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were
elevated in the CSF group (NLR: 3.1 + 1.2 vs. 2.0 £ 0.8, p
<0.001; PLR: 145 + 48 vs. 110 + 40, p = 0.002).

A correlation study revealed a strong positive associa-
tion between TIMI frame count and Sl (r = 0.46, p <0.001).
Multivariate logistic regression revealed SIl (OR = 2.41,
95% Cl: 1.64-3.53, p <0.001) and NLR (OR = 1.83, 95% Cl:
1.21-2.78, p = 0.004) were independent predictors of CSF.
ROC curve research determined an appropriate Sll thresh-
old of 560, resulting in 80% sensitivity and 75% specificity
(AUC = 0.84, p <0.001).

Discussion

The current investigation revealed that patients with CSF
display markedly elevated levels of the SII, NLR, and PLR
in comparison to persons with normal coronary flow.
These findings corroborate the concept that systemic in-
flammation and microvascular endothelial dysfunction
are pivotal in the pathogenesis of CSF.'2"3

Our findings align with numerous other studies that
have associated inflammatory indicators with CSF. In-
creased levels of C-reactive protein and soluble adhesion
molecules correlate with compromised coronary flow. Ak-
boga et al."® determined that PLR forecasts both the exis-
tence and intensity of CSF, whereas Li et al."* emphasised
NLR as a sensitive marker of microvascular impairment. In
our investigation, Sll surpassed both NLR and PLR in dis-
criminative capability, indicating that it may offer a more
thorough depiction of immunological and inflammatory
equilibrium. The increase of Sll in CSF can be elucidated
through multiple interrelated processes.’® Activated neu-
trophils discharge reactive oxygen species (ROS) and pro-
teolytic enzymes, resulting in endothelial damage and
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diminished nitric oxide bioavailability, hence elevating
microvascular resistance.!”:'®

Concurrently, platelets secrete thromboxane A2, se-
rotonin, and adhesion molecules, thereby enhancing
endothelial activation and microvascular constriction.?®
Decreased lymphocyte levels indicate a reduction of the
adaptive immune response, leading to an uncontrolled
proinflammatory environment.?' Collectively, these path-
ways create a detrimental inflammatory loop that may
contribute to CSF. This work builds upon prior findings
by using SIl as a new haematological biomarker in the
evaluation of CSF. In our logistic regression study, SlI in-
dependently predicted CSF (OR = 2.41, 95% Cl 1.64-3.53),
even after controlling for confounding variables like hy-
pertension, diabetes, and smoking. The ROC analysis ex-
hibited exceptional diagnostic accuracy (AUC = 0.84), akin
to values documented in acute coronary syndromes and
subclinical atherosclerosis.'2

These findings underscore Sll as an accessible, cost-ef-
fective, and dependable inflammatory indicator that may
be integrated into the clinical risk assessment of chest
pain patients with normal angiograms. Our data, more-
over, furnish indirect evidence corroborating the con-
tinuum between microvascular inflammation and early
atherosclerosis. Kaya et al."”” and Tasolar et al.’® identified
endothelial dysfunction and low-grade inflammation as
common mechanisms linking CSF and coronary artery
disease (CAD). Oflar et al.?' and Candemir et al.” have
shown that Sll is associated with atherosclerotic plaque
load and instability.

Consequently, CSF may not be a benign angiographic
observation, as previously proposed by Ahmed et al.,®
but instead an early indicator of systemic vascular in-
flammation and a potential precursor to future coronary
events. Clinically, the identification of increased SIl in CSF
patients may impact therapy options. Anti-inflammatory
treatments, including colchicine, statins, and IL-1 inhibi-
tors, have demonstrated efficacy in diminishing vascular
inflammation and enhancing endothelial function.?? The
incorporation of Sll into standard clinical practice may as-
sist in informing therapeutic choices, assessing treatment
response, and stratifying cardiovascular risk in this pa-
tient demographic.?>?*

Notwithstanding its merits — sufficient sample size,
exclusion of confounding inflammatory diseases, and
standardised angiographic evaluation - this study pos-
sesses multiple limitations. The study has a single-centre,
cross-sectional design, which prevents causal inference.
Secondly, specific inflammatory mediators such as IL-6,
TNF-a, and hs-CRP were not assessed. Third, long-term
follow-up data about cardiovascular outcomes were un-
available. Future multicentre longitudinal investigations
are essential to evaluate the predictive significance of
SIl and ascertain whether therapies aimed at systemic
inflammation can enhance coronary microvascular perfu-
sion and outcomes in CSF patients.

In conclusion, our findings robustly endorse the no-
tion that systemic immune-inflammatory activation plays
a substantial role in coronary sluggish flow. The Sl is a re-
liable and effective biomarker for evaluating inflamma-
tory status and forecasting the presence of CSF. Prompt
diagnosis of patients with increased SIl may provide

timely treatment measures to mitigate inflammation,
enhance endothelial function, and avert progression to
overt atherosclerotic disease.
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Kontext: Perkutanni koronarni intervence se bézné provadi jako zplsob |écby ischemické choroby srde¢ni.
Dlouhé koronarni léze casto vyZaduji implantaci vice nez jednoho stentu, coz znamena, ze se jejich jednot-
livé segmenty mohou prekryvat. Zvysena pfitomnost kovu a zménéné hojeni cév v oblasti prekryti mohou
pfispivat k nezadoucimu vyslednému klinickému stavu.
Metody: V této studii jsme hodnotili pacienty po perkutanni koronérni intervenci pro dlouhé Iéze na ko-
rondrnich tepndch. Pacienti byli rozdéleni do dvou skupin podle strategie pouzité pfi implantaci stentu: im-
plantace prekryvajicich se stentl nebo implantace jednoho dlouhého stentu. Béhem sledovani se hodnotily
klinické parametry vcetné vzniku vyznamnych kardiovaskularnich pfihod, infarktu myokardu, revaskulariza-
ce cilové léze, trombdzy stentu a mortalita.
Vysledky: U pacientt s prekryvajicimi se stenty byl zaznamendn pocetné vyssi vyskyt nezadoucich klinickych
pfihod, ktery nicméné nedosahl statistické vyznamnosti. Ve skupiné s prekryvajicimi se stenty byl pozorovan
zvlasté vyssi pocet pripadl revaskularizace cilové léze a trombozy stentu.
Zavér: Implantace prekryvajicich se stentd v |écbé dlouhych koronarnich 1ézi maze byt spojena s trendem
zvysujiciho se rizika nezaddoucich kardiovaskularnich ptihod. Zlepseni vysledného klinického stavu u této
skupiny pacientd mGze napomoci uvézlivé volba strategie implantace stentu.
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ABSTRACT

Background: Percutaneous coronary intervention is widely used in the treatment of coronary artery dis-
ease. Long coronary lesions frequently require implantation of more than one stent, which may lead to
overlapping stent segments. Increased metal burden and altered vascular healing in the overlapping region
may contribute to adverse clinical outcomes.

Methods: This study evaluated patients who underwent percutaneous coronary intervention for long co-
ronary lesions. Patients were divided into two groups according to the stenting strategy: overlapping stent
implantation and single long stent implantation. Clinical outcomes including major adverse cardiovascular
events, myocardial infarction, target lesion revascularization, stent thrombosis, and mortality were assessed
during follow-up.

Results: Patients treated with overlapping stents demonstrated numerically higher rates of adverse clini-
cal events without reaching statistical significance. In particular, target lesion revascularization and stent
thrombosis were observed more frequently in the overlapping stent group.

Conclusion: Overlapping stent implantation in the treatment of long coronary lesions may be associated
with a trend toward increased risk of adverse cardiovascular events. Careful selection of stenting strategy
may help improve clinical outcomes in these patients.
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Stent Overlapping and Clinical Outcomes

Introduction

Coronary artery disease remains one of the leading causes
of morbidity and mortality worldwide despite significant
advances in diagnostic and therapeutic strategies. Percu-
taneous coronary intervention has become a cornerstone
in the treatment of obstructive coronary artery disease
and is widely performed to restore coronary blood flow
and improve clinical outcomes. The introduction of drug-
-eluting stents has significantly reduced rates of restenosis
and repeat revascularization compared with bare-metal
stents, representing a major milestone in interventional
cardiology.!

Despite these advances, the treatment of long coro-
nary lesions continues to pose important procedural and
clinical challenges. Long lesions are commonly associated
with diffuse atherosclerosis, increased plaque burden,
and complex vessel morphology. These characteristics
have been shown to increase the risk of restenosis, tar-
get lesion failure, and other adverse cardiovascular out-
comes following percutaneous coronary intervention.2
Consequently, achieving complete lesion coverage often
requires the implantation of multiple stents.

In clinical practice, long coronary lesions frequently
necessitate the use of more than one stent, resulting in
overlapping stent segments. Stent overlap may increase
the total metal burden within the treated vessel and
may lead to alterations in local vascular biology. Experi-
mental and pathological studies have suggested that
overlapping segments may be associated with delayed
endothelial healing, increased inflammatory response,
and greater neointimal proliferation.3 In addition, over-
lapping regions may disrupt normal coronary flow dy-
namics, which may further contribute to thrombotic
complications.

Several clinical studies have investigated the potential
impact of stent overlap on clinical outcomes. Earlier stud-
ies suggested that overlapping stents were associated
with increased rates of restenosis and stent thrombosis,
particularly in the era of first-generation drug-eluting
stents.* However, with the introduction of newer-gen-
eration drug-eluting stents characterized by thinner
struts, improved polymers, and enhanced drug delivery
systems, the clinical implications of stent overlap remain
controversial. Some studies have reported comparable
outcomes between overlapping and non-overlapping
stenting strategies, while others have continued to dem-
onstrate an increased risk of adverse events in overlap-
ping segments.®

Given the increasing complexity of coronary inter-
ventions and the frequent need to treat long lesions in
contemporary practice, understanding the clinical impli-
cations of stent overlap remains highly relevant. Clari-
fying whether overlapping stent implantation affects
long-term clinical outcomes may help guide procedural
strategies and optimize patient management during per-
cutaneous coronary intervention.

Therefore, the present study aimed to evaluate the ef-
fect of stent overlapping regions on clinical outcomes in
patients undergoing percutaneous coronary intervention
for long coronary lesions.

Methods

Study design and study population
This study was designed as a single-center retrospective
observational study. Consecutive patients who under-
went percutaneous coronary intervention for long co-
ronary lesions at the cardiology department between
January 2019 and December 2025 were retrospectively
screened. Clinical, angiographic, and procedural data
were obtained from the hospital electronic medical re-
cord system and catheterization laboratory database.
Patients aged 18 years or older who underwent percu-
taneous coronary intervention for a coronary lesion with
a total stent length greater than or equal to 30 mm were
included in the study. Patients with previous coronary ar-
tery bypass graft surgery, cardiogenic shock at presenta-
tion, in-stent restenosis, or incomplete clinical follow-up
data were excluded from the analysis.

Definition of long coronary lesion

Long coronary lesion was defined as a coronary stenosis
requiring a total stent length of 30 mm or greater during
percutaneous coronary intervention. Lesion length was
determined based on coronary angiographic assessment
performed by experienced interventional cardiologists.

Study groups

Patients were divided into two groups according to the
stenting strategy used during the index procedure. The
overlapping stent group consisted of patients in whom
two or more stents were implanted with overlapping
segments to achieve complete lesion coverage. The non-
-overlapping group included patients treated with a sin-
gle long stent without overlapping segments.

Percutaneous coronary intervention
procedure

All coronary angiography and percutaneous coronary
intervention procedures were performed according to
standard clinical practice guidelines. Vascular access was
obtained through either the radial or femoral artery de-
pending on operator preference. Lesion characteristics,
stent diameter, and stent length were determined by the
interventional cardiologist based on angiographic fin-
dings. Drug-eluting stents were used in all patients. Post-
-dilatation was performed when considered necessary to
optimize stent expansion.

Data collection

Demographic characteristics, cardiovascular risk factors,
angiographic findings, procedural details, and follow-
-up outcomes were collected retrospectively from medi-
cal records and the institutional database. Angiographic
data included lesion length, target vessel, stent diameter,
stent length, and number of implanted stents. Follow-up
data were obtained from hospital records and outpatient
visits, and when necessary, by telephone contact.

Clinical outcomes and definitions
The primary outcome of the study was the occurrence
of major adverse cardiovascular events during 12-month
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follow-up. Major adverse cardiovascular events were de-
fined as a composite of cardiovascular death, myocardial
infarction, target lesion revascularization, or definite
stent thrombosis.

Myocardial infarction was defined according to the
Fourth Universal Definition of Myocardial Infarction.
Stent thrombosis was defined according to the Academic
Research Consortium (ARC) criteria. Target lesion revas-
cularization was defined as repeat percutaneous coro-
nary intervention or coronary artery bypass graft surgery
performed due to restenosis or re-occlusion within the
previously treated lesion segment. Stent thrombosis was
defined according to standard clinical definitions.

Statistical analysis

Continuous variables were expressed as mean =+ standard
deviation, and categorical variables were presented as
numbers and percentages. The normality of data distri-
bution was assessed using the Kolmogorov-Smirnov test.
Continuous variables were compared using the Studen-
t's t-test or the Mann-Whitney U test as appropriate. Ca-
tegorical variables were compared using the chi-square
test or Fisher’s exact test when necessary. A two-sided
p-value of less than 0.05 was considered statistically sig-
nificant. All statistical analyses were performed using sta-
tistical software.

Ethics statement

The study protocol was reviewed and approved by the
Scientific Research Ethics Committee of the Faculty of
Medicine at Health Sciences University Erzurum City
Hospital. Ethical approval was granted on December 10,
2025 (Meeting No: 12, Decision No: 297; Approval No:
2025/297). The study was conducted in accordance with
the principles of the Declaration of Helsinki. Due to the
retrospective design of the study, the requirement for in-
formed consent was waived by the ethics committee.

Results

Study population

A total of 214 patients who underwent percutaneous co-
ronary intervention for long coronary lesions were inclu-
ded in the study. According to the stenting strategy, pati-
ents were divided into two groups: the overlapping stent
group (n = 96) and the single long stent group (n = 118).

Baseline clinical characteristics

Baseline clinical characteristics of the study population
are presented in Table 1. The mean age of the overall
population was 63.4 + 10.8 years, and 68% of the pati-
ents were male. The prevalence of major cardiovascular
risk factors, including hypertension, diabetes mellitus,
hyperlipidemia, and smoking, was similar between the
two groups. No statistically significant differences were
observed between the groups with respect to baseline
demographic or clinical characteristics.

Angiographic and procedural characteristics
Angiographic and procedural characteristics are summa-
rized in Table 2. Lesion length was significantly longer in

the overlapping stent group compared with the single
stent group (38.6 = 6.4 mm vs 31.2 + 4.8 mm, p <0.001).
Accordingly, the mean stent length and the number of
implanted stents were significantly higher in the over-
lapping stent group. Drug-eluting stents were used in all
patients. Procedural success was achieved in the majority
of cases, and post-dilatation rates were comparable be-
tween the two groups.

Clinical outcomes
Clinical outcomes during follow-up are presented in Table
3. Major adverse cardiovascular events were numerically
higher in the overlapping stent group; however, the di-
fference did not reach statistical significance (14.6% vs
7.6%, p = 0.09). Target lesion revascularization was sig-
nificantly higher in the overlapping stent group (8.3%
vs 3.4%, p = 0.048). Stent thrombosis occurred more fre-
quently in the overlapping stent group; however, the dif-
ference did not reach statistical significance.

The rates of myocardial infarction and cardiovascular
death were similar between the two groups.

Table 1 - Baseline clinical characteristics

Variable Overlapping  Single stent p-value
stent(n=96) (n=118)
Age (years) 64.1 + 10.2 62.8+11.1 0.38
Male sex, n (%) 66 (68.7) 79 (66.9) 0.77
Hypertension, n (%) 58 (60.4) 69 (58.5) 0.78
Diabetes mellitus, n (%) 34 (35.4) 38(32.2) 0.63
Hyperlipidemia, n (%) 46 (47.9) 54 (45.8) 0.76
Current smoking, n (%) 29 (30.2) 32(27.1) 0.61

Table 2 - Angiographic and procedural characteristics

Variable Overlapping Single stent p-value
stent(n=96) (n=118)

Lesion length (mm) 38.6+6.4 31.2+4.38 <0.001

Stent length (mm) 448 +7.3 345+56 <0.001

Number of stents 2104 1.0+ 0.0 <0.001

Post-dilatation, n (%) 58 (60.4) 69 (58.5) 0.79

Radial access, n (%) 71 (74.0) 85 (72.0) 0.74

Table 3 - Clinical outcomes during follow-up

Outcome Overlapping Single stent  p-value
stent (n =96) (n=118)

Major adverse 14 (14.6) 9 (7.6) 0.09

cardiovascular events,

n (%)

Myocardial infarction, 4 (4.2) 3(2.5) 0.49

n (%)

Target lesion 8(8.3) 4(3.4) 0.048

revascularization, n (%)

Stent thrombosis, n (%) 3 (3.1) 1(0.8) 0.18

Cardiovascular death, 2 (2.1) 2(1.7) 0.85

n (%)
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Discussion

In the present study, we evaluated the clinical impact of
stent overlapping in patients undergoing percutaneous
coronary intervention for long coronary lesions. The main
findings of our study were that overlapping stent implan-
tation was associated with a higher rate of target lesion
revascularization during follow-up, whereas other major
adverse cardiovascular outcomes such as myocardial in-
farction and cardiovascular mortality were comparable
between patients treated with overlapping stents and
those treated with a single long stent.

The treatment of long coronary lesions remains one
of the most challenging scenarios in contemporary inter-
ventional cardiology. Diffuse atherosclerotic disease and
increased plaque burden frequently require implantation
of multiple stents to achieve complete lesion coverage.
Previous studies have demonstrated that lesion length
is an important predictor of restenosis and adverse
clinical outcomes after percutaneous coronary interven-
tion.® It should be noted that lesion length was signifi-
cantly greater in the overlapping stent group, which may
have influenced the observed outcomes. Lesion length
is a well-established predictor of adverse events follow-
ing percutaneous coronary intervention and may act as
a confounding factor in the relationship between stent
overlap and clinical outcomes.

One of the main concerns regarding stent overlap is
the increased metal burden within the vessel wall. Patho-
logical and experimental studies have demonstrated that
overlapping stent segments may lead to delayed endo-
thelialization, increased inflammatory response, and ex-
cessive neointimal proliferation.? These mechanisms may
increase the risk of restenosis and thrombotic complica-
tions.

Several clinical investigations have evaluated the clini-
cal implications of overlapping stents. Earlier studies con-
ducted during the first-generation drug-eluting stent
era demonstrated higher rates of restenosis and repeat
revascularization in overlapping segments.” Similarly, ob-
servational studies have reported that overlapping stent
implantation may be associated with an increased inci-
dence of target lesion failure and adverse cardiovascular
events.®

However, with the introduction of newer-generation
drug-eluting stents characterized by thinner struts and
improved polymer biocompatibility, the clinical impact of
stent overlap remains controversial. Recent studies have
suggested that newer-generation stents may mitigate
some of the adverse vascular responses associated with
overlapping segments.*

In our study, we observed a higher rate of target le-
sion revascularization in patients treated with overlap-
ping stents. This finding is consistent with previous stud-
ies reporting that increased metal density and vessel wall
injury in overlapping segments may promote neointimal
hyperplasia and restenosis.’

On the other hand, the rates of myocardial infarc-
tion and cardiovascular mortality were similar between
the two groups in our study. These findings are consis-
tent with several contemporary studies indicating that
although stent overlap may increase repeat revascu-

larization, it does not necessarily translate into higher
mortality or myocardial infarction rates during mid-term
follow-up.1°

Overall, our findings emphasize the importance of
careful procedural planning when treating long coronary
lesions. Whenever technically feasible, minimizing stent
overlap or using a single long stent may reduce the risk of
repeat revascularization.

Study limitations

This study has several limitations. First, this was a retro-
spective single-center observational study and therefore
may be subject to selection bias. Second, the relatively
small sample size may limit the statistical power to de-
tect differences in less frequent clinical outcomes. Thi-
rd, intravascular imaging techniques were not routinely
used, which may have provided additional insights into
stent expansion and overlap geometry. In addition, lesion
length was significantly longer in the overlapping stent
group, which may have confounded the association be-
tween stent overlap and clinical outcomes. No multivaria-
ble adjustment analysis was performed due to the sample
size, and therefore the findings should be interpreted
with caution. Finally, the follow-up duration was limited
to 12 months.

Conclusion

In patients undergoing percutaneous coronary interven-
tion for long coronary lesions, overlapping stent implan-
tation was associated with a higher rate of target lesion
revascularization during follow-up. However, other ma-
jor adverse cardiovascular outcomes were comparable
between overlapping and non-overlapping stenting stra-
tegies.

Conflict of interest
The author declares that there is no conflict of interest.

Funding
The author received no financial support for the research,
authorship, or publication of this article.

Author contributions

The author solely contributed to the conception, study
design, data collection, analysis, interpretation of data,
and writing of the manuscript.

References

1. Stone GW, Ellis SG, Cox DA, et al. A polymer-based paclitaxel-
eluting stent in patients with coronary artery disease. N Engl J
Med. 2004;350:221-231.

2. Kastrati A, Mehilli J, Dirschinger J, et al. Restenosis after
coronary placement of various stent types. J Am Coll Cardiol
2001;38:1499-1505.

3. Finn AV, Joner M, Nakazawa G, et al. Pathological correlates of
late drug-eluting stent thrombosis. Circulation 2007;115:2435-
2441.



E.S. A. Ceyhun

537

4. Chhatriwalla AK, Cam A, Unzek S, et al. Drug-eluting
stent overlap and clinical outcomes. Circ Cardiovasc Interv
2011;4:146-152.

5. Raber L, Juni P, Loffel L, et al. Impact of stent overlap on
angiographic and long-term clinical outcomes in patients
treated with drug-eluting stents. J Am Coll Cardiol
2010;55:1178-1188.

astrati A, Schomig A, Elezi S, et al. Predictive factors of
restenosis after coronary stent placement. J Am Coll Cardiol
1997;30:1428-1436.

Lee SH, Jang Y, Oh SJ, et al. Overlapping vs. one long

stenting in long coronary lesions. Catheter Cardiovasc Interv
2004;623:298-302.

Kereiakes DJ, Wang H, Popma JJ, et al. Periprocedural and late
consequences of overlapping drug-eluting stents: insights from
the TAXUS clinical trials. J Am Coll Cardiol 2006;48:21-31.



Plvodni sdéleni | Original research article

Coronary Artery Disease with Isolated Side Branch Lesions:
Follow-Up Outcomes with Medical Treatment

Mehmet Ali Maz?, Fatih Gulcebi®, ihsan Dursun¢

@ Department of Cardiology, Bayburt State Hospital, Bayburt, Turkey
b Department of Cardiology, Trabzon Kanuni Training and Research Hospital, Trabzon, Turkey
< Department of Cardiology, University of Trabzon Ahi Evren Thoracic and Cardiovascular Surgery Training and Research

Hospital, Trabzon, Turkey

ARTICLE INFO

SOUHRN

Article history:

Submitted: 20. 2. 2026
Accepted: 14. 3. 2026
Available online: 8. 10. 2026

Klicova slova:

Ischemicka choroba srde¢ni
Levéd marginalni vétev
Vétve koronarnich tepen

Keywords:

Coronary artery disease
Coronary artery side branch
Obtuse marginal artery

Cilem této studie bylo vyjasnit klinické dilema tykajici se farmakologické versus intervencni [écby pacientl
s ICHS, ktefi se dostavili k |ékafi s izolovanymi lézemi na vétvich korondrnich tepen. Autofi retrospektivné po-
soudili vysledky vSech koronarografickych vysetfeni provedenych na nasi klinice v obdobi od ledna 2020 do
Cervence 2023. Pacienti byli rozdéleni do dvou skupin podle pfipadné progrese 1ézi na jednotlivych vétvich
koronarnich tepen béhem farmakoterapie. Z celkového poctu 400 pacientu ve studii nebyla progrese koro-
narnich lézi béhem farmakoterapie zjisténa u 332 pacientl. Komparativni analyzy koronarografickych udaju
prokézaly, Ze prdmér jednotlivych vétvi koronérnich tepen béhem prvniho koronarografického vysetreni (p
=0,012), procento sten6z na jednotlivych vétvich (p = 0,001), asovy interval mezi obéma koronarograficky-
mi vysetienimi (p = 0.049), pocty ostidlnich 1ézi na levé marginalni vétvi 1 (p = 0,006), a pocty ostialnich lézi
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nizkou rychlost progrese lézi u pacientt s ICHS a izolovanych 1ézi jednotlivych vétvi pfi farmakologické lécbé.
Uvedena zjisténi hovori ve prospéch provadéni farmakoterapie oproti intervendni 1é¢bé u danych pacientd.
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ABSTRACT

This study aimed to eliminate the clinical dilemma between medical and interventional treatments for pa-
tients with CAD presenting with isolated side branch lesions. All coronary angiography procedures perfor-
med at our clinic between January 2020 and July 2023 were retrospectively reviewed. The patients were
categorized into two groups based on whether their coronary side branch lesions progressed under medical
treatment. Of the 400 patients included in the study, 332 exhibited no progression in their coronary lesi-
ons under medical treatment. Comparative analyses of angiographic data revealed that side branch vessel
diameter during the first angiography (p = 0.012), percentage of side branch stenosis (p = 0.001), the time
interval between the two angiographies (p = 0.049), ostial lesions in obtuse marginal 1 (p = 0.006), and ostial
lesions in obtuse marginal 2 (p = 0.027) statistically significantly differed between the two groups. This study
revealed a low rate of lesion progression in patients with CAD and isolated side branch lesions managed
with medical treatment. These findings support the clinical feasibility of prioritizing medical therapy over
interventional treatment for such patients.
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Introduction and objective

Coronary artery disease (CAD) is a major cardiovascular con-
dition and a predominant cause of mortality in both deve-
loped and developing countries, significantly affecting the
global population. According to the World Health Organi-
zation, approximately 17 million deaths annually are attri-
buted to CAD, ranking it as the third leading cause of death
globally."” While many risk factors contribute to the deve-
lopment of CAD, primary risks include diabetes mellitus,
hypertension, hyperlipidemia, smoking, obesity, lifestyle,
genetic predispositions, and psychosocial stress.? Although
CAD-related mortality has declined in recent years, it still
accounts for nearly one third of deaths in individuals over
35 years of age. Approximately 50% of this decline can be
attributed to advancements in the management of acute
coronary syndrome (ACS) and acute heart failure, alongside
improved primary and secondary prevention measures. The
remaining 50% of the reduction is linked to stricter control
of cardiovascular risk factors such as smoking, high choleste-
rol, sedentary lifestyles, and hypertension.

The primary approach to CAD treatment integrates
lifestyle changes, exercise, and dietary modifications into
medical therapy. Medical treatment encompasses anti-
ischemic medications (B-blockers, calcium channel block-
ers, and nitrates), drugs preventing atherothrombotic
events (aspirin and P2Y, inhibitors), and agents reducing
cardiovascular risks (statins, angiotensin-converting en-
zyme inhibitors, and angiotensin receptor blockers).*

Coronary angiography is frequently employed in the
diagnosis of CAD. Currently, angiographic interventional
procedures constitute a cornerstone of CAD treatment.
However, while coronary angiography effectively identifies
lesions in epicardial arteries, it fails to visualize the smaller
vessels that comprise a substantial portion of the coronary
vasculature. This limitation underscores the importance of
medical therapy. Furthermore, lesions detected in epicardial
arteries sometimes involve side branches rather than main
arteries. Since side branches are narrower than main arter-
ies, interventional procedures such as balloon angioplasty
or stent implantation are more challenging and carry higher
risks, presenting a dilemma for operators. Therefore, while
medical and interventional treatments complement each
other in the management of CAD, determining the optimal
approach remains an active area of research.®

In this study, we investigated the follow-up outcomes
of patients with CAD and side branch lesions detected
through coronary angiography who did not undergo
interventional procedures. Since both medical and inter-
ventional treatments carry inherent risks for patients in
the short and long term, making a definitive decision in
the angiography laboratory can be challenging. The pri-
mary objective of this study was to evaluate the clinical
and angiographic outcomes of medical management in
cases of coronary side branch stenosis.

Patients and methods

Study design
In this study, all coronary angiographies performed in the
angiography laboratory of the cardiology department of

a tertiary care hospital between January 2020 and July
2023 were retrospectively reviewed. Over three and a half
years, the medical records of angiographies were exami-
ned through the hospital’s system, and patients meeting
the study criteria were selected. From the initial dataset,
2,562 patients were identified with >50% side branch le-
sions. Among these, 460 patients who underwent angio-
graphy twice at an average interval of four years were
included. Due to the inability to retrieve angiographic
images for 50 patients and incomplete information for 10
patients, the final sample comprised 400 patients.

The patients were contacted via telephone to gather
information about the medical treatments they received
between the two angiographies and their existing health
conditions. Additional data, including blood values, car-
diac rhythm, echocardiographic parameters, angiography
dates, and angiographic findings, were obtained from
hospital records. Patients with 250% stenosis in coronary
side branches were divided into two groups: those whose
stenosis percentage increased and those whose stenosis
percentage did not increase between the two angiogra-
phies.

The study was conducted in accordance with the ethi-
cal principles outlined in the Declaration of Helsinki and
received approval from the local ethics committee.

Patient selection and method
The primary criteria for the target patient group in this
study, which aimed to evaluate the follow-up outcomes
of coronary artery side branch lesions managed with me-
dical therapy, were the presence of >50% stenosis in the
coronary artery side branch, independent of any inter-
ventional procedure performed on the main artery.
Excluded from the study were patients with <50% ste-
nosis in the coronary artery side branch, those with less
than a 12-month interval between the two angiogra-
phies, those who did not take at least one antiplatelet
agent (aspirin or P2Y, inhibitor) after the index angiog-
raphy, those who did not receive lipid-lowering therapy
(statins) following the index angiography, those with
a history of bypass surgery, and those with chronic renal
failure requiring dialysis.

Definitions

The initial angiography, where the presence of 250% ste-
nosis in the coronary artery side branch was first iden-
tified, was defined as the index angiography, and the
angiography conducted within an average of four years
was accepted as the second angiography. Angiographic
images of patients with >50% stenosis in the coronary
artery side branch during the first and second angiogra-
phies are shown in Figures 1 and 2.

Active smokers and individuals with a history of smok-
ing were considered to have significant exposure to
smoking. A family history of CAD was deemed significant
if first-degree male relatives were diagnosed before the
age of 55 and first-degree female relatives before the
age of 60. Patients using antihypertensive medications or
those with blood pressure >140/90 mmHg during outpa-
tient follow-ups were considered to have significant hy-
pertension. Diabetes mellitus was defined as a clinically
significant condition in cases where the patient was un-
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Figs 1A-B - Angiography images of a 62-year-old female patient in 2018 and 2022. (A) Proximal and mid-region lesion of
the diagonal artery observed in 2018. (B) No progression observed in the same lesion in 2022.

Figs 2A-B - Angiography images of a 69-year-old male patient in 2017 and 2021. (A) Lesion of the obtuse marginal artery
observed in 2017. (B) Progression observed in the same lesion in 2021.

dergoing treatment with oral antidiabetic medications or
insulin, had a fasting plasma glucose level exceeding 126
mg/dL, or demonstrated a glycated hemoglobin (HbA,)
value of 6.5% or higher, which reflects the average glu-
cose levels over three months. Dyslipidemia, on the other
hand, was characterized by a low-density lipoprotein cho-
lesterol level exceeding 116 mg/dL despite effective life-
style modifications and the use of lipid-lowering medica-
tions, such as statins.

Statistical analysis
Statistical analyses were performed using the Statistical
Package for the Social Sciences version 21.0 (SPSS Inc.,

Chicago, IL, USA) to compare the data of patients with
and without an increase in stenosis percentage. The Kol-
mogorov-Smirnov and homogeneity of variances tests
were used to evaluate parametric and non-parametric
distributions. The independent-samples t-test was used
to compare variables with parametric distributions, while
the Mann-Whitney U test was used for non-parametric
distributions. Categorical variables were compared using
the chi-square test. Parametric continuous variables were
expressed as mean + standard deviation, while non-pa-
rametric variables were expressed as median (minimum-
maximum) values. Categorical variables were presented
as frequencies and percentages. Pearson and Spearman
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Table 1 - Baseline parameters of patients included in the study

Variables Patients with increased Patients without increased p-value
stenosis percentage (n = 68) stenosis percentage (n = 332)
Age (year) 67.95 + 10.31 65.82 +9.76 0.105
Sex (female/male) 14/54 64 /268 0.804
Body mass index (kg/m?) 27.7 (20-44.9) 27.7 (19-43) 0.887
Hypertension (%) 53 237 0.270
Diabetes mellitus (%) 27 132 0.993
Hyperlipidemia (%) 21 96 0.745
CAD history (%) 27 126 0.786
Smoking (%) 16 110 0.120
Family history (%) 5 22 0.828
ASA (%) 62 292 0.448
Statin (%) 66 326 0.543
ACE inhibitor/RB (%) 44 217 0.918
P2Y, inhibitor (%) 29 160 0.404
Beta blocker (%) 43 224 0.499
Hemoglobin (g/dL) 14.65 (8.3-18.5) 14.5 (8.8-18.5) 0.700
Hematocrit (%) 42 (24-53) 42 (28-53) 0.485
WBC count (x 10°/L) 8.1(4.7-14.4) 8.3 (3.9-20) 0.403
Platelet count (x 10%L) 221.5 (125-404) 218 (109-520) 0.744
MCV (fL) 88 (72-98) 87 (69-100) 0.321
MPV (fL) 8.42 + 0.86 8.51+1.13 0.559
Neutrophil count (%) 4.8 (2-11.7) 5(1.5-16.7) 0.516
Lymphocyte count (%) 2.1(0.7-5.1) 2.1(0.4-6.5) 0.685
Glucose (mg/dL) 114 (63-446) 119 (65-434) 0.362
Creatinine (mg/dL) 0.8 (0.54-1.8) 0.8 (0.4-3) 0.800
GFR (ml/min/1,73 m?) 83.5 (39-124) 90 (14-119) 0.167
CRP (mg/L) 4 (1-99) 4 (1-116) 0.287
Total cholesterol (mg/dL) 202.13 £ 46.4 202.47 £52.4 0.960
HDL (mg/dL) 40 (26-78) 40 (23-87) 0.864
TG (mg/dL) 175.5 (41-585) 150.5 (36-580) 0.069
LDL (mg/dL) 140.01 + 35.37 137.26 + 40.77 0.605
LDL-2 (mg/dL) 109.13 £ 39.67 108.43 + 40.81 0.898
Delta LDL (mg/dL) 31.61 +48.94 28.30 + 47.23 0.600

ACEi - angiotensin-converting enzyme inhibitor; ARB - angiotensin receptor blocker; ASA - acetylsalicylic acid; CAD - coronary artery
disease; CRP — C-reactive protein; GFR — glomerular filtration rate; HDL - high-density lipoprotein; LDL - low-density lipoprotein;
MCV - mean corpuscular volume; MPV — mean platelet volume; TG - triglycerides; WBC - white blood cell.

Table 2 - Echocardiographic and electrocardiographic parameters of patients

Variables Patients with increased Patients without increased p-value
stenosis percentage stenosis percentage
LV-EF (%) 60 (30-65) 60 (25-65) 0.911
LVEDD (mm) 48 (37-74) 47 (38-69) 0.618
LVESD (mm) 32 (20-50) 30 (21-59) 0.152
Left atrium (mm) 38 (30-51) 38 (30-64) 0.707
Aortic velocity (m/s) 130 (90-461) 137.5 (80-436) 0.446
Ascending aorta (mm) 36 (25-44) 36 (28-48) 0.906
E wave (cm/s) 60 (20-100) 60 (20-158) 0.592
A wave (cm/s) 70 (30-120) 70 (30-158) 0.659
Rhythm (AF/SR) 7/61 21/311 0.243

AF - atrial fibrillation; A wave - late diastolic wave; E wave - early diastolic wave; LVEDD - left ventricular end-diastolic diameter;
LV-EF - left ventricular ejection fraction; LVESD - left ventricular end-systolic diameter; SR - sinus rhythm.
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correlation analyses were conducted to evaluate correla- Results

tions. Univariable and multivariable binary logistic regre-

ssion analyses were performed to identify dependentand  Patients’ presentation data

independent predictors. A p-value of <0.05 was conside- A total of 400 patients who underwent coronary angio-
red statistically significant for all analyses. graphy twice with an average interval of 36 + 8 months

Table 3 - Angiographic comparison of stenosis in obtuse marginal and diagonal arteries

Variables Patients with increased stenosis  Patients without increased p-value
percentage stenosis percentage
(n = 68) (n =332)

Index angiography stenosis percentage 80 (60-95) 70 (50-95) 0.001
Side branch diameter (mm) 2.25 (1.5-3) 2.25(1.5-3) 0.012
Time interval between two angiographies (months) 36 (11-83) 33 (9-86) 0.049
Diagonal 1 artery lesion 34 201 0.108
Ostial 8 52 0.412
Proximal 18 99 0.580
Mid 10 65 0.348
Distal - - -
Diagonal 2 artery lesion 7 49 0.334
Ostial 2 16 0.496
Proximal 3 28 0.258
Mid 2 5 0.411
Distal - - -
Diagonal 3 artery lesion 1 1 0.213
Ostial - - -
Proximal 1 1 0.213
Mid - - -
Distal - - -
Obtuse marginal 1 lesion 27 85 0.018
Ostial 9 15 0.006
Proximal 16 54 0.151
Mid 4 24 0.692
Distal 0 1 0.650
Obtuse marginal 2 lesion 6 18 0.282
Ostial 4 5 0.027
Proximal 2 1 0.875
Mid 0 3 0.431
Distal - - -

Table 4 - Univariable and multivariable regression analyses of factors associated with increased stenosis percentage

Univariable analysis Multivariable analysis
Variables OR 95% Cl p-value OR 95% Cl p-value
Index angiography side branch stenosis 1.047 1.018-1.077 0.001 1.060 1.027-1.093 <0.001
percentage
Side branch diameter 2.606 1.167-5.823 0.019 2.534 1.074-5.980 0.034
Time interval between two angiographies 1.014 1.000-1.028 0.047 1.016 1.001-1.031 0.033
Obtuse marginal 1 lesion 1.914 1.110-3.299 0.020
Obtuse marginal 2 lesion 3.224 1.348-7.709 0.009 4.575 2.715-12.207 0.002
Obtuse marginal 3 lesion 4.087 1.058-15.638 0.040 4.198 1.046-16.857 0.043

Cl - confidence interval; OR - odds ratio.
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were included in the study. Among these, 68 patients
(14 females and 54 males; mean age 67.95 + 10.31 years)
showed an increase in side branch stenosis percentage,
whereas 332 patients (64 females and 268 males; mean
age 65.82 + 9.76 years) did not. In 13 of the 332 patients
without increased stenosis percentage (four females and
nine males; mean age 61.07 = 11.55 years), a decrease in
stenosis percentage was observed.

An examination of the 68 patients with increased ste-
nosis revealed that in 24 cases, the second coronary angi-
ography was indicated solely due to an increased stenosis
percentage in the side branch, without any lesions in oth-
er arteries. Of these 24 patients, seven were diagnosed
with stable angina pectoris, 10 with unstable angina pec-
toris, and seven with acute subendocardial myocardial
infarction. Percutaneous coronary intervention (PCl) was
performed in five patients with unstable angina pectoris
and four patients with acute subendocardial myocardial
infarction. In the remaining 44 patients with an increased
stenosis percentage, both side branch lesions and lesions
in other major arteries had increased. Among these, PCI
was performed in one patient with lateral myocardial
infarction, three patients with posterior myocardial in-
farction, and six patients with subendocardial myocardial
infarction.

Comparison of patients’ presentation data

The comparison of demographic data, blood parameters,
and electrocardiographic and echocardiographic findings
between patients with and without an increased stenosis
percentage is presented in Tables 1 and 2. No statistica-
Ily significant differences were found between the two
groups regarding these parameters.

Comparison of angiographic findings

The comparison of angiographic findings is shown in Ta-
ble 3. Statistically significant differences were found be-
tween the two groups in terms of side branch stenosis
percentage in the index angiography (p = 0.001), side
branch vessel diameter (p = 0.012), time interval between
the two angiographies (p = 0.049), obtuse marginal 1 le-
sions (particularly ostial lesions; p = 0.006), and obtuse
marginal 2 lesions (p = 0.027).

To determine the correlation between the side branch
stenosis increase and the side branch stenosis percentage
in the index angiography, the Spearman correlation test
was performed, which yielded a correlation coefficient of
0.167 (p =0.001). In patients with an increased side branch
stenosis percentage, the receiver operating characteristic
curve analysis for stenosis percentage revealed a cut-off
value of 69.1% for the side branch stenosis percentage
in the index angiography, with a sensitivity of 52.7% and
a specificity of 77.5% (area under the curve: 0.622, 95%
confidence interval: 0.546-0.698, p = 0.002; Fig. 1).

To identify predictors of an increased side branch ste-
nosis percentage, univariate and multivariate regression
analyses were conducted (Table 4). According to the mul-
tivariate regression analysis, independent predictors of
side branch stenosis progression included the side branch
stenosis percentage in the index angiography (p <0.001),
side branch vessel diameter (p = 0.034), time interval be-
tween the two angiographies (p = 0.033), obtuse margin-

al 1 ostial lesion (p = 0.002), and obtuse marginal 2 ostial
lesion (p = 0.043).

Discussion

In this study, we investigated the outcomes of patients
with CAD and isolated significant side branch lesions, as
identified through coronary angiography, who were ma-
naged with medical therapy. The comparison of demo-
graphic data, blood parameters, and electrocardiographic
and echocardiographic findings between patients with
and without an increase in stenosis percentage revea-
led no statistically significant differences. However, the
comparison of angiographic stenosis values showed sta-
tistically significant differences between the two groups
concerning side branch vessel diameter, side branch ste-
nosis percentage in the index angiography, the time in-
terval between the two angiographies, and ostial lesions
in both obtusemarginal 1 and obtuse marginal 2.

Advancements in medical therapy options for CAD
have significantly improved the control of angina symp-
toms. Patients receive classical conservative treatments
(beta-blockers, angiotensin-converting enzyme inhibi-
tors, angiotensin receptor blockers, antiplatelet therapy,
and statins) as well as antianginal drugs (calcium channel
blockers, nitrates, ivabradine, trimetazidine, and rano-
lazine). For patients with refractory angina under these
therapies, PCI may be considered. However, PCl carries
risks of early complications such as bleeding, hyperacute
stent thrombosis, cerebral embolism, arterial injury, and
coronary dissection, as well as late complications such as
stent thrombosis, in-stent restenosis, and recurrent myo-
cardial infarction. Compared to major epicardial arteries,
coronary side branch lesions are relatively thinner, often
involve bifurcation lesions, and supply smaller myocar-
dial territories, making interventional procedures such
as balloon angioplasty or stent implantation challeng-
ing and risky. These complexities pose considerations for
operators regarding treatment decisions. While medical
and interventional therapies complement each other in
the management of CAD, studies have demonstrated the
superiority of one over the other in different contexts.’

In our study, among the 332 patients without an in-
creased stenosis percentage, no progression in existing
side branch lesions was observed over an average follow-
up of four years with medical therapy. Of the 68 patients
with increased stenosis percentage, only 19 underwent
PCl, as they presented with ACS and the culprit lesion
was considered to be in the side branch. The remaining
49 patients continued medical therapy for their coronary
side branch lesions. As a result, 381 patients, regardless
of stenosis progression, were managed with medical
therapy. Similar to our study, a multicenter ORBITA trial
conducted by Al-Lamee et al. in 2018 demonstrated no
superiority of PCl over medical therapy in patients with
significant epicardial coronary artery stenosis.® Howev-
er, unlike Al-Lamee et al., we focused on coronary side
branches, which are thinner and supply smaller myocar-
dial territories compared to epicardial coronary arteries,
and observed no progression in these lesions under medi-
cal therapy.
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When determining treatment options for patients
with significant coronary artery stenosis, the myocardial
territory supplied by the side branch should also be con-
sidered. In comparison to epicardial coronary arteries, the
area supplied by side branches is smaller. If the affected
myocardial territory exceeds 10%, a more detailed evalu-
ation for PCl should be undertaken. In a study by Hyung
et al., the impact of ischemia caused by side branch le-
sions on myocardial territory was assessed, and no corre-
lation was found between fractional flow reserve values
and stenosis percentage. However, a side branch vessel
length greater than 73 mm was deemed significant. The
authors also reported that only 20% of non-left main cor-
onary artery side branch lesions affected more than 10%
of myocardial tissue, as determined by fractional flow re-
serve and coronary computed tomography angiography.®
Based on these findings and our results, PCl should be
reconsidered for side branch lesions that affect less than
10% of the myocardial territory.

In the 2013 COURAGE trial by Spertus et al., the
12-month follow-up outcomes of optimal medical thera-
py and PCl in epicardial coronary arteries were compared.
No significant differences were observed in one-year sur-
vival, mortality, or myocardial infarction rates, except for
patients whose symptoms could not be controlled with
optimal medical therapy, for whom PCl was recommend-
ed.” In our study, the patients were followed up for an
average of 48 months, with medical therapy being the
primary treatment strategy. Only 19 patients presenting
with ACS and suspected culprit lesions in side branches
underwent PCl, while 381 patients with coronary side
branch lesions were managed with medical therapy.

Coronary artery side branch lesions are frequently ob-
served in the ostial segment."" Ostial coronary side branch
lesions are associated with certain serious complications
that may arise during interventional procedures. These
include the extension of dissection into the distal por-
tion of the main branch during stent implantation, inad-
equate coverage of the side branch ostium by the stent,
and the shifting of the lesion’s carina into the main vessel
due to insufficient pre-dilatation.’? Therefore, the deci-
sion to treat wide (>2 mm) ostial side branch lesions medi-
cally or interventionally remains controversial. In a study
conducted by Brueck et al. in 2004, interventional treat-
ment of diagonal artery ostial lesions with >75% stenosis
was found to be safe but did not reduce adverse cardiac
events or eliminate angina compared to medical thera-
py." Of the patients included in our study, 111 had ostial
side branch lesions, with 78 involving the diagonal artery
ostium and 33 involving the obtuse marginal artery os-
tium. During approximately four years of follow-up, no
progression was observed in diagonal ostial lesions (1,
2, or 3), whereas obtuse marginal ostial lesions (1 and 2)
demonstrated progression, which was statistically signifi-
cant. This could be attributed to the steeper angulation
of the obtuse marginal artery compared to the diagonal
artery and the relatively smaller caliber of the circumflex
artery compared to the left anterior descending artery,
resulting in reduced blood flow. Yiannis et al. proposed
that in bifurcation regions with significant coronary ar-
tery expansion, early disruption of intravascular laminar
blood flow led to reduced endothelial shear stress, which

stimulated atherogenesis, the formation of atherosclerot-
ic plaques, and vascular remodeling.’ In another study,
Peter et al. suggested that the more frequent occurrence
of atherothrombotic events in the ostial coronary seg-
ment was primarily due to the high shear stress at the
bifurcation region. This stress induced the release of nitric
oxide and matrix metalloproteinases, which promoted
the “outward remodeling” phenomenon, in which the
arterial wall remodeled toward the lumen. It is believed
that this outward remodeling increases blood flow, flow
velocity, and shear stress in the affected vessel, thereby
enhancing platelet activation and raising the possibility
of thrombosis formation.'™

A recent study by Torun et al. investigated the medi-
cal management of isolated ostial bifurcation lesions
and found no statistical differences compared to inter-
ventional treatment over an average follow-up of 36.6
months.’® In our study, we evaluated the outcomes of
medical treatment for lesions in the ostial and non-ostial
segments of side branches (proximal, mid, and distal).
Progression was observed in only the obtuse marginal 1
ostial and obtuse marginal 2 ostial lesions under medi-
cal treatment. In the aforementioned study, Torun et al.
investigated the follow-up outcomes of side branch ostial
lesions with both medical and interventional treatments.
In contrast, our research did not include an interventional
treatment arm; instead, it focused solely on the follow-up
results of patients treated with medical therapy.

Our study has certain limitations. First, the specific
coronary artery responsible for the symptoms in patients
with >50% stenosis in the second angiography was not
clearly identified. Second, both the group with increased
stenosis percentage and the group with no change in
stenosis were initiated on medium-to-high-dose lipid-
lowering therapy after the index angiography. However,
it was observed that the patients did not fully achieve
the current guideline targets during follow-up. Third, as
our study was retrospective, only the follow-up results
of patients who received medical treatment were exam-
ined. Therefore, this study does not provide information
on which treatment option is more beneficial for patients
with significant coronary side branch lesions.

Conclusion

Our study found that medical therapy generally preven-
ted progression in coronary artery side branch lesions,
supporting its use as an appropriate treatment appro-
ach for isolated coronary side branch lesions. However,
as highlighted by our findings, the follow-up of lesions,
particularly those involving the obtuse marginal, varies.
Therefore, we defer to interventional cardiologists on
whether the obtuse marginal artery should be considered
a side branch or a main branch.
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Uvod: Optimalni nacasovani zavedeni intraaortalni balonkové pumpy (intra-aortic balloon pump, IABP) pfi
vysoce rizikovém korondrnim bypassu (coronary artery bypass grafting, CABG) zlstdva predmétem sporu.
Zatimco predoperacné mUze IABP zajistit casnou stabilizaci hemodynamickych pomérd, peroperacni nebo
pooperacni zavedeni se typicky provadi jako zachranna lécba pfi zhorseni hemodynamickych pomérd. Cilem
této studie bylo zhodnotit vliv predoperacniho versus peroperacniho/pooperacniho zavedeni IABP na mor-
talitu a vysledny klinicky stav u pacient( pfi vysoce rizikovém CABG.
Metody: Systematicky prehled a metaanalyza byly provedeny podle metodiky PRISMA 2020. V databazich
PubMed a ScienceDirect byly vyhledany studie na dané téma publikované v obdobi mezi lednem 2000 a led-
nem 2025. Za vhodné byly povazovény studie zahrnuijici pacienty podstupujici vysoce rizikovy CABG a pfimo
srovnavajici zavedeni IABP pied operaci versus v pribéhu operace a po ni. Primarnim sledovanym paramet-
rem byla kratkodoba mortalita (nemocni¢ni nebo 30denni). Mezi sekundarni sledované parametry patfily
zavazné nezadouci kardiovaskularni pfihody (major adverse cardiac events, MACE), dlouhodoba mechanicka
ventilace, pobyt na JIP, pobyt v nemocnici a doba podpory pomoci IABP. Udaje byly hodnoceny metaanaly-
zou nahodnych Ucinkd s pouzitim softwaru RevMan 5.4.
Vysledky: Do analyzy bylo zafazeno 10 studii s 49 557 pacienty. Pfedoperacni zavedeni IABP bylo spojeno
se statisticky vyznamné snizenou nemocni¢ni mortalitou (OR 0,52; 95% Cl 0,33-0,81; p = 0,004) a 30denni
mortalitou (OR 0,12; 95% Cl 0,05-0,31; p < 0,001). Statisticky vyznamné nizsi byl i vyskyt MACE (OR 0,54; 95%
Cl 0,39-0,76; p < 0,001). Byl zaznamenén nizsi pocet piipad dlouhodobé mechanické ventilace (OR 0,38;
95% Cl 0,15-0,96; p = 0,04). Z&dné statisticky vyznamné rozdily v délce pobytu na JIP, v nemocnici, délce
mechanické ventilace i v délce podpory pomoci IABP nebyly zaznamenany.
Zavér: Predoperacni zavedeni IABP je spojeno s pfiznivéjsim kratkodobym preZitim a se snizenym vyskytem
perioperacnich komplikaci u pacientt podstupujicich vysoce rizikovy CABG; toto zjisténi hovori ve prospéch
- u peclivé vybranych jedincli - spiSe aktivni nez zachranné strategie.

© 2026, CKS.

ABSTRACT

Introduction: The optimal timing of intra-aortic balloon pump (IABP) insertion in high-risk coronary artery
bypass grafting (CABG) remains controversial. While preoperative IABP may provide early hemodynamic
stabilization, intraoperative or postoperative insertion is typically performed as rescue therapy after he-
modynamic deterioration. This study aimed to evaluate the impact of preoperative versus intraoperative/
postoperative |ABP insertion on mortality and clinical outcomes in high-risk CABG patients.

Methods: A systematic review and meta-analysis were conducted according to PRISMA 2020 guidelines.
PubMed and ScienceDirect were searched for studies published between January 2000 and January 2025.
Eligible studies included adult high-risk CABG patients directly comparing preoperative and delayed (intra-
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operative/postoperative) IABP insertion. The primary endpoint was short-term mortality (in-hospital or 30-
-day). Secondary outcomes included major adverse cardiac events (MACE), prolonged mechanical ventila-
tion, ICU stay, hospital stay, and duration of IABP support. Random-effects meta-analysis was performed
using RevMan 5.4.

Results: Ten studies comprising 49,557 patients were included. Preoperative IABP insertion was associated
with significantly reduced in-hospital mortality (OR 0.52; 95% CI 0.33-0.81; p = 0.004) and 30-day mortality
(OR 0.12; 95% Cl 0.05-0.31; p <0.001). Major adverse cardiac events were also significantly lower (OR 0.54;
95% ClI 0.39-0.76; p <0.001). Prolonged mechanical ventilation was reduced (OR 0.38; 95% Cl 0.15-0.96;
p = 0.04). No significant differences were observed in ICU stay, hospital stay, ventilation duration, or IABP
support duration.

Conclusion: Preoperative IABP insertion is associated with improved short-term survival and reduced peri-
operative complications in high-risk CABG patients, supporting a proactive rather than rescue strategy in

carefully selected individuals.

Introduction

Coronary artery bypass grafting (CABG) remains the stan-
dard revascularization strategy for patients with multive-
ssel coronary artery disease, significant left main stenosis,
or advanced left ventricular dysfunction." Contemporary
surgical techniques and perioperative care have substan-
tially improved outcomes; however, patients classified as
high risk, particularly those with reduced left ventricular
ejection fraction (LVEF), recent myocardial infarction, car-
diogenic shock, or complex coronary anatomy, continue
to experience considerable perioperative morbidity and
mortality.>? Operative mortality in this subgroup remains
clinically significant despite advances in risk stratificati-
on models such as the Society of Thoracic Surgeons (STS)
scoring system.* Optimizing perioperative hemodynamic
stability is therefore a critical component of management
in high-risk CABG.

Mechanical circulatory support devices are frequently
employed to stabilize these vulnerable patients. The intra-
aortic balloon pump (IABP) remains the most widely used
temporary support device in cardiac surgery due to its
relative simplicity, safety profile, and physiologic mecha-
nism of action.® Through diastolic counterpulsation, IABP
augments coronary perfusion pressure and reduces left
ventricular afterload, thereby improving myocardial oxy-
gen supply-demand balance and systemic perfusion.® Al-
though its role in cardiogenic shock has evolved with the
emergence of alternative support devices, IABP continues
to be commonly used in high-risk surgical populations.”

The optimal timing of IABP insertion in high-risk CABG
remains controversial. Preoperative insertion may provide
hemodynamic stabilization before induction of anesthe-
sia and initiation of cardiopulmonary bypass, potentially
reducing the incidence of low-cardiac-output syndrome
and major adverse cardiovascular events.®® Conversely,
intraoperative or postoperative insertion is typically re-
served for patients who develop hemodynamic compro-
mise, raising concerns regarding confounding by indica-
tion and delayed intervention. Contemporary studies and
meta-analyses report heterogeneous findings, with some
demonstrating survival benefit and others suggesting
neutral outcomes while highlighting device-related com-
plications.>'* Given evolving perioperative strategies and
variability in defining “high-risk” CABG, an updated sys-
tematic review and meta-analysis is warranted to clarify

the impact of IABP timing on mortality and major clinical
outcomes in contemporary practice.

Materials and methods

Search strategy and data sources

This study was conducted as a systematic review and me-
ta-analysis in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) 2020 guidelines. The study protocol was developed
prior to data extraction to minimize selection and analy-
tical bias.

A comprehensive literature search was performed in
PubMed and ScienceDirect for studies published between
January 1, 2000 and January 31, 2025. The following key-
words and Boolean operators were applied: (“intra-aortic
balloon pump” OR “IABP") AND (“coronary artery bypass
grafting” OR “CABG") AND (“preoperative” OR “intraop-
erative” OR “postoperative”) AND (“mortality” OR “clini-
cal outcomes”).

Only studies published in English were considered. Ref-
erence lists of eligible articles and relevant reviews were
manually screened to identify additional studies.

Eligibility criteria

Studies were included if they met the following criteria:
(1) Adult patients undergoing isolated CABG. (2) Classi-
fied as high-risk according to study-defined criteria (e.g.,
reduced LVEF <40%, cardiogenic shock, left main disease,
recent myocardial infarction, or hemodynamic instabili-
ty). (3) Direct comparison between preoperative IABP in-
sertion and intraoperative or postoperative insertion. (4)
Reported at least one relevant clinical outcome (in-hos-
pital mortality, 30-day mortality, major adverse cardio-
vascular events, duration of mechanical ventilation, ICU
stay, or hospital stay). (5) Observational cohort studies or
randomized controlled trials. Exclusion criteria were case
reports, editorials, reviews, conference abstracts without
full text, pediatric populations, studies without timing
comparison, and studies lacking extractable outcome
data.

Study selection
Two independent reviewers screened titles and abstracts
for eligibility. Full-text review was performed for po-
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tentially relevant studies. Disagreements were resolved
through discussion and consensus. The following data
were extracted using a standardized form: study design,
country of origin, publication year, sample size, patient
demographics, definition of high-risk status, timing of
IABP insertion, operative characteristics, and reported cli-
nical outcomes.

Quality assessment

Methodological quality of observational studies was as-
sessed using the Newcastle-Ottawa Scale (NOS). Studies
scoring >7 were considered high quality. Risk of bias was
independently evaluated by two reviewers.

Outcome measures

The primary endpoint was short-term mortality, defined
as in-hospital mortality or 30-day mortality. Secondary
endpoints included: Major adverse cardiovascular events
(MACE), Prolonged mechanical ventilation, Duration
of mechanical ventilation, Length of intensive care unit
(ICU) stay, and Length of hospital stay.

Statistical analysis
Meta-analysis was performed using Review Manager
(RevMan) version 5.4. Dichotomous outcomes were ana-
lysed using risk ratios (RR) with 95% confidence intervals
(CI). Continuous variables were pooled using mean diffe-
rences (MD) with 95% CI.

A random-effects model (DerSimonian-Laird method)
was applied due to expected clinical heterogeneity across

studies. Statistical heterogeneity was assessed using the 12
statistic, with values >50% considered indicative of sub-
stantial heterogeneity.

Sensitivity analyses were performed by sequential ex-
clusion of individual studies. Publication bias was evalu-
ated using funnel plot inspection when >10 studies were
available for a given outcome. A p-value <0.05 was con-
sidered statistically significant.

Results

Study selection

The systematic search identified 3,606 records from
electronic databases, including 3,007 from ScienceDi-
rect and 599 from PubMed. After removal of 360 du-
plicate records, 3,246 studies remained for title and
abstract screening. During initial screening, 3,182 re-
cords were excluded due to non-human studies (n =
811), irrelevant topics (n = 1,305), review articles (n =
1,021), and non-English publications (n = 45). A total
of 64 full-text articles were retrieved and assessed for
eligibility. Of these, 54 studies were excluded for the
following reasons: inappropriate study design (n = 2),
irrelevant outcomes (n = 2), lack of full-text availabi-
lity (n = 14), and absence of clearly defined timing of
IABP insertion (n = 36). Ultimately, 10 studies met the
inclusion criteria and were included in the systematic
review and meta-analysis. The study selection process is
summarized in Figures 1 and 2.

=
-% Records identified from*: Record; removed before screening:
B  ScienceDirect (n = 3,007) ¢ Duplicate records re;moygd (n =360)
E= « PubMed (n = 599) ! * Records rparked as ineligible by
g automation tools (n = 0)
Records screened Records excluded
(n=3,246) e Non-human studies (n = 811)
e |rrelevant (n = 1,305)
e Review articles (n = 1,021)
o * Non-English article (n = 45)
= Y
o
S Reports sought for retrieval Reports not retrieved
(n=64) (n=0)
v
Reports assessed for Reports excluded (n = 54), due to:
eligibility (n = 64) ¢ Irrelevant study design (n = 2)
¢ Irrelevant outcomes (n = 2)
¢ No full text (n = 14)
v * No specific timing of insertion
described (n = 36)
2 - .
= Studies included in
= systematic review (n = 10)

Fig. 1 - PRISMA 2020 flow diagram for included studies.
Identification of studies via databases and registers
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Marra et al 2002 50 76 30 59.8 48 30 335% -9.80[-41.97,2237] —
Total (95% CI) 203 247 100.0% -9.81[-41.28, 21.66] ’
Heterogeneity: Tau= 500.28; Chi*= 6.35, df = 2 (P = 0.04); F= 68% + + + + +
Test for overall effect Z= 0.61 (P = 0.54) -100 0 o oo . 100
i ‘ Preoperative IABP Intra/Postoperative IABP
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Boning etal 2012 27 119 26 37 306% 0.12[0.05,0.28] ——
Diez etal 2008 21 62 51 113 33.9% 0.62(0.33,1.18] —a—r
Qiu et al 2009 38 115 47 106 35.5% 0.62[0.36,1.07] —a—
Total (95% CI) 296 256 100.0% 0.38 [0.15, 0.96] -
Total events 86 124
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Preoperative IABP  Intra/Postoperative IABP

Fig. 2 - Forest plot of the meta-analysis. (A) Inhospital mortality. (B) 30-day mortality. (C) Major adverse cardiac events (MACE). (D) Length
of hospital stay. (E) Length of ICU stay. (F) Duration of mechanical ventilation. (G) Prolonged of mechanical ventilation. (H) Duration of IABP
support.
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Study characteristics

A total of 10 studies met the inclusion criteria and were
included in the final analysis. Nine studies were retro-
spective cohort designs,'*'*?"-Zwhile one study was a pro-
spective randomized trial.?° The studies were conducted
across Europe, Asia, and Australia. Definitions of high-risk
CABG varied among studies but commonly included redu-
ced left ventricular ejection fraction (LVEF <30-40%),s-2"
elevated operative risk scores such as EuroSCORE,'"®'® or
clinical instability and emergent presentation.'** Preo-
perative IABP was generally inserted prophylactically in
high-risk or hemodynamically unstable patients,'#16.17:20.23
whereas intraoperative or postoperative IABP was typi-
cally initiated in response to failure to wean from cardio-
pulmonary bypass or development of postoperative low
cardiac output syndrome.'®'%22 Despite heterogeneity in
study design and risk stratification, all studies directly
compared outcomes between preoperative and delayed
IABP insertion strategies.'?3

Baseline demographics and clinical characteristics
Most cohorts included high-risk CABG populations defi-
ned by reduced LVEF, hemodynamic instability, emergent
status, or elevated operative risk scores.’®'%2223 The pro-
portion of female patients ranged from 14% to 40% in
preoperative IABP groups and from 22% to 37% in in-
traoperative/postoperative groups.''*? Mean age was
generally comparable across intervention arms, ranging
between 63 and 72 years.

Comorbidity burden was substantial across studies.
Diabetes mellitus prevalence ranged from approximately
19% to 43% when reported, and hypertension was pres-
ent in up to 90% of patients in certain cohorts. Prior
cerebrovascular accident was reported in a minority of
patients, generally below 20%. Left ventricular dysfunc-
tion was a defining feature in several studies, particularly
in Marra et al.?° and Qiu et al.,?" both of which specifi-
cally enrolled patients with severe LVEF impairment. Jos-
kowiak et al.” reported impaired LV function (EF <40%)
in 68% of preoperative IABP patients. Left main disease
and triple-vessel disease were common across multiple
cohorts, particularly in Kang et al.?® and Ramnarine et al.??

Overall, baseline characteristics were broadly compa-
rable between preoperative and intraoperative/postop-
erative IABP groups within individual studies, without
consistent systematic imbalance across cohorts.'23

In-hospital mortality

All ten studies reported in-hospital mortality. Preopera-
tive IABP insertion was associated with lower mortali-
ty in several cohorts, including Boéning et al." (6.7% vs
37.8%), Ding et al."” (6.0% vs 16.4%), Marra et al.?° (6.7%
vs 23.3%), Qiu et al.?' (2.6% vs 3.8%), and Christenson et
al.’® (9.4% vs 24.4%). Comparable mortality rates were re-
ported in Healy et al.’® and Joskowiak et al.,” while Kang
et al.2 demonstrated similar outcomes between groups.
Ramnarine et al.?2 reported higher mortality in patients
requiring delayed IABP insertion.

Pooled meta-analysis (10 studies; n = 49,557) demon-
strated significantly reduced in-hospital mortality with
preoperative IABP (OR 0.52; 95% Cl 0.33-0.81; p = 0.004;
12 =73%).

30-day mortality

Thirty-day mortality was reported in selected studies.
Healy et al.”® demonstrated significantly lower 30-day
mortality in the preoperative group (5.8% vs 26.5%).
Meta-analysis confirmed significant reduction in 30-day
mortality (OR 0.12; 95% Cl 0.05-0.31; p <0.001; 12 = 0%).

Major adverse cardiac events (MACE)

Reduced MACE rates with preoperative IABP were ob-
served in Diez et al."® (46.8% vs 57.5%), Ding et al.”
(11.2% vs 25.0%), Qiu et al.?" (10.4% vs 18.9%), and Ram-
narine et al.?? (5.8% vs 8.1%). Meta-analysis confirmed
significant reduction in MACE (OR 0.54; 95% Cl 0.39-0.76;
p <0.001; 12 = 8%).

Length of hospital stay

Diez et al.’® reported shorter hospitalization in the preo-
perative group (15 % 2.6 vs 20 = 4.1 days), whereas Healy
et al.”® reported comparable durations. Pooled analysis
did not demonstrate statistical significance (MD -2.02
days; 95% Cl -4.96 t0 0.92; p = 0.18; 12 = 85%).

Length of ICU stay

Shorter ICU stay with preoperative IABP was reported in
Diez et al."® and Marra et al.,?° while Joskowiak et al.”
demonstrated similar durations between groups. Meta-
-analysis showed no statistically significant difference
(MD -1.08 days; 95% Cl -4.23 to 2.07; p = 0.12; 12 = 83%).

Duration of mechanical ventilation

Ding et al."” and Marra et al.? reported shorter ventilati-
on duration in the preoperative group, whereas Joskowi-
ak et al.” observed longer duration in early IABP pati-
ents. Meta-analysis showed no significant difference (MD
-9.81 hours; 95% Cl -41.28 to 21.66; p = 0.54; 12 = 68%).

Prolonged mechanical ventilation

Lower prolonged ventilation rates were reported in Bo-
ning et al.,' Diez et al.,’® and Qiu et al.?' in the preope-
rative groups. Pooled analysis demonstrated significant
reduction (OR 0.38; 95% ClI 0.15-0.96; p = 0.04; 12 = 83%).

Duration of IABP support

Shorter IABP duration in preoperative groups was repor-
ted in Ding et al.,"”” Marra et al.,®® and Qiu et al.?' Meta-
-analysis did not show statistical significance (MD -13.59
hours; 95% Cl —37.02 to 9.85; p = 0.26; 12 = 93%).

Discussion

This meta-analysis demonstrates that preoperative intra-
-aortic balloon pump (IABP) insertion in high-risk CABG
patients is associated with significant reductions in in-
-hospital and 30-day mortality, as well as lower incidence
of major adverse cardiac events and prolonged mechani-
cal ventilation. These findings are consistent with seve-
ral earlier observational studies'®?2 and align with prior
meta-analyses suggesting benefit of prophylactic IABP in
high-risk surgical populations.®'® However, unlike earlier
analyses conducted in the pre-modern surgical era, the
present study includes contemporary cohorts, thereby
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strengthening the external validity of the mortality signal
in current practice.

The biological plausibility of early IABP support is
supported by well-established hemodynamic principles.
Counterpulsation augments diastolic coronary perfusion
and reduces left ventricular afterload, thereby improving
myocardial oxygen supply-demand balance.>¢ In patients
with severely impaired ventricular function, surgical stress
and cardiopulmonary bypass may precipitate further myo-
cardial injury and low cardiac output syndrome.?* Early
hemodynamic unloading before anesthetic induction may
attenuate ischemia-reperfusion injury and reduce suben-
docardial hypoperfusion. This is particularly relevant in
patients with severe left ventricular dysfunction, a pop-
ulation shown in the STICH and STICHES trials to derive
long-term survival benefit from surgical revasculariza-
tion,*? but who remain at high perioperative risk.

Importantly, the timing of IABP insertion appears to
be a critical determinant of outcome. Intraoperative or
postoperative IABP deployment often reflects failure to
wean from bypass or established hemodynamic collapse,?
a scenario associated with worse prognosis independent
of support strategy.?® The IABP-SHOCK Il trial demon-
strated no mortality benefit of routine IABP use in acute
myocardial infarction complicated by cardiogenic shock,?
however, extrapolation of these findings to elective or
urgent CABG populations is inappropriate. Cardiogenic
shock represents a distinct pathophysiologic entity charac-
terized by systemic inflammatory response and microvas-
cular dysfunction,?® whereas perioperative CABG patients
experience controlled ischemia-reperfusion injury under
cardioplegic protection. Thus, the absence of benefit in
shock trials does not negate potential benefit in prophy-
lactic surgical settings.

Although mortality and MACE outcomes demonstrated
consistent benefit, resource-utilization outcomes such as
ICU stay and hospital length of stay did not reach statisti-
cal significance and were characterized by substantial het-
erogeneity. Similar variability has been reported in prior
surgical meta-analyses of mechanical circulatory support.?
This heterogeneity likely reflects institutional differences
in extubation protocols, enhanced recovery pathways,
and criteria for IABP weaning rather than absence of
clinical effect. Furthermore, improvements in myocardial
protection, anesthetic management, and perioperative
critical care over the past two decades,’? may attenuate
measurable differences in length-of-stay metrics despite
persistent survival benefit.

The predominance of observational studies remains an
important limitation and introduces the possibility of con-
founding by indication. However, consistent directional-
ity of effect across geographically diverse cohorts'*?* and
the strong pooled reduction in 30-day mortality support
the robustness of the findings. Moreover, contemporary
revascularization guidelines emphasize individualized
risk stratification and multidisciplinary decision-making in
complex coronary disease.*® Within this framework, se-
lective prophylactic IABP use in patients with severe ven-
tricular dysfunction, left main disease, or elevated opera-
tive risk scores may represent a rational adjunct to surgical
strategy rather than routine application.

In summary, this analysis supports a proactive approach
to mechanical circulatory support in carefully selected
high-risk CABG patients. Preoperative IABP insertion ap-
pears to mitigate perioperative risk and improve early sur-
vival, whereas delayed insertion may reflect irreversible
hemodynamic deterioration. Future multicenter random-
ized trials in the era of modern myocardial protection and
enhanced recovery protocols are warranted to further re-
fine patient selection and confirm causality.

Conclusion

In high-risk patients undergoing coronary artery bypass
grafting, preoperative intra-aortic balloon pump insertion
is associated with significantly reduced in-hospital and 30-
day mortality, as well as lower incidence of major adverse
cardiac events and prolonged mechanical ventilation com-
pared with intraoperative or postoperative deployment.
These findings support the concept that early hemodyna-
mic stabilization before surgical stress and cardiopulmo-
nary bypass may mitigate perioperative myocardial injury
and improve short-term survival.
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Kontext: Pandemie covidu-19 vyznamné ovlivnila kardiovaskularni zdravi populace na celém svété. Cilem
této studie bylo zjistit, jak pandemie covidu-19 ovlivnila vysledny stav - béhem hospitalizace i v dlouho-
dobém horizontu (1 roku) - pacientll po infarktu myokardu s elevacemi Useku ST (ST elevation myocardial
infarction, STEMI), u nichz byla provedena primarni perkutanni koronarni intervence (PPCI).
Metody: Do této retrospektivni observacni studie bylo zafazeno 317 pacientli po STEMI, lé¢enych v obdobi
od 1. biezna 2019 do 28. Unora 2022 primarni perkutanni korondarni intervenci. Pacienti byli rozdéleni do
skupiny A (obdobi pfed pandemii, n = 107), skupiny B1 (béhem pandemie, bez diagnézy covidu-19, n = 169)
a skupiny B2 (béhem pandemie, s potvrzenou diagnézou covidu-19, n = 41). Mezi analyzované parametry
patfily klinické charakteristiky, nemocni¢ni komplikace po PCl, délka pobytu v nemocnici a vysledny stav po
jednoletém sledovanim (opétovny pfijem pro bolest na hrudi a mortalita).
Vysledky: Nejcastéjsi nemocni¢ni komplikaci po PCl bylo srdecni selhdni, které se vyskytlo u statisticky vy-
znamné vétsiho poctu pacientu s diagndzou covid-19 (skupina B2) ve srovnani s pacienty hospitalizovanymi
pred pandemii (48,8 % vs. 24,3 %; p = 0,004). U pacientd skupiny B2 bylo rovnéz zaznamenan vy3si vyskyt
kardiogenniho Soku (29,3 % vs. 6,5 %; p < 0,001), kontrastni latkou indukované nefropatie (22,0 % vs. 8,4 %;
p = 0,024) a statisticky vyznamné delsi pobyt v nemocnici (9,27 + 5,30 vs. 4,20 + 3,26 dni; p < 0,001). Naopak
pacienti bez infekce onemocnénim covid-19 béhem pandemie zlstavali v nemocnici kratsi dobu (3,14 + 2,40
dne; p = 0,004). Po jednom roce sledovéni byl opétovny pfijem do nemocnice pro bolest na hrudi castéjsi
pred pandemii, pficemz jednoro¢ni mortalita byla ve vSech skupinach srovnatelna.
Zavér: U pacientl s diagnézou infekéniho onemocnéni covid-19, ktefi prodélali STEMI a nasledné byli [éceni
PPCl, bylo pfitomno vyssi riziko nemocni¢nich komplikaci po PCl i delsi hospitalizace, i kdyz jednoro¢ni mor-
talita zUstala srovnatelna s hodnotami pied pandemii.

© 2026, CKS.

ABSTRACT

Background: The COVID-19 pandemic significantly impacted cardiovascular outcomes worldwide. This study eva-
luated the impact of the COVID-19 pandemic on in-hospital and long-term (1-year) outcomes in patients with
ST-elevation myocardial infarction (STEMI) undergoing primary percutaneous coronary intervention (PPCI).
Methods: This retrospective observational study included 317 STEMI patients treated with PPCl between
March 1, 2019, and February 28, 2022. Patients were categorized into group A (pre-pandemic, n = 107),
group B1 (during pandemic, non-COVID-19, n = 169), and group B2 (during pandemic, confirmed COVID-19,
n = 41). Clinical characteristics, in-hospital post-PCl complications, hospital stay duration, and 1-year follow-
-up outcomes (readmission for chest pain and mortality) were analyzed.

Results: Heart failure was the most common in-hospital post-PClI complication, occurring significantly more
in COVID-19 patients (group B2) compared to pre-pandemic patients (48.8% vs. 24.3%, p = 0.004). Group
B2 patients also experienced higher rates of cardiogenic shock (29.3% vs. 6.5%, p <0.001), contrast-induced
nephropathy (22.0% vs. 8.4%, p = 0.024), and significantly longer hospital stays (9.27 + 5.30 vs. 4.20 + 3.26
days, p <0.001). Conversely, non-COVID-19 patients during the pandemic had shorter hospital stays (3.14 =
2.40 days, p = 0.004). At the 1-year follow-up, hospital readmission for chest pain was more frequent before
the pandemic, whereas 1-year mortality rates remained comparable across all groups.

Conclusion: STEMI patients with concomitant COVID-19 infection undergoing PPCI face higher risks of in-
-hospital post-PCl complications and prolonged hospitalization, though 1-year mortality rates remain com-
parable to pre-pandemic.
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Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), also known as coronavirus disease 2019
(COVID-19), is one of the most widely spread viruses in the
recent era, affecting more than 10 million cases all over
the globe (and numbers are increasing daily). It is one of
the coronavirus’s family along with the severe acute re-
spiratory syndrome (SARS) virus and the influenza A virus
H1N1 virus." COVID-19 was announced as a worldwide
pandemic by the WHO on January 30, 2020, and in Febru-
ary 2020, the Egyptian Ministry of Health announced the
first case of COVID-19. By March 9, 2020, it had spread to
more than 100 countries all over the globe.?*

At the start of the pandemic, the main symptoms and
effects of COVID-19 were related to the respiratory sys-
tem. Still, shortly it was noticed and reported to affect the
cardiovascular system seriously. This effect was associated
with the pathological effect of the virus, the impact of
quarantine and social distancing measures, and even the
effect of anti-COVID-19 medications.* In addition to the
burden of the COVID-19 infection, the presence of previ-
ous cardiovascular disorders is associated with a high risk
of mortality.> An increase in cardiovascular incidents was
noticed during the COVID-19 era compared to periods be-
fore the pandemic. COVID-19 patients were at higher risk
for arrhythmias such as paroxysmal supraventricular ta-
chycardia, atrial fibrillation, sinus bradycardia, and ventri-
cular tachycardia. A prolonged QT interval was observed
more in patients who received any experimental medica-
tion regimen against SARS-CoV-2.57

It was noticed that despite the risk of myocardial in-
jury caused by COVID-19, many patients with acute co-
ronary syndrome were reluctant to seek medical services
due to the fear of catching the infection at the medical
facilities, and a delay in acute coronary syndrome pa-
tients’ presentation, referral, and transfer worldwide
was reported.® COVID-19 affected the demographic
and angiographic characteristics of STEMI patients, and
a decreased number of presentations was noticed with
a longer total ischemic time and more hospital-related
major complications and long-term impact compared to
pre-pandemic.®

Methods

Study population

This study retrospectively included all STEMI patients who
underwent primary PCl and were either hospitalized or
presented to the emergency department at Cairo Uni-
versity Hospital and a private hospital between March 1,
2019, and February 28, 2022, and had a complete medical
record.

Inclusion criteria

This study included patients diagnosed with STEMI who
presented within 12 hours of symptom onset. The STEMI
diagnosis was based on the 2017 ESC guidelines for STEMI
management.’

Exclusion criteria
1. Patients who presented after more than 12 hours from
symptom onset.

. Age less than 18 years old.

. Pregnant ladies.

4. Patients who refused to sign a consent form for prima-
ry PCl.

5. Revascularization by acute thrombolysis or pharmaco-
-invasive strategy.

6. Patients who developed cardiac arrest, did not respond
to CPR, and declared death before reaching the cath lab.

w N

Methodology

The study retrospectively included patients diagnosed

with STEMI who were treated with primary percutane-

ous coronary intervention between March 1, 2019, and

February 28, 2022. This was a retrospective observatio-

nal study, and data were collected anonymously. The in-

vestigators took all necessary precautions to ensure data
privacy. STEMI diagnosis was based on the 2017 ESC gui-
delines for STEMI management. Patients exhibiting sym-
ptoms suggestive of COVID-19 were referred for a chest
CT without contrast. Laboratory tests, including complete
blood count, C-reactive protein (CRP), and serum ferri-
tin, were conducted. COVID-19 was confirmed through
reverse transcription-polymerase chain reaction (RT-PCR)
assays or through clinical symptoms and CT chest findings
consistent with COVID-19.
The study population was classified into two groups:
e Group A: STEMI patients who presented before the
COVID-19 pandemic (from March 1, 2019 to February
29, 2020).
e Group B: STEMI patients who presented during the
COVID-19 pandemic (from March 1, 2020 to February
28, 2022); this group will be divided into two subgroups:
- Group B1: STEMI patients who presented during CO-
VID-19 pandemic, and do not have a confirmed dia-
gnosis of COVID-19.

- Group B2: STEMI patients who presented during the
COVID-19 pandemic and had a confirmed diagnosis of
COVID-19.

Clinical and demographic data for all patients were ga-
thered from the hospital database and medical records,
including a full history of the current condition, the pre-
senting symptoms and signs, history of comorbidities
and risk factors. A standard 12-lead ECG at first medical
contact, post-PCl, and follow-up during hospital stay.
Additional laboratory tests (CRP, serum ferritin, and D-di-
mer) were done for patients with symptoms suspicious of
COVID-19, and the diagnosis was confirmed with rever-
se transcription-polymerase chain reaction assays (PCR).
Procedural observations reported for the access site, the
culprit artery, the site of the lesion, Final Thrombolysis In
Myocardial Infarction (TIMI) flow.™

Follow-up and documentation for in-hospital com-
plications, including: dissection, cardiogenic shock, con-
trast-induced nephropathy, significant bleeding, access
site hematoma, post-MI decompensated heart failure,
development of arrhythmia, and the type of arrhythmia
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that developed during the hospital stay, post-MI arrest,
and in-hospital mortality. One-year follow-up for morta-
lity due to cardiac causes and for rehospitalization due
to chest pain was collected either by phone call to the
patients or from the patients’ hospital medical files.

Statistical analysis

All statistical studies were conducted using Statistical Pac-
kage for Social Sciences software (SPSS 20.0 for Windows,
SPSS Inc., Chicago, IL). The quantitative variables are ex-
pressed as mean + standard deviation (SD). Non-normally
distributed variables were expressed as median and in-
terquartile range (IQR). Categorical variables were expre-
ssed in numbers and percentages. Comparisons between
two groups were performed using the Student’s t-test or
Mann-Whitney U test for continuous variables, and the
Chi-square or Fisher’s exact test for categorical variables.
A p-value <0.05 was considered statistically significant.

Table 1 - Comparison of the risk profile and clinical presentation

Results

This study enrolled 317 patients diagnosed with STEMI
and were treated with primary percutaneous coronary
intervention (PPCl). The study population was classified
into three groups: Group A (107 patients, 33.8%), group
B1(169 patients, 53.3%), and group B2 (41 patients,
12.9%).

Comparison between group A

(Before the COVID-19 pandemic) and group B1

(no confirmed diagnosis of COVID-19)

I. Risk profile and clinical presentation

A history of previous coronary heart disease was repor-
ted in 27 patients (25.2%) of group A and 46 (27.2%) of
group B1 (p = 0.716). There was no significant difference
in the risk profile and clinical presentation between both
groups. Table 1 shows a comparison of the risk profile and
clinical presentation.

Group A
(before pandemic)
(total n 107)

Age (years) (mean + SD)* 55.36 = 11.90
Gender (N, %) Male 95 88.8%
Smoking Smoker 57 53.3%
(N, %)’ Ex-smoker 15 14.0%
HTN (N, %)" 58 54.2%
DM (N, %) 46 43.0%
Dyslipidemia (N, %) 66 61.7%
PAD (N, %) 12 11.2%
Previous CHD STEMI 8 7.5%
i 2 NSTEMI 8 7.5%
(€e)) 10 9.3%
UA 1 0.9%
STEMI + CABG 0 0.0%
NSTEMI + CABG 0 0.0%
CKD (N, %)" 8 7.5%
Presentation Chest pain 100 93.5%
(Nl s0B 5 4.7%
Palpitation 0 0.0%
Arrest 2 1.9%
Syncope 0 0.0%
Vomiting 0 0.0%
Systolic BP (mmHg), (mean + SD)" 132.80 +21.75
Diastolic BP (mmHg), (mean = SD)" 78.64 + 18.20
HR (beat/min), (mean = SD)* 84.70 + 17.16

Group B1 p-value  Group B2 p-value
(non-COVID-19) (CoVID-19)

(total n 169) (total n 41)

53.95 + 12.38 0.348 55.02 + 13.69 0.882
152 89.9% 0.760 33 80.5% 0.186
106 62.7% 0.120 17 41.5% 0.199
20 11.8% 0.595 6 14.7 0.923
92 54.4% 0.970 20 48.8% 0.554
72 42.6% 0.949 14 34.1% 0.327
109 64.5% 0.636 23 56.1% 0.535
12 7.1% 0.237 2 4.9% 0.238
8 4.7% 0.342 2 4.9% 0.727
7 4.1% 0.234 1 2.4% 0.445
22 13.0% 0.353 4 9.8% 1.00
5 3.0% 0.250 0 0.0% 1.00
2 1.2% 0.374 0 0.0% =

2 1.2% 0.374 1 2.4% 0.277
10 5.9% 0.609 4 9.8% 0.738
158 94.0% 0.843 33 80.5% 0.019
7 4.2% 0.841 3 7.3% 0.685
1 0.6% 0.611 1 2.4% 0.277
1 0.6% 0.336 3 7.3% 0.130
0 0.0% = 1 2.4 0.277
1 0.6% 0.611 0 0.0% =
132.07 £ 22.42 0.792 122.55 + 22.99 0.015
80.28 = 17.20 0.456 72.84 £15.58 0.083
82.55 + 15.64 0.288 75.47 £ 26.31 0.016

BP - blood pressure; CABG - coronary artery bypass graft; CCD — chronic coronary disease; CHD — coronary heart disease; CKD - chronic kid-
ney disease; DM - diabetes mellitus; HR — heart rate; HTN - hypertension; NSTEMI - non-ST-elevation myocardial infarction; PAD - periphe-
ral artery disease; SOB - shortness of breath; STEMI — ST-elevation myocardial infarction; UA — unstable angina.

* Data is presented by numbers (N) and percentages (%). ¥ Data is presented by mean and standard deviation (SD).
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Table 2 - Comparison of complications

Group A Group B1 p-value Group B2 p-value

(Before pandemic) (Non-COVID-19) (CoVID-19)

(total n 107) (total n 169) (total n 41)

N %" N %" N %"
Dissection 1 0.9 1 0.6 0.626 2 49 0.186
Shock 7 6.5 1 6.5 0.991 12 29.3 < 0.001
CIN 9 8.4 10 5.9 0.425 9 22.0 0.024
Bleeding 3 2.8 6 3.6 0.513 2 4.9 0.617
Hematoma 13 12.1 18 10.7 0.701 13 31.7 0.005
Heart failure 26 243 30 17.8 0.188 20 48.8 0.004
Arrest 12 1.2 1 6.5 0.168 8 19.5 0.186
In-hospital mortality 4 3.7 3 1.8 0.264 5 12.2 0.116
Arrythmia
VT 6 5.6 6 3.6 0.414 2 4.9 1.00
AF 4 3.7 4 2.4 0.376 3 7.3 0.396
VF 1 0.9 5 3.0 0.250 2 4.9 0.1863
SVT 3 2.8 0 0.0 0.057 0 00 0.561
CHB 0 0.0 1 0.6 0.612 2 4.9 0.075

AF - atrial fibrillation; CHB — complete heart block; CIN - contrast-induced nephropathy; VF — ventricular fibrillation; VT - ventricular tachy-

cardia.
* Data is presented by numbers (N) and percentages (%).

Il. Complications

Heart failure was the most common in-hospital post-
-PCl complication, with no significant difference in other
complications between the two groups. Table 2 presents
a comparison of complications.

lll. Hospital stay duration

Group B1 had a shorter hospital stay, with a mean dura-
tion of 3.14 + 2.40 days compared to 4.20 + 3.26 days in
group A, p =0.004, p = 0.31, p = 0.024).

IV. One-year follow-up

At the one-year follow-up, 8 patients from group A and
10 patients from group B1 were lost to follow-up. There
was no significant difference in one-year readmission due
to chest pain, with readmission rates of 47.5% in group
A and 32.1% in group B1 (p = 0.013). Similarly, the one-
-year mortality rate was 12.1% in group A and 6.4% in
group B1 (p =0.110).

Comparison between Group A

(before the COVID-19 pandemic) and group B2
(confirmed diagnosis of COVID-19)

I. Risk profile and clinical presentation

A history of previous coronary heart disease was reported
in 27 patients (25.2%) in group A and 8 patients (19.5%)
in group B2 (p = 0.464). Chest pain was a more common
presentation in group A. Systolic blood pressure and he-
art rate were significantly lower in group B2. There were
no significant differences in other risk factors or clinical
presentation between groups A and B2. Table 1 shows
a comparison of the risk profile and clinical presentation.

Il. Complications

Heart failure was the most common complication in both
groups. Cardiogenic shock, contrast-induced nephro-
pathy (CIN), puncture site hematoma, and heart failure
were more frequent in group B2. Table 2 presents a com-
parison of complications.

lll. Hospital stay duration

Group B2 had a significantly longer hospital stay (9.27 +
5.30 days) compared to group A (4.20 + 3.26 days, p <
0.001).

IV. One-year follow-up

At the one-year follow-up, 8 patients from group A and
6 patients from group B2 were lost to follow-up. One-
year readmission due to chest pain was higher in group
A (47.5% versus 20.0%, p = 0.004), while the one-year
mortality rate was comparable between groups A and B2
(12.1% versus 11.4%, p = 0.591).

Discussion

Coronavirus Disease 2019 (COVID-19) is one of the most
widely spread viruses in recent history. During the pan-
demic, there was an increase in cardiovascular incidents
compared to the pre-pandemic period. It became clear
that the COVID-19 pandemic influenced the demogra-
phic and angiographic characteristics of STEMI patients.
Our study compared STEMI patients before the pandemic
with those during the pandemic, distinguishing between
those with no confirmed COVID-19 diagnosis and those
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with a confirmed diagnosis. This approach differs from
most studies, which compared patients before and during
the pandemic without considering the COVID-19 status.

Risk profile and clinical presentation

There was no significant difference in gender between
the groups, with males being the predominant gender
in all groups (88.8% before the pandemic, 89.9% in non-
COVID-19 patients, p = 0.760, and 80.5% in COVID-19
patients, p = 0.186). Other studies comparing the pre-
pandemic and pandemic eras align with our findings,
such as Sherif Ayad et al."? (85.7% vs. 81.5%, p = 0.607),
and Callum Little et al.” (78.0% vs. 80.0%, p = 0.510).
However, John Coughlan et al. ' reported a higher per-
centage of male patients before the pandemic (100% vs.
55.0%, p = 0.014). There was no significant difference in
the prevalence of smoking (53.3% before the pandemic,
62.7% in non-COVID-19 patients, p = 0.120, and 41.5%
in COVID-19 patients, p = 0.199). Other studies reported
similar findings: Sherif Ayad et al."? (57.1% vs. 45.6%, p =
0.364), Chun Kwok et al." (40.9% vs. 38.1%, p = 0.260).
In contrast, Callum Little et al.”® found higher smoking
rates in patients before the pandemic (55.7% vs. 41.6%,
p <0.001). Similarly, we found no significant difference in
the rates of hypertension (54.2% before the pandemic,
54.4% in non-COVID-19 patients, p = 0.970, and 48.8%
in COVID-19 patients, p = 0.554). These results are consis-
tent with findings from other studies: Sherif Ayad et al."
(42.9% vs. 39.6%, p = 0.411), Chun Kwok et al.”™ (43.2%
vs. 39.4%, p = 0.067). However, Mustafa Erol et al.® re-
ported a higher prevalence of hypertension during the
pandemic (38.4% vs. 45.6%, p = 0.013). Regarding diabe-
tes, there was no significant difference in its prevalence
(43.0% before the pandemic, 42.6% in non-COVID-19
patients, p = 0.949 and 34.1% in COVID-19 patients, p =
0.327). This finding is consistent with previous studies,
such as Sherif Ayad et al."? (35.7% vs. 35.2%, p = 0.521),
John Coughlan et al."™ (0% vs. 22.0%, p = 0.142). How-
ever, Xuhe Gong et al."” reported a significantly higher
prevalence of diabetes during the pandemic (21.3% vs.
35.5%, p = 0.014). The prevalence of dyslipidemia re-
mained similar in all groups (61.7% before the pandemic,
64.5% in non-COVID-19 patients, p = 0.636 and 56.1% in
COVID-19 patients, p = 0.535). This pattern is consistent
with findings from several studies, including Sherif Ayad
et al."? (50.0% vs. 45.2%, p = 0.501), Chun Kwok et al.?
(34.9% vs. 32.8%, p = 0.290). Conversely, Mustafa Erol
et al.’® reported a significantly higher incidence of dys-
lipidemia among patients during the pandemic (9.4% vs.
22.3%, p <0.001). We found no significant difference in
the prevalence of previous coronary heart disease (25.2%
before the pandemic, 27.2% in non-COVID-19 patients,
p = 0.716 and 19.5% in COVID-19 patients, p = 0.464).
This observation aligns with the findings of Tuncay Kiris
etal.’®(12.0% vs. 13.0%, p = 0.865), and John Coughlan et
al.”(21.0% vs. 22.0%, p = 0.990). Chest pain remained the
most common presenting symptom both before and dur-
ing the pandemic, with no significant difference between
pre-pandemic and non-COVID-19 patients (93.5% vs.
94.0%, p = 0.843). However, when compared to COVID-19
patients, our study found a higher prevalence of chest
pain among pre-pandemic patients (93.5% vs. 80.5%, p =

0.019). Similarly, Tuncay Kiris et al.'® reported that chest
pain was more frequently observed before the pandemic
(75.0% vs. 68.0, p = 0.004). This difference may be attrib-
uted to the fact that COVID-19 patients were more likely
to present with shortness of breath rather than chest
pain. The mean age of patients remained similar (55.36
+ 11.90 years before the pandemic, 53.95 + 12.36 years
non-COVID-19 patients, p = 0.348 and 55.02 + 13.69 years
COVID-19 patients, p = 0.882). We found a slightly higher
mean age without a statistically significant difference be-
tween groups, such as Sherif Ayad et al.’? (58.9 + 13.35 vs.
57.1 £ 12.60 years, p = 0.568), John Coughlan et al.’* (59
+ 10 vs. 58 + 17 years, p = 0.912). In contrast, Tuncay Kiris
et al.”® found a higher mean age among pre-pandemic
patients than during the pandemic (61.9 + 12.4 vs. 60.6 +
12.4 years, p = 0.029). Variations in clinical characteristics
between our study and others may be attributed to dif-
ferences in study populations.

Complications

Our study demonstrated statistically significant differen-
ces in in-hospital post-PCl complications. Heart failure
(HF) was the most common complication across all groups,
with COVID-19 patients being more likely to develop HF
compared to patients before the pandemic (24.3% befo-
re the pandemic, 17.8% in non-COVID-19 patients, p =
0.188 and 48.8% in COVID-19 patients, p = 0.004), car-
diogenic shock (6.5% before the pandemic, 6.5% in non-
-COVID-19 patients, p =0.991 and 29.3% in COVID-19 pa-
tients, p <0.001), and contrast-induced nephropathy (CIN)
(8.4% in before the pandemic vs. 5.9% in non-COVID-19
patients, p = 0.425 and 22.0% in COVID-19 patients, p =
0.024). In contrast, no significant differences were found
in other complications, including, major bleeding (2.8%
before the pandemic, 3.6% in non-COVID-19 patients, p
=0.513 and in 4.9% in COVID-19 patients, p =0.617), and
in-hospital mortality (3.7% before the pandemic, 1.8% in
non-COVID-19 patients, p = 0.264 and 12.2% in COVID-19
patients, p = 0.116). Chun Kwok et al." found no signifi-
cant differences in in-hospital mortality (4.8% vs. 3.5%, p
= 0.120), major bleeding (0.2% vs. 0.4%, p = 0.190), car-
diogenic shock (7.4% vs. 6.2%, p = 0.200), and renal failu-
re requiring dialysis (0.2% vs. 0.2%, p = 0.640). Similarly,
Callum Little et al.” reported comparable rates of in-hos-
pital mortality (8.6% vs. 10.9%, p = 0.280) and cardioge-
nic shock (13.5% vs. 12.5%, p = 0.680). Tuncay Kiris et al.®
also found no significant differences in in-hospital morta-
lity (7.0% vs. 8.0%, p = 0.205) or shock rates (9% vs. 9%,
p = 0.846) before and during the pandemic. In contrast,
John Coughlan et al.' reported a numerically higher in-
-hospital mortality during the pandemic, which nearly
reached statistical significance (22.0% vs. 0%, p = 0.060).
Mustafa et al.’® found a significant increase in heart failu-
re or cardiogenic shock (4.2% vs. 11.1%, p = 0.001), whi-
le in-hospital mortality remained unchanged (5.3% vs.
4.7%, p = 0.642). Sherif Ayad et al."? observed a higher
incidence of in-hospital mortality during the pandemic
(7.4% vs. 4.6%, p = 0.036), though rates of heart failu-
re, stroke, and bleeding were similar between groups.
The higher risk of complications in STEMI patients with
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COVID-19 could be attributed to the underlying patho-
logy of COVID-19 and the side effects of its treatment
protocols. Differences in complication rates between our
study and others could be due to several contributing fac-
tors. In particular, our study included only patients who
presented early, excluding those who arrived more than
12 hours after symptom onset. Additionally, variations in
study populations, comorbidities, and ischemia time may
have contributed to the differing results.

Hospital stay duration

Our study revealed that before the pandemic STEMI
patients had a longer hospital stay duration than
non-COVID-19 group (4.20 + 3.26 vs. 3.14 + 2.40 days, p
= 0.004), this could be explained by the efforts to mini-
mize hospital exposure for non-COVID-19 patients, while
COVID-19 patients had a significantly longer hospitaliza-
tion (4.20 + 3.26 vs 9.27 = 5.30 days, p <0.001), due to
isolation requirements and a higher risk of complications.
Similar findings were reported by Sherif Ayad et al.’? (3.5
+ 2.3 vs. 6.85 + 4.22 days, p = 0.002) and Callum Little et
al.” (3 [2-4] vs. 3 [2-5] days, p <0.001), showing an in-
crease in hospital stay during the pandemic. However,
other studies found shorter hospital stays, such as Chun
Kwok et al.™ (2 [1-3] vs. 3 [2-4] days, p <0.001) and Xuhe
Gong et al.™ (9 [8-11] vs. 8 [6-10] days, p <0.001).

One-year follow-up

The readmission to the hospital for chest pain was more
frequent before the pandemic (45.5% before the pan-
demic, 32.1% in non-COVID-19 patients, p = 0.013, and
20% in COVID-19 patients, p = 0.04). However, one-year
mortality rates remained comparable across the groups
(12.1% before the pandemic, 6.4% in non-COVID-19 pa-
tients, p = 0.110, and 11.4% in COVID-19 patients, p =
0.591). Only a limited number of studies have investi-
gated the follow-up of STEMI patients during the pan-
demic, with even fewer examining long-term outcomes.
Xuhe Gong et al."” conducted a 30-day follow-up and
found no significant difference in mortality rates (1.5%
vs. 3.6%, p = 0.274).

Conclusion

When comparing patients before the pandemic and
non-COVID-19 patients our study found no significant
differences in clinical characteristics and in-hospital
post-PCl complications or in-hospital mortality. In non-
-COVID-19 patients, the mean hospital stay duration was
notably shorter. Non-COVID-19 patients had a higher
mean WMSI. A one-year follow-up revealed that hospi-
tal readmission for chest pain was more common before
the pandemic, while one-year mortality rates were com-
parable between the groups. Comparing patients before
the pandemic and COVID-19 patients, COVID-19 patients
were more likely to develop post-PCl cardiogenic shock,
contrast-induced nephropathy (CIN), hematoma, and
heart failure, while other post-PCl complications and in-
-hospital mortality rates were similar. The mean hospi-
tal stay duration was significantly shorter for COVID-19
patients. A one-year follow-up revealed that hospital

readmission for chest pain was more common before
the pandemic, while one-year mortality rates were com-
parable between the two groups.

Limitations

Our study had some limitations inherent to its observati-
onal design. The sample size was relatively small, and the
follow-up time was limited to the hospitalization period
and up to one year after discharge. The long-term effects
of the COVID-19 pandemic, such as newly diagnosed he-
art failure or even increased mortality, are yet to be de-
termined. Additionally, some patients were lost during
the follow-up period, highlighting the need for a more
structured follow-up system.
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Kontext: Peripartalni kardiomyopatie (PPCM) je vzacna, ale zavazna pficina materského srde¢niho selhani.
Hypertenze predstavuje jeden z hlavnich pfispivajicich faktort vzniku PPCM, avsak diikazy z Indonésie jsou
dosud omezené.
Cil: Cilem této studie bylo prozkoumat souvislost mezi chronickou hypertenzi a vznikem PPCM ve dvou refe-
rencnich nemocnicich v Cirebonu (zédpadni Java) v letech 2019-2024.
Metoda: Studie vyuzila usporadani pfipad-kontrola a zahrnovala 84 zen s diagnézou PPCM dle kritérii Ev-
ropské kardiologické spolecnosti (ESC) a 336 kontrol bez PPCM. Bylo provedeno parovani podle nemocnice.
K posouzeni nezavislého rizika chronické hypertenze pro PPCM byla pouzita multivaria¢ni nepodminéna
logistickd regresni analyza.
Vysledky: Chronickéd hypertenze vykazovala silnou souvislost s PPCM (cOR 22,2; 95% Cl 6,21-79,31), ktera
zUstala statisticky vyznamna i po adjustaci na vék matky, obezitu pred téhotenstvim a nemocnici (aOR 17,13;
95% Cl 3,71-79,14). Chronicka hypertenze je tedy nezavislym rizikovym faktorem pro rozvoj PPCM.
Zavér: Zjisténi zdlraznuji vyznam kardiovaskularniho hodnoceni rizik a optimalni kontroly krevniho tlaku
u zen s chronickou hypertenzi s cilem snizit riziko PPCM a zlepsit materské vysledky.
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ABSTRACT

Background: Peripartum cardiomyopathy (PPCM) is a rare but serious cause of maternal heart failure. Hyper-
tension is a major contributing factor of PPCM, but evidence from Indonesia remains limited.

Objective: This study examined the association between chronic hypertension and PPCM in two referral
hospitals in Cirebon, West Java, from 2019 to 2024.

Method: A case-control design included 84 women diagnosed with PPCM according to the European Society
of Cardiology (ESC) criteria and 336 controls without PPCM. Frequency matching based on hospital was
conducted. Multivariable unconditional logistic regression was performed to assess the independent risk of
chronic hypertension for PPCM.

Results: Chronic hypertension showed a strong association with PPCM (cOR 22.2; 95% Cl 6.21-79.31), which
remained significant after adjusting for maternal age, pre-pregnancy obesity and hospital (aOR 17,13; 95%
Cl 3,71-79,14). In conclusion, chronic hypertension is an independent risk factor for PPCM.

Conclusion: These findings highlight the importance of cardiovascular risk assessment and optimal blood
pressure control in women with chronic hypertension to reduce PPCM risk and improve maternal outcomes.
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Introduction

Peripartum cardiomyopathy (PPCM) is a rare but serious
form of heart failure that occurs during late pregnancy
or in the months following delivery. It is characterized by
left ventricular systolic dysfunction without another iden-
tifiable cause of cardiomyopathy. Although its incidence
varies globally, PPCM remains an important cause of ma-
ternal morbidity and mortality. The burden is particularly
high in low- and middle-income countries, where delayed
diagnosis and limited resources contribute to poor out-
comes. Understanding risk factors associated with PPCM
is essential to support early recognition, prevention, and
timely management.'?

Previous studies have identified several maternal and
obstetric risk factors associated with PPCM, including
advanced maternal age, multiparity, multiple gestation,
anemia, and hypertensive disorders of pregnancy. Me-
ta-analyses demonstrated strong associations between
PPCM and pre-eclampsia or gestational hypertension.>4
However, research on the association between chronic
hypertension and PPCM remains very limited, particularly
in Indonesia. This highlights a significant knowledge gap,
as chronic hypertension is increasingly common in women
of reproductive age, mainly due to the rising prevalence
of obesity and metabolic syndrome.>>7

Chronic hypertension refers to hypertension that exist-
ed before pregnancy or was diagnosed before 20 weeks
of gestation. It also includes women who used antihyper-
tensive medication prior to pregnancy or whose elevated
blood pressure persists for more than 12 weeks after de-
livery, as defined by the American College of Obstetricians
and Gynecologists.®® It may predispose to PPCM through
prolonged pressure overload, endothelial dysfunction,
and maladaptive cardiac remodelling. Unlike gestational
hypertension or pre-eclampsia, which develop acutely
during pregnancy, chronic hypertension exerts continu-
ous hemodynamic stress on the myocardium beginning
before conception and persisting throughout gestation.
While gestational hypertension and pre-eclampsia have
been extensively investigated as risk factors for PPCM,
the contribution of chronic hypertension remains insuf-
ficiently explored.*1°

Research on PPCM in Indonesia remains limited, pri-
marily based on single-center retrospective studies or
isolated case reports. PPCM presents a major maternal
health concern, particularly with the increasing burden
of cardiovascular disease-related maternal mortality.""'?
To address this gap, we conducted a case-control study
in two tertiary hospitals in Cirebon, Indonesia. This study
aimed to investigate the association between chronic hy-
pertension and PPCM.

Materials and methods

Study design and setting

This was a hospital-based case-control study that was
conducted at two tertiary hospitals in Cirebon, West Java,
Indonesia. Both hospitals were the primary referral cen-
ters for maternal and cardiovascular cases in the region,

receiving patients from primary health centers and secon-
dary hospitals within Cirebon City and Cirebon Regency,
as well as from surrounding districts. The first study site
was Waled District General Hospital (RSUD Waled), which
serves as the main referral hospital in Cirebon Regency
and provides advanced maternal, obstetric, and cardio-
logy services. The second site, Gunung Jati Regional Ge-
neral Hospital (RSD Gunung Jati) is the principal referral
hospital in Cirebon City, accommodating a large volume
of high-risk obstetric patients and offering comprehen-
sive cardiovascular care. These hospitals collectively provi-
de healthcare services to a wide catchment area and serve
as the primary centers for the management of maternal
complications and cardiovascular emergencies in the Ci-
rebon region.

Study population and eligibility criteria

The study included women who delivered or were hos-
pitalized during pregnancy or within five months post-
partum at the participating hospitals between January
2019 and December 2024. Cases included all women dia-
gnosed with PPCM according to the European Society of
Cardiology (ESC) criteria: (1) development of heart failu-
re toward the end of pregnancy or within five months
postpartum, (2) left ventricular ejection fraction (LVEF)
<45%, and (3) absence of another identifiable cause of
heart failure.’* Women who delivered or were hospita-
lized but did not meet the diagnostic criteria for PPCM
were eligible as controls. Frequency matching was per-
formed based on hospital. A case-to-control ratio of
1: 4 was applied to increase statistical power and impro-
ve the precision of effect estimates. Patients with incom-
plete medical records were excluded.

Data collection

Data were collected retrospectively from paper-based
medical records at the participating hospitals. In this stu-
dy, PPCM data at RSUD Waled were only available for
2023 and 2024, as cardiovascular services were initiated
in 2023. Data from RSD Gunung Jati were collected over
a longer period, from 2019 to 2024. Information collec-
ted included maternal age, place of residence, parity,
twin pregnancy, pre-pregnancy obesity, type 2 diabetes
mellitus (T2DM), and chronic hypertension. Chronic hy-
pertension was defined as a documented diagnosis of
hypertension prior to pregnancy or before 20 weeks of
gestation, or documented use of antihypertensive medi-
cation before pregnancy, in accordance with ACOG crite-
ria.®® The diagnosis was based on information recorded in
the patients’ medical records by the treating physicians.
In this study, the severity of chronic hypertension was not
classified. Blood pressure levels recorded in the medical
records may vary over time and may be influenced by on-
going antihypertensive treatment and clinical conditions,
which could lead to misclassification of hypertension se-
verity. Therefore, chronic hypertension was analyzed as
a binary variable based on documented diagnosis.

The hospitals did not yet use standardized computer-
ized medical record systems. Therefore, all information
was manually extracted from patients’ paper charts. Data
were abstracted using a standardized data collection
form to ensure consistency and completeness across hos-
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pitals. To ensure data accuracy, all extracted data were
independently verified by a research assistant and the
principal investigator before analysis.

Statistical analysis

Categorical variables were summarized as frequenci-
es with percentages. Comparisons between cases and
controls were performed using the chi-square test or
Fisher's exact test, as appropriate. Bivariable analyses
were conducted using unconditional logistic regression
to examine the crude OR and 95% confidence intervals
(Cl) between each independent variable and PPCM. The
independent association between chronic hypertension
and PPCM was examined using multivariable unconditi-
onal logistic regression. The model was adjusted for the
matching variable (hospital) to mitigate potential nega-
tive confounding effects that arise from matched design,
as well as for covariates including maternal age and pre-
-pregnancy obesity. Results were reported as aOR and
95% Cl. All analyses were conducted using Stata version
17.0 (StataCorp, College Station, TX, USA).

Results

In this study, a total of 84 women with PPCM were inclu-
ded, consist of 56 cases from RSD Gunung Jati and 28 ca-
ses from RSUD Waled. The selection of study participants
is illustrated in Figure 1.

Baseline characteristics of the study sample are showed
in Table 1. Among the 84 women diagnosed with PPCM,
the majority were aged 20-35 years (60.71%), followed
by those older than 35 years (35.71%) and younger
than 20 years (3.57%). Most PPCM cases resided in Cire-
bon Regency (77.38%). Approximately 70.24% of PPCM
cases were multiparous, and twin pregnancies occurred
in 2 cases (2.38%). Regarding nutritional status, 17.86%
of patients were overweight, 13.10% had class | obesity,
and 8.33% had class Il obesity. Type 2 DM was present

Cases

Y

in 4 cases (4.76%), and chronic hypertension was noted
in 14 PPCM cases (16.67%). Among patients with chronic
hypertension, no cases of secondary hypertension were
documented in the medical records. All patients with
chronic hypertension (n = 17) received methyldopa. Two
patients received methyldopa as monotherapy, while
nine received methyldopa in combination with nifedipine
and six received methyldopa in combination with amlo-
dipine. Given the small number of patients and overlap-
ping treatment regimens, antihypertensive medication
use was presented descriptively and was not included in
further analyses.

Statistically significant differences between cases and
controls were observed in maternal age distribution (p
= 0.012), pre-pregnancy obesity (p = 0.003), T2DM (p =
0.002), and chronic hypertension (p <0.001). Place of resi-
dence, parity, and twin pregnancy did not differ signifi-
cantly between cases and controls.

In bivariable analysis, several factors were significantly
associated with PPCM, as presented in Table 2. Chronic
hypertension showed the strongest association, with an
cOR of 22.2 (95% Cl 6.21-79.31). Women with pre-preg-
nancy obesity (class I-1l) also had higher odds of develop-
ing PPCM compared to those with underweight to over-
weight (cOR 3.00; 95% CI 1.57-5.74). Maternal age >35
years was associated with an increased risk of PPCM (cOR
2.15; 95% Cl 1.28-3.61). While twin pregnancy and multi-
parity were not significantly associated with PPCM.

The results of the multivariable analysis are presented
in Table 3. After adjusting for maternal age, pre-pregnan-
cy obesity, and hospital, chronic hypertension remained
strongly associated with PPCM (aOR 17.13; 95% CI 3.71-
79.14).

Discussion

This case-control study identified chronic hypertension as
a strong independent risk factor for PPCM, even after ad-

Controls

\

All women with PPCM
from January 2019
to December 2024

Women without PPCM selected

with case-to-control ratio of 1: 4

from those who hospitalized
in the same hospital as cases,

> Incomplete medical records —>

Incomplete medical records

84 cases and 336 controls analyzed

Fig. 1 - Sample selection process.
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Table 1 - Baseline characteristics of study sample

Characteristics

Maternal age

<20 years

20-35 years

>35 years

Place of residence
Cirebon City

Cirebon Regency
Outside Cirebon
Parity

Primiparity
Multiparity

Twin pregnancy

No

Yes

Pre-pregnancy obesity
Underweight & normal
Overweight

Obesity class |
Obesity class Il

T2DM

No

Yes

Chronic hypertension
No

Yes

Antihypertensive medication among patients with chronic hypertension

Methyldopa
Methyldopa + nifedipine
Methyldopa + amlodipine

Total
(n = 420)

23 (5.48)
298 (70.95)
99 (23.57)

48 (11.43)
299 (71.19)
73 (17.38)

130 (30.95)
290 (69.05)

414 (98.57)
6 (1.43)

288 (68.57)
86 (20.48)
33 (7.86)
13 (3.10)

416 (99.05)
4(0.95)

403 (95.95)
17 (4.05)

2(11.8)
9(52.9)
6 (35.3)

PPCM
(n = 84)

3(3.57)
51(60.71)
30 (35.71)

11(13.10)
65 (77.38)
8(9.52)

25 (29.76)
59 (70.24)

82 (97.62)
2(2.38)

51(60.71)
15 (17.86)
11(13.10)
7(8.33)

80 (95.24)
4 (4.76)

70 (83.33)
14 (16.67)

Controls p-value
(n =336)

0.012
20 (5.95)
247 (73.51)
69 (20.54)

0.103
37(11.01)
234 (69.64)
65 (19.35)

0.792
105 (31.25)
231 (68.75)

0.345
332 (98.81)
4(1.19)

0.003
237 (70.54)
71(21.13)
22 (6.55)
6(1.79)

0.002
336 (100)
0(0)

<0.001
33 (99.11)
3(0.89)

T2DM - type 2 diabetes mellitus.

Table 2 - Bivariable analysis (cOR) of risk factors for PPCM

Characteristics

Maternal age
<35 years

>35 years

Parity
Primiparity
Multiparity
Twin pregnancy
No

Yes

Pre-pregnancy obesity

PPCM
(n = 84)

54 (64.29)
30 (35.71)

25 (29.76)
59 (70.24)

82 (97.62)
2(2.39)

Controls
(n =336)

267 (79.46)
69 (20.54)

105 (31.25)
231 (68.75)

332 (98.81)
4(1.19)

cOR p-value
(95% ClI)

0.004
Reff.
2.15(1.28-3.61)

0.792
Reff.
1.07 (0.64-1.81)

0.420
Reff.
2.02 (0.36-11.24)

0.001

Pokracovani na dalsi strané
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Table 2 - Bivariable analysis (cOR) of risk factors for PPCM

Characteristics ?:g“g 1)
Underweight-overweight 66 (78.57)
Obesity class I 18 (21.43)
Chronic hypertension

No 70 (83.33)
Yes 14 (16.67)

Controls cOR p-value
(n = 336) (95% CI)
308 (91.67) Reff.
28 (8.33) 3.00 (1.57-5.74)

<0.001
33(99.11) Reff.
3(0.89) 22.20 (6.21-79.31)

Table 3 - Multivariable unconditional logistic regression (aOR) for PPCM

Characteristics Adjusted OR
Chronic hypertension 17.13
Maternal age 1.26
Pre-pregnancy obesity 2.22

95% CI (lower-upper) p-value
3.71-79.14 <0.001
0.68-2.32 0.458
2.06-4.63 0.002

Results were adjusted for matching variable (hospital).

justing for maternal age and pre-pregnancy obesity (aOR
17.13; 95% ClI 3.71-79.14). Our findings are consistent
with recent meta-analyses demonstrating that hyperten-
sive disorders, particularly chronic hypertension, signifi-
cantly increase the risk of PPCM by amplifying hemody-
namic and vascular stress during pregnancy (pooled OR
4.73; 95% Cl 3.33-6.73)." Chronic hypertension induces
persistent pressure overload and endothelial dysfunction,
leading to left ventricular remodelling and impaired myo-
cardial recovery. These maladaptive alterations may ma-
nifest clinically when further stressed by marked plasma
volume expansion of late pregnancy and the hemodyna-
mic shifts of the postpartum period.'>1

The pathophysiological link between chronic hyper-
tension and PPCM may also involve systemic inflamma-
tion, oxidative stress, and altered angiogenic signalling.
Chronic hypertension induces microvascular damage
and myocardial fibrosis, impairing myocardial contrac-
tility and limiting cardiac reserve.”” Advanced maternal
age further exacerbates these processes due to vascular
stiffening, higher prevalence of comorbidities, and di-
minished myocardial adaptation to pregnancy-related
volume overload. Similarly, obesity and diabetes mellitus
remain biologically plausible contributors through mech-
anisms of metabolic dysregulation and increased cardio-
vascular strain.™20

The coexistence of multiple comorbidities may exert
a synergistic effect in predisposing women to PPCM. Pre-
vious studies suggest that the combination of chronic hy-
pertension, obesity, and multiparity imposes an additive
burden on the cardiovascular system by increasing myo-
cardial workload, metabolic demand, and oxidative stress
during pregnancy. This cumulative strain can compromise
myocardial adaptation and impair recovery in the peri-
partum period.*?'

Meta-analysis showed that pre-pregnancy obesity
was significantly associated with an increased risk of
PPCM compared to normal-weight women (pooled OR
1.79; 95% Cl 1.16-2.76). Subgroup analysis showed that
women with pre-pregnancy obesity class | had a higher

risk of PPCM (pooled OR 1.58; 95% Cl 1.20-2.07), while
those with class Il and Il obesity had an even greater risk
(pooled OR 2.65; 95% Cl 2.04-3.45) compared to normal-
weight women.?? Additionally, the meta-analysis demon-
strated that multiparity was a significant risk factor for
PPCM (pooled OR 1.79; 95% Cl 1.21-2.67).4

Increasing parity and higher pre-pregnancy BMI are
associated with progressive metabolic dysregulation,
including insulin resistance, lipid abnormalities, and an
imbalance between reactive oxygen species production
and antioxidant defense. Repeated pregnancies may ex-
acerbate physiological insulin resistance, leading to endo-
thelial injury and maladaptive cardiac remodelling.?"2324
These mechanisms together may explain why women
with coexisting chronic hypertension, obesity, or mul-
tiparity have a markedly higher susceptibility to PPCM.
Although multiparity and twin pregnancy were not sig-
nificantly associated with PPCM in the bivariable analysis
of the present study, pre-pregnancy obesity remained sig-
nificantly associated (cOR 3; 95%Cl 1.57-5.74). The lack of
significant association for multiparity or twin pregnancy
in this study may be due to the limited sample size. How-
ever, these factors should not be disregarded, as they re-
main biologically plausible contributors to PPCM risk.

These findings highlight the need for an integrated
approach to maternal cardiovascular health. Screening
for chronic hypertension, obesity, and metabolic disor-
ders before and during pregnancy should be prioritized
to identify women at elevated risk for PPCM. Early blood
pressure control, optimization of metabolic status, and
patient education on cardiovascular symptoms may help
prevent disease onset or enable earlier detection. In re-
source-limited settings, targeted echocardiographic sur-
veillance and multidisciplinary collaboration between
obstetricians and cardiologists could further improve ma-
ternal outcomes.

To the best of our knowledge, this is the first study
in Indonesia to specifically evaluate the association be-
tween chronic hypertension and peripartum cardiomyop-
athy PPCM. The study collected PPCM data from referral
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hospitals in the Cirebon region, Indonesia over a six-year
period, providing a comprehensive overview of patient
characteristics and risk factors within a real-world clinical
setting. By employing a case-control design and standard-
ized diagnostic criteria, this study strengthens the evi-
dence on the role of chronic hypertension as an indepen-
dent risk factor for PPCM in a low- and middle-income
country context. The use of multivariable unconditional
logistic regression further enhances the internal validity
of the findings.

This study has several limitations. The retrospective
design relies on medical record data, which may be in-
complete or subject to documentation bias. However, the
number of missing records was small for both cases and
controls, suggesting that potential selection bias affect-
ing internal validity is likely minimal. The relatively small
sample size may limit the statistical power, particularly
for subgroup analyses. Additionally, as this was a hospi-
tal-based study, the results may not be fully generaliz-
able to the broader population of pregnant women in
the community. Furthermore, the onset and duration
of chronic hypertension were difficult to determine, as
many patients were first identified as having hyperten-
sion at their initial antenatal visit before 20 weeks of ges-
tation. Consequently, information on the onset and dura-
tion of chronic hypertension prior to pregnancy was not
consistently available in the medical records. In addition,
whether hypertension was controlled or uncontrolled
could not be reliably assessed, as repeated blood pressure
measurements over time were not consistently available
for all patients.

Conclusions

This study demonstrates that chronic hypertension is
a strong and independent risk factor for PPCM in Indone-
sian women. The findings emphasize the need for early
cardiovascular risk assessment and optimal management
of blood pressure before and during pregnancy to pre-
vent PPCM. Integrating cardiac evaluation into antenatal
care, particularly for women with a history of hyperten-
sion may help reduce the burden of PPCM and improve
maternal outcomes in resource-limited settings. Scree-
ning for chronic hypertension should also be conducted
at the primary healthcare level (Puskesmas), with time-
ly referral to hospitals equipped with the capacity and
facilities to assess the risk of PPCM. This enables more
intensive patient monitoring and earlier recognition of
PPCM, thereby preventing maternal complications and
mortality. Future research should investigate maternal
and long-term cardiovascular outcomes among PPCM pa-
tients with a history of chronic hypertension, particularly
in low- and middle-income countries.
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Kontext: Podle Mezinarodni diabetologické federace (International Diabetes Federation, IDF) dosahovala
v roce 2021 prevalence diabetes mellitus (DM) v Indonésii 10,8 % (toto onemocnéni tam bylo diagnostikova-
no pfiblizné u 19,4 milionu osob). Pokud se tyce nejcastéjsi komplikace, tedy syndromu diabetické nohy (dia-
betic foot ulcer, DFU), existuje u diabetik( 15-34% riziko vzniku tohoto postizeni s recidivou ve vysi 40-60
%. V ¢asném stadiu DFU je tfeba odstranit detritus z rany, ale se stupnujici se bolesti a imobilitou nakonec
vyvstava nutnost amputace. Vyznam této studie spociva ve srovnani predoperacnich a pooperacnich poctl
leukocytli, poméru neutrofily/lymfocyty (neutrophil-lymphocyte ratio, NLR) a délky hospitalizace (length of
stay, LOS) pfi odstranovani detritu z rany versus vysokd amputace, stejné jako Ucinek odstranéni detritu na
DFU zamezuijici nutnosti amputace.
Metody: V tomto ¢lanku popisujeme observacni kohortni retrospektivni studii, v niz byla pro vyhledani
potiebné zdravotnické dokumentace uloZené ve fakultni nemocnici Airlangga University ve mésté Surabaja
a zahrnujici obdobi od ledna do ¢ervna 2024 pouzita metoda totélniho vybéru. Zkoumanou populaci byli do-
spéli pacienti ve véku nad 18 let s diagn6zou DM 2. typu a s DFU stupné 0-5 ve Wagnerové klasifikaci, u nichz
bylo provedeno odstranéni detritu nebo vysokd amputace. Mezi hodnocené proménné patfily predoperacni
a pooperacni hodnoty leukocytd, diferencialni rozpocet leukocytd, predoperacni a pooperacni hodnoty NLR,
predoperacni a pooperacni LOS a celkovéa LOS. Uvedené proménné jsme srovnali u dvou skupin pacientd,
jedné s odstranénim detritu z rany a druhé s vysokou amputaci. Udaje byly analyzovéany s pouzitim softwaru
SPSS 27 a Microsoft Excel, verze 16.102.2.
Vysledky: Mezi obéma skupinami jsme nalezli statisticky vyznamny rozdil v predopera¢nim poctu leuko-
cytl a diferencidlnim rozpoctu leukocytl (p < 0,05); rozdily mezi ostatnimi proménnymi nebyly statisticky
vyznamné (p > 0,05). Skupina s odstranénim detritu z rany vykazovala nizsi pfedoperacni pocty leukocytt
a mensi pokles poctu leukocytl nez skupina s vysokou amputaci, coz ukazuje na méné intenzivni zanétlivou
odpovéd u pacientli s odstranénim detritu z rdny ve srovnani s pacienty s vysokou amputaci. | kdyz pooperac-
ni hodnoty nejsou statisticky vyznamné, rozdil predoperacnich a pooperacnich hodnot statisticky vyznamny
byl, coz ukazuje na vétsi pokles poctu leukocytd po vysoké amputaci a odrazi potlaceni zanétu.
mezi jejich predoperacnimi a pooperacnimi pocty. K blizsimu poznani zanétlivych procesti u pacientti s DFU
se doporucuje zkoumat i ostatni proménné.

© 2026, CKS.

ABSTRACT

Background: According to the International Diabetes Federation (IDF) in 2021, Indonesia had a diabetes mel-
litus (DM) prevalence of 10.8% out of the total population, approximately 19.4 million individuals. The most
common complication, diabetic foot ulcer (DFU), has a 15-34% risk of developing in diabetic patients and
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a 40-60% recurrence rate. The early stage of DFU requires wound debridement, but as pain and immobility
worsen, the need for amputation ultimately rises. The importance of this study is to compare preoperative
and postoperative level of leukocyte, neutrophil-lymphocyte ratio (NLR), and length of stay (LOS) between
wound debridement and major amputation, as well to evaluate wound debridement’s healing factor on
DFU to avoid amputation.

Methods: This is an observational cohort retrospective study. A total sampling method was used to retrieve
medical records from Airlangga University Hospital, Surabaya, with the study period of January-June 2024.
The population was adult patients above 18 years old and diagnosed with type 2 DM with DFU in Wagner
scale of 0-5 that had received wound debridement or major amputation. The research variables were preo-
perative leukocyte, postoperative leukocytes, leukocyte difference, preoperative NLR, postoperative NLR,
preoperative LOS, postoperative LOS, and total LOS. We compared those variables between two groups,
which are wound debridement and major amputation. Data were analyzed using SPSS 27 and Microsoft
Excel version 16.102.2.

Results: We found that there is a significant difference between the two groups in terms of preoperative
leukocyte and leukocyte difference (p <0.05), while other variables were found not significant (p >0.05).
Wound debridement groups had lower preoperative leukocytes and a smaller leukocyte decrease compared
to those undergoing major amputation. This represents lower inflammation response in patients receiving
wound debridement compared to major amputation. Although postoperative leukocytes aren't significant,
the leukocyte difference between preoperative and postoperative was significant. This marks a greater re-
duction in leukocytes following major amputation, reflecting inflammation suppression.

Conclusion: Wound debridement has lower preoperative leukocyte and leukocyte difference. Further stu-

dies on other variables are recommended to describe inflammatory processes in patients with DFU.

Introduction

Diabetes mellitus (DM) is characterized by either a defici-
ency of insulin (type 1 DM) or insulin dysfunction (type 2
DM). According to the International Diabetes Federation
in 2021, Indonesia has a DM prevalence of 10.8% of the
total population, approximately 19.4 million individuals.®
This finding is supported by the Indonesian Ministry of
Health, reporting 19.5 million people with DM in 2024,
with an increased prediction of 28.5 million by 2045.7 In
terms of cost, it was reported that the direct medical cost
for DM care amounted to USD 576 million, with 56% re-
presented by hospital inpatient care.®

Type 2 diabetes mellitus (T2DM) is responsible for
90-95% of all DM cases globally and is characterized
by insulin resistance in pancreatic cells. One of the most
adverse chronic complications of T2DM is diabetic foot
ulcer (DFU), which is classified as a type of peripheral
artery disease (PAD). DFU can lead necrotic tissue in the
affected limb. According to recent studies, patients with
T2DM have a 15-34% lifetime risk of developing DFU and
a 40-60% recurrence rate.*'2 DFU is also a risk factor to
nontraumatic lower extremity amputations (LEA) in dia-
betic patients, which is responsible for 85% of total cases.
DFU consists of pain and immobility, which can ultimately
reduce quality of life. Mortality rates associated with DFU
are approximately 11% annually and increased to 22%
among patients who underwent LEA.

Because of the urgency in terms of high cost inpatient
care and increasing postoperative amputation mortality,
this study is crafted to evaluate the alternative interven-
tion to DFU treatment. This retrospective study aims to
assess the effect of wound debridement therapy on DFU
healing, specifically analyzing reductions in leukocyte
counts and length of hospital stays (LOS) among patients
treated at Airlangga University Hospital, Surabaya, Indo-
nesia. The goal of this study is to provide insights in DFU
healing from wound debridement as a form of preven-
tion to amputation.

Methods

This study is an observational cohort retrospective stu-
dy. Samples were taken from medical records of the Ai-
rlangga University Hospital, Surabaya, Indonesia from
January-June 2024 period. This research conducted to-
tal sampling methods. The inclusion criteria were adult
patients above 18 years old and diagnosed with T2DM
with DFU in Wagner scale of 0-5 that had wound debri-
dement or major amputation interventions. This research
excludes data of patients besides T2DM, mortality during
treatment, and incomplete medical records. Dependent
variables such as, preoperative leukocyte, postoperative
leukocytes, leukocyte difference, preoperative NLR, post-
operative NLR, preoperative LOS, postoperative LOS, and
total LOS are being analyzed and grouped based on the
independent variables, which are wound debridement
and major amputation. Data were analyzed with SPSS 27
and Microsoft Excel version 16.102.2.

Results

Data analysis of patient’s characteristics have proven that
there are 34 samples with frequencies almost equal be-
tween 16 male (47%) and 18 female (53%) (Table 1). This
indicates that in this research, DFU isn't necessarily bound
to genders, because of the relatively equal frequencies
between male and females. Most of the sample, which is
30 patients (88%) are from the age range of 18-65 years
old, meanwhile there are only four patients (12%) that
are >65 years old (Table 1). There are 30 patients (88%)
that don’t have hypertension (Table 1). Most of the DFU
samples occurred in the left side of the limb in 19 pati-
ents (56%), right side in 13 patients (38%), and bilateral
in two patients (6%) (Table 1). These findings proved that
DFU most likely occurred unilaterally. Meanwhile, fin-
dings in terms of Wagner scale mostly occurred in scale
of 2-4. Whereas level 2 in two patients (6%), Wagner 3
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in 15 patients (44%), and Wagner 4 in 17 patients (15%).
Lastly, patients receiving wound debridement occurred in
25 patients (74%) and major amputation in nine patients
(26%) (Table 1).

Based on total descriptive analysis of DFU patients,
data showed the mean and standard deviation of pre-
operative leukocyte were 18.25 + 8.8 (Table 2), which de-
creased in postoperative to 15.51 = 6.94 (Table 2), with
a mean leukocyte difference of 2.66 + 6 (Table 2). The
preoperative neutrophil-lymphocyte ratio (NLR) has 15.55
+ 16.05 (Table 2), while postoperative NLR was 13 + 13.28
(Table 2). The results of preoperative and postoperative
LOS, respectively, were 2.94 = 1.75 days and 3.76 + 3.08
days (Table 2). Meanwhile, the total LOS is 6.71 + 4.17

Table 1 - Sample characteristics

Characteristics Frequency Percentage
Gender

Male 16 47%
Female 18 53%
Age

18-65 years 30 88%
>65 years 4 12%
Hypertension history

Yes 4 12%
No 30 88%
Ulcer location

Left 19 56%
Right 13 38%
Bilateral 2 6%
Wagner classification

1 0 0%
2 2 6%
3 15 44%
4 17 50%
5 0 0%
Intervention

Debridement 25 74%
Amputation 9 26%

Table 2 - Total descriptive inflammation markers

Characteristics Mean = SD (n = 34)

Preoperative leukocyte 18.25+ 8.8
Postoperative leukocyte 15.51 + 6.94
Leukocyte difference 2.66+6
Preoperative NLR 15.55 + 16.05
Postoperative NLR 13+13.28
Preoperative LOS 294 +1.75
Postoperative LOS 3.76 + 3.08
Total LOS 6.71 +4.17

Table 3 - Patient’s characteristics with debridement

Characteristics Mean = SD (n = 25)
Preoperative leukocyte 15.17 £ 6.15
Postoperative leukocyte 14.52 + 6.57
Leukocyte difference 1.15 £ 4.63
Preoperative NLR 14.04 + 15.82
Postoperative NLR 11.07 +7.96
Preoperative LOS 2.72 £ 1.56
Postoperative LOS 3.88+3.33

Total LOS 6.6 + 4.54

Table 4 - Patient’s characteristics with major amputation
Mean £ SD (n=9)

Characteristics

Preoperative leukocyte 253 +11.39
Postoperative leukocyte 18.28 £ 7.6
Leukocyte difference 6.84 +7.57
Preoperative NLR 19.75 + 16.86
Postoperative NLR 18.34 + 22.23
Preoperative LOS 3.56 £2.18
Postoperative LOS

Total LOS 7+3.12

Table 5 - Comparison of mean values between wound
debridement and major amputation

Characteristics p-value
Preoperative leukocyte 0.018
Postoperative leukocyte 0.166
Leukocyte difference 0.012
Preoperative NLR 0.301
Postoperative NLR 0.922
Preoperative LOS 0.224
Postoperative LOS 0.827
Total LOS 0.324

days (Table 2). The data from Table 2 provide a general
overview of inflammatory response before and after in-
tervention, as well as the overall LOS.

Based on analysis of 25 samples from the wound de-
bridement group, it was found that preoperative leuko-
cyte was 15.17 + 6.15, postoperative leukocyte was 14.52
+ 6.57, and leukocyte difference was 1.15 + 4.63 (Table
3). This indicates decrease in leukocytes preoperative to
postoperative measurements within the wound debride-
ment group, although high standard deviation is pres-
ent in this variable, which suggests high heterogeneity
among patients. Meanwhile, preoperative and postoper-
ative NLR was 14.04 + 15.82 and 11.07 + 7.96, respectively
(Table 3). This finding suggests a potential reduction in
NLR following wound debridement. Preoperative, post-
operative, and total LOS were 2.72 + 1.56 days, 3.88 + 3.33
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days, and 6.6 = 4.54 days, respectively. This indicates lon-
ger LOS postoperatively compared to preoperative LOS in
the wound debridement group.

Based on analysis of nine samples from the major am-
putation group, it was found that preoperative leukocyte
was 25.3 = 11.39, postoperative leukocyte was 18.28 +
7.6, and leukocyte difference was 6.84 + 7.57 (Table 4).
This indicates prominent decrease in leukocytes preop-
erative to postoperative measurements within the major
amputation group, which suggests positive inflamma-
tory response reduction. Meanwhile, preoperative and
postoperative NLR was 19.75 + 16.86 and 18.34 + 22.23,
respectively (Table 3). This finding suggests a potential re-
duction in NLR following wound debridement, although
high standard deviations are present, which indicate vari-
ability in inflammatory response. Preoperative, postoper-
ative, and total LOS were 3.56 + 2.18 days, 3.44 + 2.4 days,
and 7 + 3.12 days, respectively. This indicates relatively
balanced LOS in both preoperative and postoperative in
the major amputation group.

After analyzing 34 samples, it was found that few
variables are significant (p <0.05), which are leukocyte
preoperative with p-value of 0.018 and leukocyte differ-
ence with 0.012 in (Table 5). These proved that there are
significant differences in both variables between wound
debridement and major amputation. Meanwhile, other
variables werent found to have any significant differ-
ence in p-value between the two groups.

Discussion

Preoperative leukocytes function as an indicator of the
severity of inflammatory response in patients with DFU.
Based on (Table 5) a significant difference was found in
preoperative leukocytes between patients who receive
wound debridement and major amputation, with a p-
-value of 0.018. The analysis showed that reduction from
preoperative to postoperative leukocyte in the wound
debridement group only has minimal reduction. Another
study also supports this finding, where the preoperative
and postoperative leukocytes are 13.902 g/dL and 13.804
g/dL, respectively, among DFU patients undergoing de-
bridement.® The previous study was aligned with this re-
search, which also indicates a relative small difference in
preoperative and postoperative leukocytes.

The significant difference between preoperative leu-
kocytes between the two groups suggests a distinct in-
flammatory response in patients undergoing wound
debridement and major amputation prior to the proce-
dure. Additional findings support this research, which
identified elevated leukocyte as a predictor of prolonged
wound healing duration.? Another findings also men-
tioned, that the presence of wound infection can delay
the healing process.? Significant differences of leukocyte
prior to procedure are important for surgeons to pick the
most optimal option to treat wounds in DFU patients. An-
other study supports this research, by reporting that pre-
operative leukocyte tends to be higher in patients who
receive amputation.> Therefore, it can be summarized
that lower preoperative leukocytes are associated with
wound debridement as intervention to treat DFU, where-

as higher preoperative leukocytes may lead surgeons to
consider major amputation as more suitable.

Postoperative leukocytes reflect the inflammatory re-
sponse reduction following intervention either wound
debridement or major amputation. Conversely, the dif-
ference between preoperative and postoperative leu-
kocytes represents the effectiveness of intervention in
reducing inflammation. Based on data that were ana-
lyzed in Table 5, the difference between the two groups
in terms of postoperative leukocyte was not significant
(p = 0.166). However, the reduction of leukocyte from
preoperative to postoperative between wound debride-
ment and major amputation was significant (p = 0.012).
The mean postoperative leukocytes for wound debride-
ment and major amputation were 14.52 (Table 3) and
18.28 (Table 4), respectively, while the mean of leukocyte
differences were 1.15 (Table 3) and 6.82 (Table 4). This
analysis indicates although postoperative leukocytes did
not differ between the two groups, the significance in
reduction did.

NLR represents neutrophils as mediators of acute in-
flammation and lymphocytes which serve in adaptive
immune response. Another study stated that NLR is an
indicator of chronic inflammatory response.' Neutrophil
reflects ongoing inflammatory response, while reduction
in lymphocytes is a characteristic of T2DM. Additionally,
increase in neutrophil and lymphocyte reduction is a key
characteristic of T2DM.? Recent study also suggests that
NLR in T2DM patients that had amputation is equivalent
as NLR on chronic wound infection.'® Based on data from
(Table 5), there were no significant differences in preop-
erative and postoperative NLR between the two groups,
with p-values of 0.301 and 0.922, respectively. However,
each group reported a consistent reduction trend from
preoperative to postoperative NLR. In the wound de-
bridement group, the mean NLR decreased from 14.04
to 11.07 (Table 3), meanwhile in the major amputation
group, it decreased from 19.75 to 18.34 (Table 4) These
findings suggest a general reduction trend in inflamma-
tory postintervention. On the other hand, the absence of
significant difference indicates that NLR may not be an
effective parameter for predicting the severity of infec-
tion in DFU patients.

LOS reflects the duration of recovery and potential
cost of hospitalization. From Table 5, it was found that
the comparison between preoperative, postoperative,
and total LOS between the two groups was not statisti-
cally significant, with p-values of 0.224, 0.827, and 0.324,
respectively. This indicates no significant difference in
duration of stay in hospital between patients who un-
derwent wound debridement and major amputation.
Mean of preoperative and postoperative LOS in wound
debridement group were 2.72 and 3.88 days, respectively
(Table 3), whereas for the major amputation group were
3.55 and 3.44 days (Table 4). This aligns with another
study, which suggests mean LOS of 8.13, 8.86, and 9.8
days for patients undergoing mild, moderate, and severe
debridement treatment, respectively across 75 DFU cases.!
Shorter LOS in this research may be attributed to differ-
ent clinical pathways and postoperative management
protocols. Since there are no significant differences in
preoperative, postoperative, and total LOS, this suggests
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that both wound debridement and major amputation
have the same effectiveness in managing inflammatory
responses, as reflected from hospitalization duration.

Conclusion

After analyzing medical records of samples with DFU,
there are several conclusions that can be drawn. First-
ly, there are differences in preoperative leukocytes that
may serve as potential considerations for surgeons in
determining the approach for DFU treatment. Although
postoperative leukocytes were relatively similar in both
groups, differences in leukocyte reduction are significant
between patients who receive wound debridement and
major amputation. Preoperative and postoperative NLR
showed no significant difference between both groups,
which suggests that NLR may not be effective to assess se-
verity of infection. Preoperative, postoperative. and total
LOS did not show any difference between both groups,
indicating wound debridement and major amputation
are equally effective in managing DFU in terms of hos-
pitalization duration. Additional research is required to
assess other inflammatory markers such as, HbA,, Cre-
active protein, procalcitonin, and other mediators to de-
termine effectiveness of wound debridement and major
amputation.
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V ¢lanku jsou shrnuty klicové sméry a novinky v srdecni resynchronizacni 1écbé s predpokladanym nejvétsim
dopadem na klinickou praxi. Uvodem je pojednano o patofyziologii srde¢ni dyssynchronie a jsou shrnuty
diagnostické metody a postupy (v¢etné modernich metod jako ultra-vysokofrekvencni EKG ¢i nové metody
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pacientd, u kterych se nedostavi efekt resynchronizacni 1é¢by.
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ABSTRACT

The article summarizes the key directions and innovations in cardiac resynchronization therapy with the
greatest anticipated impact on clinical practice. The introduction discusses the pathophysiology of cardiac
dyssynchrony and reviews diagnostic methods and workflows (including modern techniques such as ultra-
-high-frequency ECG and new approaches to ultrasound assessment). In subsequent sections, we also describe
new techniques for lead implantation including His bundle pacing and left bundle branch area pacing. These
approaches aim to reduce the proportion of patients who do not respond to resynchronization therapy.

Uvod

Srdecni selhani predstavuje zasadni zatéz pro zdravotnic-
ky systém, s prevalenci odhadovanou na 1-2 % dospélé
populace v Evropé a Spojenych statech americkych, oviem
stoupajici na vice nez 10 % u osob starsich 70 let. V Ceské
republice srdecnim selhdanim trpi pfiblizné 250-300 tisic
pacientld a incidence i prevalence nadale narUstaji. | pres
dosavadni pokroky a nové léky zlstava progndza nepfi-
zniva — pétileté preziti po stanoveni diagndzy se pohybuje
okolo 50 %, coz je srovnatelné s nékterymi onkologickymi
chorobami.

Jednim z kli¢ovych patofyziologickych mechanismu
zhorsujicich prognézu je srde¢ni dyssynchronie, nejcasté-
ji v dasledku blokady levého Tawarova raménka (LBBB).
Dyssynchronie vede k poklesu systolické funkce, remode-
laci levé komory a dalSimu zhor$ovani symptomd.

Srdecni resynchroniza¢ni terapie (cardiac resynchro-
nization therapy, CRT) je jednou z nefarmakologickych
moznosti terapie a je standardni Ié¢ebnou metodou u vy-
branych pacientl se srde¢nim selhdanim a tézkou systoli-
ckou dysfunkci levé komory (heart failure with reduced
ejection fraction, HFrEF) a Sirokym komplexem QRS." Od
prvnich velkych randomizovanych studii CARE-HF a COM-
PANION, které prokazaly pokles mortality a morbidity, je
CRT pevné zakotvena v klinickych doporucenich.>¢ Ty jsou
shrnuty v tabulce 1.

Navzdory vyznamnému pokroku vsak z(stava pfiblizné
30 % pacientl s CRT tzv. non-respondéry, tedy bez klinic-
kého ¢i echokardiografického zlepseni.2>’-'7 To vedlo k vy-
voji novych metod stimulace, sofistikovanych postupl pri
zavadeéni elektrod a k rozvoji alternativnich strategii, jako
je selektivni stimulace prevodniho systému (conduction
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Tabulka 1 - Pfehled indikaci CRT (ESC, 2021)

Trida

doporuéeni Indikace

EF <35 %, sinusovy rytmus, LBBB,
QRS > 150 ms, NYHA 1I-IV

EF <35 %, QRS 130-149 ms s LBBB;

lla EF <35 % s fibrilaci sini, pokud Ize zajistit
vysoké procento stimulace

EF <35 %, QRS > 150 ms bez LBBB; EF < 35 %,
lib QRS 130-149 ms bez LBBB s mechanickou
dyssynchronii

CRT - srdecni resynchronizadni |écba; EF — ejek¢ni frakce; ESC - Ev-
ropska kardiologicka spole¢nost; LBBB — blokada levého Tawarova
raménka; NYHA - New York Heart Association.

system pacing, CSP), multipoint pacing ¢i algoritmy pro
automatickou optimalizaci CRT."6.81?

Cilem této prehledové prace je shrnout soucasné po-
znatky o patofyziologii dyssynchronie, standardnich i no-
vych pfistupech v 1é¢bé, vcetné vysledkd recentnich studii,
a nastinit budouci sméry v |é¢bé pacientl se srde¢ni dys-
synchronii.

Patofyziologie srdecni dyssynchronie

Srdec¢ni dyssynchronie je komplexni fenomén zhorsujici
pribéh srdecniho selhani, ktery se projevuje jak na elek-
trické, tak na mechanické urovni. Jde o poruchu nacaso-
vani a koordinace kontrakce jednotlivych srde¢nich od-
dild vychazejici z chybného vedeni vzruchu a neefektivni
kontrakci komor s regionalni dyskinezi. Nejcastéjsi pri-
¢inou je LBBB, kterd zpusobuje opozdénou depolarizaci
a kontrakci zejména bazalniho inferolateralniho segmen-
tu levé komory, v dUsledku ¢ehoz dochdzi k paradoxnimu
pohybu septa a k maladaptivni remodelaci levé komo-
ry.”1420 Patofyziologicky obdobna je dyssynchronie pravé
komory spojena s blokadou pravého raménka Tawarova
(RBBB).?!

Elektrickad dyssynchronie

Elektricka dyssynchronie je porucha casovani aktivace
komor dana poruchou vedeni vzruchu, a dochdzi tak ke
zpozdéni depolarizace v raznych ¢astech myokardu.'%20.22
RozliSujeme nékolik typd dyssynchronie: interventrikular-
ni, intraventrikularni a atrioventrikularni.82°2223 Interven-
trikularni dyssynchronie je charakterizovana vzajemnym
opozdénim aktivace komor, méfitelnym na povrchovém
EKG. Intraventrikuldrni dyssynchronie se tyka nekoor-
dinované aktivace jednotlivych segmentld levé komory,
Casto pfitomné u LBBB.2% Atrioventrikuldrni (AV) dyssyn-
chronie vznika pfi poruse koordinace kontrakce sini a ko-
mOr.8’22_24

Ne vzdy plati, Ze Siroky komplex QRS na EKG odpovi-
da skutecné mechanické dyssynchronii. Tento jev, ozna-
Covany jako elektrickd pseudodyssynchronie, vznika v si-
tuacich, kdy porucha Sifeni vzruchu vede k prodlouzeni

¢i atypické morfologii komplexu QRS, avsak mechanicka
kontrakce komor zUstdva relativné synchronni.'s2223.2526
Typickym prikladem jsou nespecifické intraventrikuldrni
poruchy vedeni (IVCD) nebo hemibloky, kdy aktivace levé
komory neni vyznamné opozdéna.® K pseudodyssynchro-
nii mohou dale prispét i farmakologické vlivy (antiaryt-
mika zpomalujici vedeni), metabolické a iontové poruchy
(napf. hyperkalemie) ¢i artefakty EKG zdznamu. V klinic-
ké praxi je proto nutné hodnotit nejen Sitku, ale i mor-
fologii komplexu QRS a doplnit posouzeni mechanické
synchronie pomoci zobrazovacich nebo pokrocilych elek-
trofyziologickych metod (napf. echokardiografie se strain
analyzou, QRS area nebo ultra-high-frequency EKG). Roz-
liseni pravé a pseudodyssynchronie je zasadni pro sprav-
nou indikaci CRT, protoZe samotné rozsifeni QRS bez ty-
pického obrazu LBBB nepredpovida jednoznacny klinicky
benefit.142226

Mechanicka dyssynchronie

Mechanicka dyssynchronie predstavuje bezprostfed-
ni funkéni disledek dyssynchronie elektrické. Docha-
zi k paradoxni casné kontrakci septa (,septal flash"”)
a opozdéné aktivaci laterdlni stény, coz se manifes-
tuje jako kyvavy pohyb hrotu levé komory (,apical
rocking”).1013.2027.28 Tyto jevy nejsou pouze echokar-
diografickym fenoménem, ale odrazeji vyznamnou ne-
efektivitu kontrakce.?”:?® Septum v ¢asné fazi systoly vy-
konava neefektivni paradoxni pohyb, ktery nepfispiva
k ejekci. Opozdénd kontrakce lateralni stény mize na-
opak nastat az po uzavéru aortalni chlopné, tedy mimo
systolické okno. Vysledkem je ztrdta synchronie mezi
jednotlivymi segmenty, pokles systolické funkce a vze-
stup enddiastolickych tlakd; mechanicka dyssynchronie
dale narusuje koordinaci uzavéru mitralni chlopné, coz
vede k funk¢ni mitralni regurgitaci a dalSimu objemo-
vému zatizeni levé komory.2>273° Tim vznika patologic-
ky cyklus dilatace, zvySené naplné, progrese remode-
lace a zhorSovani srde¢niho selhani.?*3' Dyssynchronie
levé komory se prendsi i na komoru pravou prostiednic-
tvim septa a perikardu. Paradoxni septalni pohyb muze
vést k omezenému plnéni pravé komory a k narUstu
tlakd v plicnici. Tento jev, oznacovany jako ventriku-
larni interdependence, ukazuje, Ze se nejedna pouze
o izolovany problém levé komory.2°32

Obecné tedy plati, Ze mechanicka slozka dyssynchro-
nie je pro klinicky stav pacienta rozhodujici, protoze pfi-
mo ovliviiuje tepovy objem, diastolické plnéni a vznik
sekundarni mitrdini regurgitace, pfispiva ke zhorseni
pravostranného srdecniho selhani a akceleruje progre-
si symptomu. Proto se v soucasnosti vice zdUrazruje jeji
hodnoceni v predikci odpovédi na CRT.?7:2931:33

Elektromechanicka dyssynchronie

Elektromechanickd dyssynchronie oznacuje nesoulad
mezi okamzikem elektrické aktivace a mechanické kon-
trakce. Tento fenomén je zvlasté patrny u pacientt s roz-
sdhlou fibrotickou prestavbou — elektricky impuls dorazi
vcas, ale svalovy stah je opozdény nebo oslabeny.52
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Diagnostické metody vcetné novinek

Diagnostika zaméfujici se vylu¢né na elektrické nebo na
mechanické parametry dyssynchronie vede k chybné-
mu vybéru pacientd — v soucasnosti se proto uplatriuje
pfistup multiparametricky.’?3% Prikladem zastaralého
pfistupu jsou programy zalozené vyhradné na echokar-
diografickych markerech, které nepfinesly terapeutic-
ky posun.”9%2%33 Negativni vysledky studii PROSPECT
a EchoCRT upozornily na variabilitu metodiky, nizkou
reprodukovatelnost i fakt, Zze u uzkého QRS nemd CRT
vyznamny pfinos.?5343> Spolehlivéjsi vybér pacientd, ktefi
budou z Ié¢by profitovat, tedy prinasi pristupy zakladajici
se na kombinaci jasné elektrické dyssynchronie (zejména
LBBB), anatomicko-mechanickych znamek jizveni a pozd-
ni aktivaci. V praxi to znamend zacinat EKG, pokracovat
zobrazovacimi metodami a v nékterych indikovanych pfi-
padech i cilenou implantaci elektrod podle skute¢ného
pribéhu aktivace a pfitomnosti jizev.

EKG a elektricka dyssynchronie

Zakladnimi EKG parametry jsou $ife a morfologie kom-
plexu QRS.2°3¢ U nemocnych se srde¢nim selhanim pfi si-
nusovém rytmu a ejekéni frakci (EF) < 35 % je optimalni
indikace k CRT reprezentovana LBBB se Sirokym QRS (ob-
vykle > 150 ms).2%2% Pfesnéjsi diagnosticka kritéria prinesla
upravena Straussova definice (2011), ktera klade dliraz na
pfesnou identifikaci LBBB a je v soucasnosti Siroce pfiji-
mana.?*3” Kromé sitky QRS pracuje i s typickymi morfolo-
gickymi znaky v laterdlnich svodech a absenci R v pravo-
strannych svodech.?

U QRS 130-149 ms s LBBB je pravdépodobnost odpové-
di nizsi nez u QRS > 150 ms, ale stale klinicky smysluplna
— zejména pokud dalsi metody (viz nize) hovofi pro pozd-
ni aktivaci lateralni stény a nizky stupern jizveni v cilové
oblasti implantace.'353-4 pPro selekci téchto pacientl je
vhodné doplnéni pokrocilé elektrografie (UHF-ECG, QRS
area) a zobrazovacich metod prokazujicich mechanickou
dyssynchronii (septal flash, apical rocking).

U non-LBBB morfologie (RBBB, nespecificka IVCD) $an-
ce na odpovéd klesd a EKG by mélo byt také doplnéno
minimalné echokardiografickym nebo vysetfenim mag-
netickou rezonanci (MR).244!

QRS area a vektorkardiografie (VCG)

Na urovni EKG se ukazuje, Ze Sife QRS neni dostate¢nym
prediktorem ucinnosti CRT; novéjsi pristupy hodnoti
QRS area jako presnéjsi ukazatel elektrické dyssynchro-
nie. Studie autorl Eerenberg et al. (2024) prokazala, Ze
urceni parametru QRS area muze zlepsit stratifikaci pa-
cientl, ktefi budou mit uzitek ze zavedeni levokomorové
elektrody.>6'442 Integrdlni ukazatel QRS area (odvozeny
z vektorkardiografie nebo zrekonstruovany z 12svodové-
ho zaznamu) Iépe vystihuje rozsah elektrické dyssynchro-
nie a v fadé studii prekonava prostou sitku QRS v predikci
reverzni remodelace i klinické odpovédi na CRT. V praxi
se QRS area uplatni pfi vybéru pacienta (hrani¢ni Site QRS
¢i non-LBBB morfologie) a také pfi planovani mista im-
plantace levostranné elektrody — vyssi QRS area s pretr-
vavajicimi znamkami dyssynchronie po implantaci maze
signalizovat suboptimalni umisténi nebo potrebu repro-
gramace_10,14,24,42—45

Ultra-high-frequency EKG (UHF EKG)

UHF je relativné nova technologie, kterd je v soucas-
nosti zavadéna do klinické praxe. UHF-EKG rozsifuje
klasické 12svodové EKG do vyssich frekvencnich pasem,
a tim dokaze rozlisit jemné rozdily v ¢asovani lokalnich
aktivaci ve sténdch komor. Zachycuje prvni ¢ast depo-
larizace, a to jen v oblasti pfimo snimané danym EKG
svodem. Prokazuje se, Ze UHF-EKG detekuje intraventri-
kularni zpozdéni, které standardni EKG nerozlisi a které
koreluje s hemodynamickym efektem akutni stimulace
a i s dlouhodobou reverzni remodelaci. Diky tomu muze
selektovat pacienty s relativné uzkym komplexem QRS,
ktefi budou presto z resynchronizacni terapie profito-
vat. Praktickd pfidand hodnota je nejvétsi u non-LBBB
a hrani¢ni sife QRS, kde mlze UHF-EKG zpfesnit, zda jde
o skute¢nou dyssynchronii, nebo pouze pseudodyssyn-
chronii_17,19,46,47

Echokardiografie

Echokardiografie byla dlouho povazovana za hlavni na-
stroj detekce mechanické dyssynchronie. Jednoduché
morfologické fenomény septal flash a apical rocking jsou
snadno reproducibilni a dobfe detekovatelné markery,
které maji solidni prediktivni hodnotu pro odpovéd na
CRT u LBBB.>7813:28:293435 St die PROSPECT (2008) vsak uka-
zala, Ze jednotlivé echokardiografické parametry, jako
napf. inter- a intraventrikuldrni zpozdéni nebo tkanovy
doppler, maji nizkou reprodukovatelnost a omezenou
prediktivni hodnotu.® Negativni vysledky studii RETHINQ
(2007) a EchoCRT (2013) dale potvrdily, Ze samotné echo-
kardiografické znamky bez pritomnosti Sirokého QRS
nejsou dostacujici pro indikaci CRT.?>26:34 Novéjsi metody,
jako je speckle tracking echokardiografie, strain analyza
a analyza myokardialni prace, pfinaseji presnéjsi zhodno-
ceni mechanické dyssynchronie.>’-%23484% Kombinace téch-
to metod umoznuje kvantifikovat regiondlni zpozdéni
misto dfive vyuzivanych jednoduchych casovych rozdild.
Dnes byvaji preferovany pokrocilejsi metriky, jako jsou
¢as k vrcholové deformaci v definovanych segmentech,
mechanicka disperze, regionalni ,encircling” (oznaceni
lokalni oblasti) z mapy pozdni aktivace. 3D echokardio-
grafie pridava exaktnéjsi pohled na objemy levé komory
(ESV - endsystolicky objem, EDV - enddiastolicky objem)
a presnéji kvantifikuje reverzni remodelaci, coZ je vhod-
né zejména pro stfednédobé hodnoceni ucinku tera-
pie.”#232° Tkariovy doppler (tissue doppler imaging, TDI)
v rukou zkuseného echokardiografisty ma stale své misto
v diagnostice, ackoli samostatné hrani¢ni hodnoty se dnes
pro samotny vybér pacientd nedoporucuji.>** Vhodnym
vyuzitim je optimalizace a kontrola naprogramovaného
spousténi stimulace jednotlivych elektrod.>0*!

Kardio-MR a CT

Kontrastni MR s pozdnim sycenim gadoliniem (late ga-
dolinium enhancement, LGE) ma vyznam v rozpoznani
a urceni rozsahu jizvy. Uplatnéni nachazi zejména u ji-
zev laterdlni stény levé komory — rozsahld jizva v cilo-
vé oblasti implantace je prediktorem $patné mechanic-
ké odpovédi pri klasické biventrikularni CRT (BiV-CRT)
a MR muze pomoci s vytipovanim pozice elektrody tak,
aby stimulace zasahla pozdné aktivované a viabilni myo-
kardidlni segmenty.” Vyznamnym faktorem ovliviujicim
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odpovéd na CRT se zda byt jizva v oblasti septa.”?® Jako
alternativu k MR Ize pouzit vysetfeni jednofotonovou
emisni vypocetni tomografii (SPECT).®2 CT korondrniho
sinu a jeho pfitokd véetné variant, stenéz a vzdalenosti
n. phrenicus mUze byt uzite¢né pfi planovani pristupu,
zkracuje dobu implantace a sniZuje riziko suboptimalni
polohy elektrody, a to zejména u pacientl s anatomicky-
mi odchylkami, typicky u pacientl s vrozenymi srdecnimi
Vadami_8,21,52—55

Cileni pomoci elektro-anatomického mapovani
Cilené mapovani a nalezeni oblasti pozdni aktivace, napf.
méreni ¢asu od zacatku QRS do lokalniho ventrikularniho
signdlu na elektrodé LK (QLV) nebo vyuziti 3D elektro-
-anatomického mapovani prokazalo, Ze resynchronizace
této oblasti myokardu zvySuje 3anci na odpovéd, zlep-
Suje stimula¢ni parametry a snizuje podil non-respondé-
rg.>4148% \/ randomizovanych a prospektivnich studiich
se ukazalo, Ze mapovaci systémy maji klinicky vyznam
zejména u pacient s non-LBBB, jizvou anebo po selhani
plvodni resynchronizacni terapie.*!4>56

Multiparametricky vybér a planovani

Prediktivni hodnota jednotlivych parametr( je omezend
a izolované ukazatele maji nizkou reprodukovatelnost
i predikéni schopnost. Proto je tfeba najit jednoduchy
postup kombinujici jak klinické, tak laboratorni a zobra-
zovaci vysetfeni.” Nejprve je vhodné pomoci EKG potvr-
dit LBBB podle pfisnéjsich kritérii a kvantifikovat elek-
trickou dyssynchronii (QRS area/VCG, pfipadné UHF-EKG
u hranic¢nich pripadu).?#4247 Dalsim krokem by mélo byt
echokardiografické zhodnoceni fenotypu (septal flash/
apical rocking) a ozfejmeni pfipadné konzistentni pozd-
ni aktivace. Pomoci MR pak muizZeme zmapovat jizvu,
abychom se vyhnuli stimulaci jizevnaté tkané, eventudl-
né odhalit anatomické odchylky a nasledné naplanovat
vykon.”® V pfipadé non-LBBB morfologie nebo anato-
mickych pomérl znemoznujicich optimalni stimulaci je
metodou volby fyziologickd stimulace (LBBAP/HBP).>’
Tato posloupnost je v praxi proveditelnd, vyuziva silné
stranky jednotlivych metod, a umozniuje tak lépe identi-
fikovat pacienty, ktefi muzou z CRT skutecné profitovat
(tabulka 2).

Standardni resynchronizacni terapie

Biventrikuldrni stimulace predstavuje standardni meto-
du srde¢ni resynchronizacni terapie u pacientd splriuji-
cich indika¢ni kritéria. Principem je soucasnd stimulace
pravé a levé komory (prostiednictvim elektrody v povo-
di koronarniho sinu). Tento pfistup a jeho benefity byly
ovéreny v fadé velkych randomizovanych klinickych stu-
dii, které polozily zéklady dnesni praxe. Klicova rando-
mizovand studie CARE-HF prokdzala, Ze CRT u pacientl
se symptomatickym srde¢nim selhanim a LBBB vyznamné
snizuje mortalitu a morbiditu oproti optimalni farmako-
terapii.>®8>° Podobné studie COMPANION (Bristow et
al., 2004) ukazala redukci rizika umrti a hospitalizaci pri
pridani CRT k farmakologické [éc¢bé.>%%° Tyto vysledky
potvrdily CRT jako metodu schopnou zasadné ménit pro-
gndézu nemocnych.

Rozsifeni indikaci pfinesly studie jako MADIT-CRT
(Moss et al., 2009), RAFT (Tang et al., 2010) nebo RE-
VERSE (2008), které ukazaly prinos CRT (snizeni cilového
ukazatele slozeného z umrti a hospitalizaci pro srde¢ni
selhani) i u pacientl s mirnéjsi symptomatikou (NYHA
I1) a SirSim QRS.3133405961.62 CRT se tak stala nejen Iécbou
posledni linie, ale i metodou schopnou zbrzdit progre-
si remodelace a zlepsit klinicky stav v ¢asnéjsich fazich
onemocnénj. 3334406163

Naopak studie RETHINQ a EchoCRT ukdzaly, Zze u pa-
cientd s uzkym QRS (< 130 ms) ¢&i bez prikazu jasné me-
chanické dyssynchronie neni CRT pfinosem, a mlze byt
dokonce $kodliva — studie byly pred¢asné ukonceny pro
vyssi mortalitu u pacientd s CRT.?>?® Tyto vysledky vedly
k zdsadnimu vymezeni indika¢nich kritérii, kterd dnes
zdUraznuji pfitomnost blokady levého Tawarova ramén-
ka a $ifi QRS = 150 ms jako nejsilnéjsi prediktory odpovédi
na CRT.>624323% CRT je také preferovana u pacientt s HFrEF
a indikaci k trvalé stimulaci pro AV blokadu. Tito pacienti
maji oCekavané vysoké procento stimulace a jsou ve vys-
$im riziku stimulaci indukované kardiomyopatie.>->1346
BLOCK-HF a néasledné prace podporuji ¢asné zvazovani
CRT nebo CSP, abychom minimalizovali riziko iatrogenni
dyssynchronie.*

Pfes jednoznacny pfinos konvencni CRT zlstava jeji
ucinnost omezena. Priblizné 30-40 % pacientl nere-

Tabulka 2 - Multiparametricky vybér a planovani

Kroky Zpusob

Kombinovat zakladni informace

Potvrdit elektrickou dyssynchronii
pripadl UHF-EKG

Zhodnotit mechanickou

dyssynchronii pozdni aktivaci

Zmapovat jizvu a anatomii
u rizikovych pacientd
Zvolit stimulacni strategii

Implantace a nasledna optimaliza-

ce nastaveni dle nalezu

Klinika + laboratorni + zobrazovaci metody
Dvandéctisvodové EKG s pFisnymi kritérii LBBB; kvantifikace QRS area/VCG; u hrani¢nich

Echokardiograficky fenotyp: septal flash / apical rocking; ovéfit konzistentni
MR: lokalizace/rozsah jizvy, anatomické odchylky

Typické LBBB — cilena BiV/LBBAP; non-LBBB/nevyhodnd anatomie — CSP (LBBAP/HBP)
Implantace dle planu; kontrola QRS/echokardiografie/klinika; GUprava programovani

BiV - biventrikularni; CSP - stimulace pfevodniho systému; HBP — His bundle pacing; LBBAP - left bundle branch area pacing; LBBB - bloka-
da levého Tawarova raménka; MR — magnetickd rezonance; VCG - vektorkardiografie.
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aguje na terapii, a to i pres splnéni indikacnich krité-
rii,3151829.304059 KK pfi¢cindm patfi nepfiznivd anatomie
koronarniho sinu, jizvy v oblasti stimulace, suboptimal-
ni poloha levostranné elektrody, komorbidity nebo pfi-
tomnost fibrilace sini.*®556465 Technickymi komplikacemi
jsou obtize pfi zavadéni elektrody, jeji dislokace, stimu-
lace branice ¢i vysoké prahové hodnoty. Periprocedural-
ni komplikace (infekce v rdné, iatrogenni pneumotorax
a zZilni trombdzy) predstavuji dalsi rizika, ktera je nutné
pfi implantaci zohlednit.!2152640.46

Nové pristupy v resynchronizacni terapii

Stimulace levé komory (LV-only pacing)

Stimulace levé komory ve fuzi s nativnim pfevodem (LV-
-only pacing, LVO) predstavuje alternativni strategii
k tradi¢ni BiV. Principem je dosaZeni resynchronizace po-
moci soucasné stimulace pozdné aktivovanych casti levé
komory a zachovani fyziologické aktivace pravé komory
nativnim pfevodnim systémem. Dochdzi tak k ¢aste¢né
korekci dyssynchronie a k zachovani elektrické i mecha-
nické integrity kontrakce pravé komory. Tato metoda je
teoreticky vhodna zejména u pacientt s intaktnim atrio-
ventrikularnim (AV) vedenim, s izolovanou blokadou le-
vého Tawarova raménka a relativné zachovanou funkci
pravé komory. Prvni klinické studie ukazaly, Ze LV-only
pacing muUze vést ke zlepseni ejek¢ni frakce levé komo-
ry (EF LK), klinickych symptom i parametr( remodelace
srovnatelnému s BiV.% Vyznamnou vyhodou LVO je i nizsi
spotreba energie pfistroje, coz mlze prodlouzit Zivotnost
baterie a snizit pocet reintervenci. Na druhou stranu tato
metoda vyzaduje velmi peclivy vybér pacientl a precizni
nastaveni AV intervald, aby nedochdzelo ke ztraté syn-
chronie nebo k abnormalni aktivaci. Limitaci je také men-
$i mnozstvi dat z velkych multicentrickych studii; dosud
publikované prace zahrnuji spise mensi soubory pacien-
t0 a kratsi doby sledovani.>” V soucasnych doporucenich
Evropské kardiologické spole¢nosti (ESC) ani HRS neni
LV-only pacing standardni volbou prvni linie. Je viak ke
zvazeni v individudlnich pfipadech, zejména u pacienttd
s neuspokojivou odpovédi na biventrikularni stimulaci,
nebo u téch, kde je dosazeni resynchronizace cestou LVO
LV-only pacing hrat vétsi roli v kombinaci s pokrocilymi
algoritmy automatické optimalizace AV synchronie.>67:68

Stimulace prevodniho systému

Fyziologickd stimulace prevodniho systému (conduction
system pacing, CSP) se etablovala jako nadéjna alter-
nativa BiV-CRT.21"1819394657.6970 Cilem je dosaZeni co nej-
fyziologictéjsi aktivace komor, a tim zajisténi optimalni
elektrické i mechanické synchronie.>3* Hlavnimi metoda-
mi CSP jsou HBP, LVSP a LBBAP, ktera je z téchto metod
nejpouzivanéjsi."’" Rozdily v pozici elektrody ukazuje ob-
razek 1.

His bundle pacing (HBP)

His bundle pacing vyuzivd implantaci elektrody pfimo
do oblasti Hisova svazku, tedy mista, kde se prevodni
systém fyziologicky déli na Tawarova raménka.'®4670.7273
Vyhodou je zcela fyziologickd aktivace obou komor s pro-

Obr. 1 - Pozice stimulacnich elektrod u CSP

HBP - His bundle pacing; LBBAP - left bundle branch area pacing;
LVSP - left ventricular septal pacing; RVSP - right ventricular septal
pacing.

kazatelnym zlepsenim hemodynamickych parametr
a reverzni remodelace u vybranych pacientd.?’”' Randomi-
zované i observacni studie ukazaly vyznamné zlep3eni EF
LK, zmirnéni symptom0 a sniZzeni poctu hospitalizaci pro
srdec¢ni selhani.'7%7274 Limitaci vSak zGstava technicka né-
ro¢nost, relativné nizka uspésnost implantace (70-85 %),
vysoké stimulacni prahy a vyssi riziko dislokace elektro-
dy.'467273 Presto se tato metoda uplatriuje zejména u pa-
cientd s AV blokddou a zachovanym distalnim vedenim
nebo jako soucast hybridnich pfistupd (HOT-CRT).”%7>

Left bundle branch area pacing (LBBAP)
jejici metodu CSP. Elektroda je zavddéna transvendzné
pres interventrikularni septum az do oblasti levého Ta-
warova raménka. Implantace se provadi cilenym Sroubo-
vanim elektrody z oblasti septa PK smérem k levé komore
do subendokardidlni oblasti.'"81946597677 Kritéria Uspésné
implantace zahrnuji charakteristickou zménu morfologie
QRS - prechod k vzoru RBBB, qR v aVL, r’ ve V, (podrob-
néji obr. 2), méreni stimula¢né-ventrikuldrniho intervalu
(stimulus-LV interval < 80 ms), selektivni zachyceni LBB
s viditelnou Hisovou-Purkynovou aktivaci na intrakar-
didlnich zaznamech a ev. doplrikové UHF-ECG pro detailni
mapovani prlibéhu depolarizace.'”194647.787% Specidlni po-
zornost si zaslouzi vyuziti LBBAP u ischemické kardiomyo-
patie, kde vysledky ukazuji zlepSeni mechanické synchro-
nie i navzdory jizvam.'®>7® U RBBB a nespecifické IVCD
je vybér pacientd vhodnych pro BiV obtiznéjsi, ¢asto se
jednd o pacienty s vrozenymi srde¢nimi vadami a po ope-
racich.4"525% Nejlepsich vysledkl v této subpopulaci dosa-
huje LBBAP v centrech, kde je metoda jiz etablovdna.'”:3654
Uspé&snost implantace se ve velkych sériich pohybuje
nad 90 %.'7:32468081 § implantaci LBBAP se objevuje i pojem
deep septal pacing (DSP). Je to typ stimulace, ktery nejcas-
téji vznikne pfi nedostatecné hluboko zavedené elektro-
dé nebo jeji suboptimalni pozici. Casto udavana procenta
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Obr. 2 - Morfologie EKG

BiV - biventrikularni; HBP - His bundle pacing; LBBAP - left bundle branch area pacing; LBBB - blokada levého Tawa-

rova raménka.

Uspésnosti implantace LBBAP jsou dohromady a ,pravého”
LBBAP se dosahuje v cca 60 % implantaci.'”” LBBAP vykazu-
je nizké stimulacni prahy (< 1 V u vétsiny pacientt), sta-
bilni parametry pfi dlouhodobém sledovani a nizsi vyskyt
dislokaci nez HBP. Randomizovana studie LBBP-RESYNC
prokazala, Ze LBBAP vede k vétsi redukci ESV LK, zlepse-
ni mechanické synchronie a markantnéjSimu zlepseni EF
nez BiV-CRT u pacientt s typickym LBBB.2'"16:596975-7882 Ng
rozdil od BiV stimulace neni nutné hledat vhodnou vétev
korondrniho sinu; dalsi vyhodu predstavuji nizsi energetic-
ké naroky, a tim i mensi pocet potencidlnich reintervenci.
Mezinarodni registry potvrzuji konzistentni vysledky s pru-
meérnym narastem EF o 10-15 % a sniZzenim hospitalizaci
pro srdecni selhani o 30-40 %.!"164259657582 Dlouhodoba
data (3-5 let) ukazuji stabilni stimulac¢ni parametry bez vy-
znamného narUstu poctu komplikaci.'72767682 Nevyhoda-
mi jsou mensi pocet velkych multicentrickych randomizo-
vanych studii, nedostatecna standardizace diagnostickych
kritérii (selektivni vs. neselektivni zachyceni LBB), mozné
prodlouzeni aktiva¢niho ¢asu pravé komory a pro tuto me-
todu specifické komplikace jako zvysené riziko perforace
septa ¢i poskozeni koronarni arterie s incidenci udavanou
dO 3 %_2,5,59,69,71,82

Left ventricular septal pacing (LVSP)
LVSP je koncepcné blizky LBBAP, elektroda je zavedena
do interventrikuldrniho septa tak, aby stimulovala levo-

komorovou svalovinu blizko systému Tawarovych ramé-
nek.’707° Vlysledkem je aktivace myokardu fyziologic-
téjsi cestou nez pri klasickém biventrikuldrnim pacingu.
Experimentdlni a ¢asné klinické studie (napf. Rijks et al.,
2022) ukazaly, Zze LVSP zajistuje kratsi dobu od stimulu
k aktivaci levé komory a také pfriznivéjsi vektor krivky
QRS nez BiV.%7%8 \/yhodou oproti LBBAP je jednodussi,
méné hluboké zavedeni, mensi riziko perforace a lepsi
moznost prestavby na klasickou BiV CRT. Nevyhodou je
zatim omezeny pocet klinickych studii s absenci studii
randomizovanych a ne zcela jasnad dlouhodoba stabilita
prah0_40,70,75

Left bundle branch optimized CRT (LOT-CRT)
LOT-CRT kombinuje vyhody LBBAP a klasické stimula-
ce LK z koronarniho sinu.327681828 Typicky je elektroda
umisténa v oblasti levého Tawarova raménka a soucasné
se ponechdva elektroda LK, ¢imz vznikd moznost dualni
stimulace. Cilem je dosahnout lepsi synchronie u non-
-respondérl klasické CRT, pacientl s rozsdhlymi jizvami
nebo s atypickou aktivaci LK. Z klinickych dat vyplyva vyssi
mira reverzni remodelace a vyraznéjsi zlepseni EF oproti
samotnému BiV pacingu.”8* Nékteré mensi studie ukazuji
potencial i u pacientd, u kterych nebylo dosazeno opti-
malni LBBAP (napf. DSP ¢i QRS pres 171 ms) nebo ktefi na
ni nereaguji.3>7>® LOT-CRT se tedy jevi jako slibna cesta
pro obtizné lécitelné pacienty.
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His optimized CRT (HOT-CRT)

HOT-CRT predstavuje kombinovany pfistup, kdy se elek-
troda umistuje jako HBP s doplnénim laterdlni elektrody
LK. Cilem je vyuziti fyziologické aktivace pres HisGv—-Pur-
kyriGv systém a soucasné zlepseni synchronie stimulaci la-
terdIni stény LK. HOT-CRT vede k vyznamnému zkraceni
QRS a zlepseni EF ve srovnani s konvencni BiV stimulaci
u obtizné lécitelnych pacient(.””> Uplatnéni najde prede-
vsim u pacientd, u nichZ samotny HBP nestaci k dosazeni
kompletni korekce dyssynchronie.”73

Multipoint pacing (MPP)

MPP rozsifuje konvencni BiV stimulaci — leva komora je sti-
mulovéana soucasné nebo témér soucasné ze dvou a vice
mist na jedné multikontaktni elektrodé v koronarnim
sinu.' Cilem je aktivace vétsiho objemu myokardu, zkré-
ceni doby elektrické aktivace a dosazeni homogennéjsi
depolarizace. Hlavni skupinou pacientt profitujici z této
metody jsou ti s jizvou v oblasti LK. Klinické studie, zejmé-
na MORE-CRT MPP trial (2019), ukazaly, Ze tato strategie
muUze podpofit reverzni remodelaci a zlepsit funkcni stav
u pacientd, ktefi nereaguji na standardni CRT.?*’> Na dru-
hou stranu je metoda zatiZena vy3si spotfebou energie,
coz mUze vést ke zkraceni Zivotnosti baterie, a vysledky
v rtznych studiich jsou nejednotné."” V soucasnosti je pro-
to MPP povaZovan spise za zachrannou strategii pro non-
-respondéry nez za univerzalni metodu prvni volby.

Nové technologie a strategie v CRT

Uméla inteligence (Al) a prediktivni modely

Rozvoj umélé inteligence umozZrniuje integrovat data
z EKG, echokardiografie, laboratornich parametr( a klinic-
kého stavu pacienta, diky ¢emuz mazeme presnéji pred-
povidat odpovéd na CRT. Nékteré prace ukazuji, Ze multi-
parametrické modely zaloZzené na Al dokazou snizit podil
non-respondérd az o tretinu.®?25 Uméld inteligence ma
potencidl i v optimalizaci programovani AV/VV intervald,
kde by mohla nahradit manudlni echokardiografické me-
tody.'>505167 Pfetrvdva ale nutnost vytvofit rozsahlé a va-
lidované databaze a zajistit transparentnost algoritma.
Navzdory snaze o jeji implementaci zatim chybéji dlouho-
dobé dukazy jeji prospésnosti pfi rutinnim nasazeni.”!

3D mapovani a cilené umisténi elektrod

Vyuzitim echokardiografického navadéni elektrody pfi
(re)implantaci mizeme dosahnout dodatec¢ného klinické-
ho pfinosu.>445566263 Pokrocilé zobrazovaci modality (3D
echokardiografie, MR, speckle-tracking echokardiografie)
umoznuji predem lokalizovat optimdlni misto implantace
LK elektrody.®234849%662 |mplantace elektrody do nejvice
opozdéného segmentu zlepsuje klinické vysledky a reverz-
ni remodelaci.'>?341:454855566263 K presnéjSimu urceni elek-
trické dyssynchronie a vedeni implantace mazeme také
vyuzit parametru QRS area a UHF EKG.'%42447 Tyto para-
metry maji vy$si prediktivni hodnotu nez samotnd $irka
QRS a umozni také odhalit nejvice opozdény segment.®102

Nové generace pristroju a senzory
Vyvoj CRT pfristroja sméruje k postupné miniaturizaci.
Inovace jako multipoint pacing ¢i pouziti novych kvad-

ripolarnich elektrod zlepsily dosah stimulace v urcitych
oblastech LK. Algoritmy typu Adaptive CRT automaticky
pfizplUsobuji AV a VV intervaly aktudlnim potfebam pa-
cienta, ¢imz zvy3suji efektivitu terapie a snizuji riziko hospi-
talizaci.”®® Novinkou jsou také hemodynamické monito-
ry, které pomahaji hodnotit Uspésnost terapie, a mohou
tak predejit dekompenzacim srdecniho selhani.30.31448586

Strategie u non-respondéri

Navzdory vyznamnému klinickému pfinosu metody zG-
stava priblizné 30 % pacientld po implantaci CRT tzv.
non-respondéry, tedy bez vyrazného zlepseni symptomd,
EF LK, reverzni modelace nebo progndzy.257810.131517.28
Identifikace téchto pacientl a terapeuticky pfistup k nim
predstavuje zdsadni vyzvu soucasné praxe. Selhani tera-
pie u této skupiny ma multifaktoridlni pficiny — od ne-
sprdvné indikace a suboptimalni implantace elektrod
napf. v misté jizvy pres komorbidity az po nevhodné
nastaveni pristroje.”#145556263 Patofyziologicky muze jit
o situace, kdy elektrickd resynchronizace nevede k me-
chanické nebo kdy pfitomna jizva znemozZfiuje ucinnou
aktivaci myokardu.?® Mezi nejcastéjsi prediktory Spatné ¢i
chybéjici odpovédi patii neuplna blokada levého Tawaro-
va raménka, pfitomnost rozsahlé jizvy v posterolateralni
oblasti levé komory, perzistujici fibrilace sini, suboptimal-
ni polohovani elektrod a také Spatna adherence k léc¢bé
srde¢niho selhani.?364 Prynim krokem byvé optimalizace
programovani pfistroje. Jednou z moznosti je Uprava AV
a VV intervalu s vyuzitim echokardiografie nebo pokro-
Cilych algoritmd automatické adaptace.?*505%5568 Druhou
moznosti je zména typu stimulace — napf. pacienti s ano-
dovou bipolarni LBBAP typicky dosahuji mensiho zlep3eni
systolické funkce LK neZ pacienti s unipolarni LBBAP.'>32
Pokud tato opatfeni nevedou ke zlepseni, pfistupuje se
k pokrocilejsim strategiim — napf. hybridni stimulaci kom-
binujici klasickou BiV s CSP."” Koncept LOT-CRT nebo kom-
binace BiV a LBBAP prokazuji nadéjné vysledky zejména
u pacientt s rozsahlou jizvou nebo atypickou anatomii,
kde konvencni elektroda LK neni schopna zajistit dosta-
te¢nou resynchronizaci.®®® Zasadni vyznam ma rovnéz
reimplantace levokomorové elektrody.*>>3 Studie ENHAN-
CE-CRT (2018) ukazala, Ze u non-respondérd maze echo-
kardiograficky nebo elektroanatomicky navadéné umis-
téni elektrody vést k vyznamnému zlepseni klinickych
parametrd a reverzni remodelace.>'3232°41.48 Tento postup
je technicky narocny, ale v centrech s dostatecnymi zkuse-
nostmi stdle castéji vyuzivany.

U fibrilace sini (zejména s rychlou odpovédi komor)
mechanické zndmky dyssynchronie ztraceji vypovédni
hodnotu. K zajisténi vysokého procenta stimulace a sta-
bilniho resynchroniza¢niho efektu je dllezita uspésna
rate/rhytm control |éc¢ba fibrilace sini. Obnovenim a udr-
Zzenim sinusového rytmu nebo ablaci AV junkce (vedouci
ke 100% stimulovanému rytmu) dosdéhneme vyznamné-
ho sniZzeni mortality a hospitalizaci pro srde¢ni selhani ve
srovnani s farmakologickou kontrolou frekvence.>3%647487

V souhrnu lze fici, Ze u non-respondérd by méla byt
vzdy provedena komplexni revize stimula¢ni strategie —
od optimalizace nastaveni pres reimplantaci elektrod az
po vyuziti inovativnich kombinovanych invazivnich postu-
pU. Tato personalizovand strategie muze vést k vyznamné
redukci podilu non-respondérl a je doporucena zejména
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Tabulka 3 - Algoritmus pfistupu k non-respondériim, ovéreni

spravnosti indikace a pfitomnosti skutecné elektrické
a mechanické dyssynchronie

1. Optimalizace programovani pfistroje véetné vyuziti
automatickych algoritmd.

2. Revize polohy LK elektrody — pokud je nevhodna, zvazit
repozici.

3. U pacientu s fibrilaci sini zvazeni ablace AVJ k dosazeni 100%
stimulace nebo izolace plicnich zil.

4. U vysoce symptomatickych nemocnych, kde vyse uvedené
kroky selhavaji, zvazeni alternativnich pfistupd (HOT-CRT,
LOT-CRT, LBBAP).

AVJ - atrioventrikuldrni junkce; HOT-CRT - His optimized CRT;
LBBAP - left bundle branch area pacing; LK - levokomorovy; LOT-
-CRT - left bundle branch optimized CRT (LOT-CRT).

u pacientt se slozitou klinickou situaci, kde selhava kon-
vencni pfistup. Toto je shrnuto v tabulce 3.

Zaveér

Resynchronizacni terapie prochazi rychlym vyvojem od
prostého hodnoceni Sitky QRS a klasické BiV k pokroci-
lejSim a slozit&jsim strategiim |é¢by a diagnostiky. Dnesni
diagnostické metody vyuzivaji specializovanéjsi nastro-
je kvantifikace elektrické a mechanické dyssynchronie
v kombinaci s EKG a zobrazovacimi metodami. V terapii
se uplatnuje elektrogramem fizena implantace elektrod,
CSP a nové moznosti programovani pfistrojd. Tyto mo-
derni metody mozna snizi podil non-respondért a zlepsi
klinické vysledky CRT.

Prohlaseni autorti o mozném stietu zajmu
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Familidrni hypercholesterolemie (FH) je casta dédicnd porucha metabolismu lipid{, pro niz jsou charakte-
ristické vyrazné zvysené hodnoty cholesterolu lipoproteint o nizké hustoté (low-density lipoprotein cho-
lesterol, LDL-C) a zvy$ené riziko pfedcasného rozvoje aterosklerotické kardiovaskuldrni nemoci. Familidrni
hypercholesterolemie se tradicné povazuje za monogenni poruchu zpUsobenou patogennimi variantami
v klasickych genech LDLR, APOB nebo PCSK9, které narusi drahu receptor(l pro LDL a odstrafiovani ¢astic
LDL v jatrech. U znac¢ného procenta pacientd splrujicich klinickd diagnosticka kritéria FH vSak patogenni
varianty uvedenych genu nejsou pfitomny, coz ukazuje na slozitéjsi genetickou architekturu. Pokrok zazna-
menany v posledni dobé v oblasti sekvenovani nové generace (next-generation sequencing, NGS) a stano-
veni polygenniho rizika rozsitil poznani genetiky FH. U pacientd bez mutaci mohou byt zvy$ené hodnoty
LDL-C dlsledkem polygenni hypercholesterolemie, kdy kumulativni tcinek nékolika castych variant prispiva
k vyslednému fenotypu. Kromé toho mlze nékolik vzacnych gend vytvorit FH-like fenotyp nebo pusobit
jako fenokopie. Do této skupiny patfi LIPA, ABCG5/ABCGS8, APOE a LDLRAP1, které ovliviiuji metabolismus
lipidd prostiednictvim rGznych molekularnich mechanismi. Uloha STAPT je i nadale sporna, pficemz sou-
Casné dlkazy napovidaji, Ze pravdépodobné nepredstavuje kauzélni gen pro FH. Tento prehled shrnuje
podil vzacnych variant, fenokopii a polygenni architektury na klinickych projevech FH. Rozsifeni panell pro
genetické testovani a stanoveni skére polygenniho rizika mize zvysit diagnostickou presnost a zajistit indi-
vidualizovanéjsi 1écbu pacientu s tézkou hypercholesterolemii a péci o né.

© 2026, CKS.

ABSTRACT

Familial hypercholesterolemia (FH) is a common inherited lipid disorder characterized by markedly elevated
low-density lipoprotein cholesterol (LDL-C) levels and an increased risk of premature atherosclerotic cardio-
vascular disease. Traditionally, FH has been considered a monogenic disorder caused by pathogenic variants
in the classical genes LDLR, APOB, or PCSK9, which disrupt the LDL receptor pathway and impair hepatic
clearance of LDL particles. However, a substantial proportion of patients fulfilling clinical diagnostic criteria
for FH do not carry pathogenic variants in these genes, indicating a more complex genetic architecture.
Recent advances in next-generation sequencing (NGS) and polygenic risk assessment have broadened the
understanding of FH genetics. In mutation-negative patients, elevated LDL-C levels may result from polyge-
nic hypercholesterolemia, where the cumulative effect of multiple common variants contributes to the phe-
notype. In addition, several rare genes may cause FH-like phenotypes or act as phenocopies. These include
LIPA, ABCG5/ABCGS, APOE, and LDLRAP1, which affect lipid metabolism through distinct molecular mecha-
nisms. The role of STAP1 remains controversial, with current evidence suggesting it is unlikely to represent
a causal FH gene. This review summarizes the contribution of rare variants, phenocopies, and polygenic
architecture to the clinical presentation of FH. Expanding genetic testing panels and integrating polygenic
risk scores may improve diagnostic accuracy and facilitate more personalized management of patients with
severe hypercholesterolemia.
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Beyond the Classic Genes

Familial hypercholesterolemia (FH) is a genetically in-
herited disorder characterized by markedly elevated
low-density lipoprotein cholesterol (LDL-C) levels and
a high risk of premature atherosclerotic cardiovascular
disease. FH is a primary disorder of lipoprotein meta-
bolism caused by defects in the LDL receptor pathway,
leading to impaired hepatic clearance of LDL particles
and progressive cholesterol accumulation within the
arterial wall.

The pathogenesis of FH centers on the LDL receptor-
-mediated endocytic pathway. Under normal conditions,
LDL particles bind to the LDL receptor (LDLR) via apolipo-
protein B-100, are internalized with the help of adaptor
proteins, and degraded in lysosomes, releasing choleste-
rol for cellular use. Proprotein convertase subtilisin/kexin
type 9 (PCSK9) regulates this process by promoting LDLR
degradation. Pathogenic variants disrupting LDLR, APOB,
or PCSK9 reduce LDL clearance and result in persistently
elevated plasma LDL-C, accelerated atherosclerosis, and
early coronary artery disease.’

Traditionally, FH has been considered a monogenic
disorder, in which a pathogenic variant in a single gene
disrupts the LDL receptor pathway. The majority of ge-
netically confirmed cases are caused by variants in the
classical FH genes LDLR, APOB, and PCSK9, which toge-
ther account for approximately 60-80% of molecularly
diagnosed FH patients.>* However, a substantial propor-
tion of individuals who meet the clinical criteria for FH
do not carry pathogenic variants in these genes. In such
cases, elevated LDL-C levels may result from a polygenic
architecture, in which the cumulative effect of multiple
common LDL-C - raising variants contributes to the phe-
notype. These variants individually exert modest effects
but may collectively increase LDL-C concentrations, parti-
cularly when combined with environmental factors such
as diet, obesity, or metabolic conditions.>* This model is
often referred to as polygenic hypercholesterolemia and
may explain a considerable proportion of mutation — ne-
gative FH cases.

Another important diagnostic category includes phe-
nocopies, which are genetic disorders that mimic the cli-
nical presentation of FH but arise from different molecu-
lar mechanisms. Examples include conditions caused by
pathogenic variants in genes such as LIPA, ABCG5/ABCGS,
or LDLRAPT. These disorders may present with markedly
elevated LDL-C levels, tendon xanthomas, and premature
atherosclerosis, making them clinically indistinguishable
from FH without genetic testing.2*° Identifying such phe-
nocopies is clinically important because their underlying
pathophysiology and optimal management strategies
may differ from those of classical FH.

In patients who fulfil clinical diagnostic criteria for FH
but lack pathogenic variants in the major FH genes, poly-
genic risk scores (PRS) have emerged as a useful tool for
assessing the cumulative contribution of multiple LDL-C
— associated genetic variants. PRS can help differentiate
polygenic hypercholesterolemia from monogenic FH and
improve diagnostic interpretation in mutation-negative
individuals.? The integration of expanded next-generati-
on sequencing (NGS) panels and polygenic risk assessment
therefore represents an important step toward more pre-
cise molecular diagnosis.

Taken together, these findings indicate that FH should
be viewed as a genetically heterogeneous condition, en-
compassing monogenic disease, polygenic hypercholeste-
rolemia, and phenocopies. In this manuscript, we review
several less common genes that may contribute to FH —
like phenotypes or modify LDL-C levels, including STAPT,
LIPA, ABCG5/ABCGS, APOE, and LDLRAPIT.

STAP1 (Signal Transducing Adaptor Family
Member 1)

The association between STAP7 and FH remains con-
troversial, with conflicting findings across published
studies. In 2014, Fouchier et al. identified STAPT as
a potential fourth autosomal dominant hyperchole-
sterolemia (ADH) gene in patients lacking mutations
in LDLR, APOB, and PCSK9.5 Four missense variants (p.
Glu97Asp, p. Leu69Ser, p. lle71Thr, p. Asp207Asn) were
identified in patients with hypercholesterolemia. Vari-
ant carriers exhibited elevated total and LDL cholesterol,
although levels were generally lower than in carriers of
classical FH mutations. However, subsequent studies did
not confirm cosegregation between STAP1 variants and
hypercholesterolemia. Lamiquiz—Moneo et al. found no
consistent association between genotype and LDL-C le-
vels in seven families with predicted pathogenic STAP1
variants.” Some carriers had normal LDL-C, while some
non-carriers displayed hypercholesterolemia. Mohebi et
al. similarly reported a known STAPT variant (p. D207N)
that did not segregate with the phenotype.® Due to the
lack of robust evidence, several authors have recommen-
ded excluding STAPT from FH diagnostic panels. Early
observations suggested a possible role in mild FH, but
larger studies and family-based analyses do not support
STAP1 as a causative FH gene. Current evidence suggests
that STAPT is unlikely to represent a causal FH gene and
may instead act as a genetic modifier influencing lipid
levels.

LIPA (Lysosomal Acid Lipase A)

LIPA is not a primary FH gene but plays an important
role as an FH phenocopy. Biallelic pathogenic mutations
in LIPA cause cholesteryl ester storage disease (CESD),
a rare autosomal recessive disorder characterised by
elevated LDL-C, hepatomegaly, abnormal liver function,
progressive atherosclerosis, and early cardiovascular
disease. CESD may closely resemble heterozygous FH,
leading to potential misdiagnosis.*> Several studies,
including the Portuguese FH Study, have reported that
a subset of FH-negative patients (those without LDLR,
APOB, or PCSK9 mutations) carry LIPA variants, under-
scoring its relevance as a phenocopy gene.?* As a result,
LIPA is routinely included in expanded NGS panels for
FH.25 Although LIPA mutations account for only a small
proportion of FH — negative cases (approximately 1-2%
in some cohorts), identifying CESD is clinically important
because management differs from classic FH. Thus, LIPA
contributes to enhanced diagnostic precision and avoids
misclassification.
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ABCG5 and ABCGS8 (ATP-binding cassette
transporters)

ABCG5 and ABCGS8 encode sterol transporters involved
in the absorption and excretion of plant sterols and cho-
lesterol. Biallelic mutations in either gene cause sitos-
terolemia, an autosomal recessive disorder presenting
with very high LDL-C, elevated plant sterols (e. g., sitos-
terol, campesterol), tendon xanthomas, and premature
coronary artery disease.>'® Even heterozygous carriers
may show modest LDL-C elevation. Several studies have
reported that 1.5-2.4% of FH cohorts carry pathoge-
nic variants in ABCG5 or ABCG8.#" These variants may
appear alone or alongside classical FH mutations, resul-
ting in oligogenic FH, where combined variants worsen
the lipid profile.® Because clinical criteria alone may
misclassify sitosterolemia as FH (especially in children),
ABCG5/ABCG8 are now standard components of expan-
ded NGS panels. Distinguishing FH from sitosterolemia is
essential because statins are often less effective in sitos-
terolemia, whereas dietary modification and ezetimibe
have greater impact.?®

APOE (Apolipoprotein E)

APOE plays a key role in the clearance of triglyceride-
-rich lipoproteins (VLDL, IDL, remnants) via interactions
with LDLR and related receptors. It has three common
isoforms: ApoE2 - reduced receptor binding, associated
with type Il hyperlipoproteinemia, ApoE3 — neutral,
ApoE4 - associated with higher LDL-C and increased car-
diovascular risk." Rare APOE variants can cause autoso-
mal dominant hypercholesterolemia. The p. Leu167del
variant accounts for ~3% of LDLR/APOB/PCSK9-negative
ADH cases and causes LDLR downregulation by altering
VLDL structure.'? Common APOE isoforms, while not
causal for FH, may modify the FH phenotype. For exam-
ple, APOE4 is associated with a modest LDL-C increase,
while APOE2 is linked to lower LDL-C but predisposes
homozygotes to type Il hyperlipoproteinemia under
certain metabolic conditions."” APOE variants account
for ~1-3% of mutation-negative FH cases.>'? Including
APOE in NGS panels therefore improves diagnostic yield
in patients with an FH phenotype but no mutations in
the major FH genes.

LDLRAP1 (Low-Density Lipoprotein Receptor
Adaptor Protein 1)

LDLRAPT is essential for receptor-mediated endocytosis
of LDL particles. Mutations in this gene cause autosomal
recessive hypercholesterolemia (ARH), a condition that
clinically resembles homozygous FH but differs in inhe-
ritance and molecular pathophysiology.”'* LDLRAP1 en-
codes an adaptor protein required for internalising the
LDL-LDLR complex via clathrin-coated pits. Mutations di-
srupt this process, impairing LDL clearance and leading to
markedly elevated LDL-C, early atherosclerosis, and ten-
don xanthomas. ARH typically presents in childhood or
adolescence and should be suspected in severe FH cases

without mutations in LDLR, APOB, or PCSK9, particularly
in families with parental consanguinity or multiple affec-
ted siblings.>'* Although rare globally, LDLRAP1 variants
are identified in some mutation — negative FH patients
through expanded NGS panels.2® For this reason, LDL-
RAPT is included among rare genes associated with FH-
-like phenotypes.

Conclusion

FH is increasingly recognized as a genetically heterogene-
ous disorder rather than a purely monogenic condition.
Although pathogenic variants in LDLR, APOB, and PCSK9
account for most molecularly confirmed cases, many pati-
ents with a clinical FH phenotype remain mutation-nega-
tive. In these individuals, elevated LDL-C levels may result
from polygenic hypercholesterolemia, oligogenic interac-
tions, or genetic phenocopies. Rare genes such as STAPIT,
LIPA, ABCG5/ABCGS8, APOE, and LDLRAPT may contribu-
te to FH-like phenotypes through different mechanisms
affecting lipid metabolism. Advances in NGS and poly-
genic risk assessment improve diagnostic accuracy and
support more personalized management of patients with
severe hypercholesterolemia.
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Uvod: Koronarni bypass (coronary artery bypass grafting, CABG) nadale pfedstavuje zlaty standard chirur-
gické revaskularizace u komplexni ischemické choroby srdecni. | kdyz doslo k podstatnému zlepseni v oblasti
kratkodobé mortality, dlouhodobého prezivani a netspésnych pokusd o zachranu pacienta se zavaznymi
komplikacemi (failure to rescue, FTR), stale pfedstavuji vyznamné téma klinické praxe. Tradi¢ni modely rizika
pouzivajici regresni analyzu mohou nedostatecné zachycovat slozité nelinearni interakce mezi perioperacni-
mi proménnymi. Tento piehled je syntézou soucasnych dikazl tykajicich se rozhodujicich faktord prezivani
a ulohy strojového uceni (machine learning, ML) v predikovani vysledného stavu po CABG.
Metody: S cilem vyhledat studie publikované v obdobi mezi lednem 2015 a lednem 2024 byla s pouzitim
kritérii PRISMA provedena systematicka reserse databazi PubMed a ScienceDirect. Za vhodné pro dany ucel
byly povaZzovény studie zahrnujici dospélé pacienty s izolovanym koronarnim bypassem (coronary artery
bypass grafting, CABG), v nichz byly uvedeny hodnoty prezivani nebo nelspésny pokus o zachranu pacienta
se zavaznymi komplikacemi (FTR); ve studiich pritom musely byt k predikci pouzity tradi¢ni statistické mode-
ly nebo modely vyuzivajici strojové uceni. Byly zvoleny relevantni parametry spolehlivosti modelu a klicové
proménné predikce a byla provedena kvalitativni syntéza ziskanych hodnot.
Vysledky: Z celkového poctu 3 701 vyhledanych zadznamd splriovalo kritéria pro zafazeni do nasi studie 26
studii a ty byly pouzity v kvalitativni syntéze. Jednoleté prezivani po CABG se pohybovalo v rozmezi 87-94
%, pricemz u pétiletého prezivani to bylo 67-88 % a v pripadé desetiletého prezivani byla hodnota 52-75
%. Celkova incidence neuspésnych pokusl o zachranu pacienta se zavaznymi komplikacemi (FTR) dosahla
priblizné 2-3 %, pficemz mortalita byla vyrazné vyssi po zavaznych komplikacich jako selhani ledvin (~25 %)
a cévni mozkova pfihoda (~13 %). Mezi prediktory nepfiznivého vysledku pravidelné patfily pokrocily vék,
snizena ejekcni frakce levé komory, diabetes mellitus, dysfunkce ledvin a cerebrovaskularni onemocnéni.
Modely s pouzitim strojového uceni — zvlasté souborové algoritmy v kombinaci s technikami intepretovatel-
nosti SHAP — prokazaly vyssi predikéni presnost a diskriminacni spolehlivost ve srovnéni s tradi¢nimi postupy
vyuzivajicimi regresni analyzu.
Zavér: Délka dlouhodobého preziti po CABG se znacné lisi a zavisi na velkém poctu klinickych faktor(. Stra-
tifikace rizika s pouzitim strojového uceni zvysuje presnost predikce a umoziiuje jeji interpretovatelnou in-
dividualizaci. Zac¢lenéni validovanych nastroji umélé inteligence do jednotlivych krokd pfi provadéni CABG
mUze zvysit perioperacni rozhodovani a snizit pocty neuspésnych pokust o zachranu pacienta pfi zdvaznych
komplikacich (FTR).

© 2026, CKS.

ABSTRACT

Introduction: Coronary artery bypass grafting (CABG) remains the gold standard for surgical revasculariza-
tion in complex coronary artery disease. Although short-term mortality has improved substantially, long-
-term survival and failure to rescue (FTR) after major complications remain clinically relevant. Traditional
regression-based risk models may insufficiently capture complex nonlinear interactions among perioperative
variables. This review synthesizes contemporary evidence regarding determinants of survival and the role of
machine learning (ML) in outcome prediction after CABG.
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Methods: A PRISMA-guided systematic search of PubMed and ScienceDirect was conducted for studies pub-
lished between January 2015 and January 2024. Eligible studies included adult patients undergoing isolated
coronary artery bypass grafting (CABG) that reported survival outcomes or failure-to-rescue (FTR) using stati-
stical or machine learning-based predictive models. Relevant model performance metrics and key predictive
variables were extracted and qualitatively synthesized.

Results: From 3,701 identified records, 26 studies met the inclusion criteria and were included in the qualita-
tive synthesis. One-year survival after CABG ranged from 87-94%, while 5-year survival ranged from 67-88%
and 10-year survival from 52-75%. The overall incidence of failure to rescue (FTR) was approximately 2-3%,
with markedly higher mortality observed following major complications such as renal failure (~25%) and
stroke (~13%). Consistent predictors of adverse outcomes included advanced age, reduced left ventricu-
lar ejection fraction, diabetes mellitus, renal dysfunction, and cerebrovascular disease. Machine learning
models—particularly ensemble algorithms combined with SHAP interpretability techniques—demonstrated
improved predictive accuracy and discriminatory performance compared with traditional regression-based
approaches.

Conclusion: Long-term survival after CABG remains heterogeneous and influenced by multifactorial clinical
determinants. Machine learning-based risk stratification provides improved predictive accuracy and inter-
pretable individualized assessment. Integration of validated artificial intelligence tools into CABG workflows

may enhance perioperative decision-making and reduce failure-to-rescue rates.

Introduction

Coronary artery bypass grafting (CABG) remains the cor-
nerstone of surgical revascularization for patients with
complex coronary artery disease (CAD), particularly those
with multivessel disease, diabetes mellitus, or left main
stenosis.” Despite continuous advances in percutaneous
coronary intervention, CABG continues to provide durab-
le survival benefit and long-term symptomatic improve-
ment across diverse patient populations.!

However, the contemporary cardiac surgical land-
scape is characterized by increasing patient complexity,
aging populations, and a growing emphasis on precision
medicine. These changes necessitate a transformation in
the way CABG is planned, delivered, and evaluated." Al-
though operative mortality has decreased substantially,
postoperative morbidity and variability in long-term sur-
vival outcomes remain major clinical challenges.

Failure to rescue (FTR), defined as mortality follow-
ing major postoperative complications such as stroke,
renal failure, reoperation, or prolonged ventilation, has
emerged as an important quality metric in cardiac sur-
gery.? Identifying high-risk patients in the preoperative
period may enable targeted optimization and resource
allocation. Traditional statistical models have contrib-
uted to risk assessment; however, their predictive ca-
pacity may be limited by assumptions of linearity and
difficulty capturing complex interactions among clinical
variables.?

Long-term survival following CABG is influenced by
multiple interrelated factors. A recent systematic review
identified 43 determinants associated with survival after
on-pump CABG, with age, left ventricular ejection frac-
tion, diabetes mellitus, history of cerebrovascular disease,
and renal function consistently reported as major predic-
tors.> These findings highlight the multifactorial nature
of post-CABG outcomes and underscore the need for ro-
bust, data-driven predictive tools.

Artificial intelligence (Al) and machine learning (ML)
techniques have recently demonstrated substantial po-
tential in cardiovascular outcome prediction. Interpre-
table ML models, such as random forest algorithms com-

bined with SHapley Additive exPlanations (SHAP), have
been successfully applied to identify and quantify preop-
erative risk factors associated with FTR after CABG, show-
ing strong discriminatory performance.? Furthermore,
systematic evidence indicates that ML-based approaches
improve survival prediction accuracy and facilitate indi-
vidualized risk stratification in CABG populations.?

Beyond predictive analytics, the future of CABG is
shaped by technological and procedural innovations, in-
cluding robotic-assisted surgery, hybrid coronary revascu-
larization strategies, digital health integration, and en-
hanced recovery protocols.! These developments reflect
a broader paradigm shift toward innovation, individual-
ization, and integration in surgical revascularization.

In this evolving context, integrating machine learning-
based risk prediction with contemporary surgical inno-
vation may represent a critical step toward improving
survival, reducing complications, and advancing patient-
centered care in CABG.

Materials and methods

Search strategy and data sources
A structured literature review was conducted to syn-
thesize current evidence regarding predictive factors of
survival and postoperative adverse outcomes in patients
undergoing coronary artery bypass grafting (CABG), as
well as the application of artificial intelligence (Al) and
machine learning (ML) methods in outcome prediction.

Electronic databases including PubMed, Scopus, Web
of Science, and IEEE Xplore were systematically searched
for studies published between January 2015 and Janu-
ary 2024. The search strategy combined controlled vo-
cabulary (MeSH terms) and free-text keywords related to
“coronary artery bypass grafting”, “machine learning”,
“artificial intelligence”, “risk prediction”, “survival”, and
“failure to rescue”. Boolean operators (AND/OR) were
applied to optimize retrieval.

In addition to published literature, registry-based data
sources frequently cited in the included studies—such
as the Society of Thoracic Surgeons (STS) Adult Cardiac
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Surgery Database and institutional cardiac surgery reg-
istries—were considered as primary data frameworks for
Al-based risk modeling.

The review process followed the Preferred Reporting
Iltems for Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines to ensure methodological transparency
and reproducibility.

Eligibility criteria

Studies were included if they met the following criteria:
(1) Investigated adult patients undergoing isolated CABG.
(2) Evaluated survival outcomes, postoperative mortality,
or failure to rescue (FTR). (3) Applied statistical modeling
or machine learning techniques for risk prediction. (4)
Reported identifiable clinical predictors associated with
survival or adverse postoperative outcomes. (5) Published
in English in peer-reviewed journals.

Studies were excluded if they: (1) Included mixed sur-
gical populations without separate CABG analysis. (2)
Focused solely on off-pump versus on-pump comparison
without predictive modeling. (3) Were case reports, edi-
torials, conference abstracts, or narrative reviews without
original data. (4) Included pediatric populations.

Study selection

All retrieved records were exported into reference ma-
nagement software, and duplicate entries were remo-
ved. Two independent reviewers screened titles and
abstracts for relevance according to predefined eligi-
bility criteria. Full texts of potentially eligible studies
were subsequently assessed.

Disagreements between reviewers were resolved
through discussion and consensus. Where necessary,
a third reviewer was consulted to reach final agree-
ment. The final set of included studies comprised clini-
cal outcome analyses, Al-based predictive modeling
studies, and systematic evidence regarding survival de-
terminants after CABG.

Quality assessment

The methodological quality and risk of bias of the
included studies were independently assessed by two
reviewers.

For observational and predictive modeling studies,
methodological rigor was evaluated based on: Clarity
of study population definition. Adequacy of outcome
definition (e.g., survival, FTR). Completeness of variable

Identification of studies via databases and registers

Records identified from*:
ScienceDirect (n = 3,002)

PubMed (n = 699)

Identification

Records removed before screening:
Duplicate records removed (n = 451)
Records marked as ineligible by
automation tools (n = 0)

'

Records screened

(n =3,250)

Y

Records excluded

- Irrelevant (n = 1,104)

- Review articles (n = 2,071)
- Non-English article (n = 15)

Screening

Reports sought for retrieval

Reports not retrieved
(n=0)

(n =60)
v

Reports assessed

for eligibility (n = 60)

Y

Studies included in
systematic review (n = 26)

Included

Reports excluded (n = 34), due to:
- Irrelevant study design (n = 11)
- Irrelevant outcomes (n = 16)

- No full text (n =7)

Fig. 1 - PRISMA 2020 flow diagram for included studies.*®
* Consider, if feasible to do so, reporting the number of records identified from each
database or register searched (rather than the total number across all databases/regi-

sters).

** |f automation tools were used, indicate how many records were excluded by a hu-
man and how many were excluded by automation tools.
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selection and preprocessing. Validation strategy (inter-
nal and/or external validation). Model performance
metrics (e.g., AUC, F1-score, calibration indices). For
systematic review components, the Cochrane Collabo-
ration Risk of Bias framework was adapted to assess
data collection methods, outcome measurement, sta-
tistical reporting, and reproducibility. Studies were cat-
egorized as low, moderate, or high risk of bias based
on these domains.

Outcome measures

The primary outcome measures included: (1) Overall
survival, defined as short-term (30-day), mid-term (1-5
years), or long-term (>5 years) survival following CABG.
(2) Failure to rescue (FTR), defined as 30-day or in-hos-
pital mortality occurring after major postoperative
complications such as stroke, renal failure, reoperation,
or prolonged mechanical ventilation. (3) Model perfor-
mance metrics, including area under the receiver ope-
rating characteristic curve (AUC), precision-recall curve,
F1-score, calibration indices, and interpretability mea-
sures (e.g., SHAP values). Secondary outcomes included
identification of key predictive factors such as age, left
ventricular ejection fraction, diabetes mellitus, renal
function, cerebrovascular disease, hematologic para-
meters, and biochemical markers.

Results

Study selection

The study selection process was conducted in accordan-
ce with the PRISMA 2020 guidelines. The initial litera-
ture search identified 3,701 records, including 3,002 ar-
ticles from ScienceDirect and 699 articles from PubMed.
After removal of 451 duplicate records, a total of 3,250
records remained for title and abstract screening. Du-
ring the screening phase, 3,190 records were excluded,
including 1,104 irrelevant articles, 2,071 review articles,
and 15 non-English publications.

Subsequently, 60 full-text reports were assessed for
eligibility, and all reports were successfully retrieved.
After full-text evaluation, 34 studies were excluded for
the following reasons: irrelevant study design (n = 11),
irrelevant outcomes (n = 16), and lack of accessible full
text (n = 7). Ultimately, 26 studies met the predefined
inclusion criteria and were included in the final quali-
tative synthesis. The study selection process is summa-
rized in Figure 1.

Study characteristics

A total of 26 studies met the eligibility criteria and
were included in the qualitative synthesis. Sample si-
zes among the included studies ranged from 269 to
347,977 patients. Most studies employed retrospective
observational designs, frequently using large registry
datasets such as the Society of Thoracic Surgeons (STS)
Adult Cardiac Surgery Database or national cardiac sur-
gery registries. These datasets enabled the evaluation
of survival outcomes and predictive factors associated
with postoperative mortality and failure-to-rescue in
patients undergoing CABG.

Reported survival outcomes varied: 1-year survival
frequently exceeded 85-90%, whereas 5-year survival
ranged between approximately 70% and 90%, depend-
ing on comorbidity burden and cohort characteristics.

The included studies were published between 2015
and 2025 and originated predominantly from North
America and Europe, followed by Asia and the Middle
East.

Methodologically, survival analysis was the most
common analytical framework, particularly for long-
term outcomes (1-, 5-, and 10-year survival). Machine
learning approaches were increasingly used in more re-
cent studies, particularly for risk stratification and com-
plication prediction.

Across studies, survival rates following CABG dem-
onstrated consistent short-term outcomes but variable
long-term results:

e 1-year survival: approximately 87-94%,
e 5-year survival: approximately 67-88%,
® 10-year survival: approximately 52-75%.

Failure to rescue rates were reported at approxi-
mately 2-3% overall but were substantially higher
among patients experiencing major postoperative
complications.

Baseline demographics

and clinical characteristics

Across the aggregated datasets, patients undergoing
isolated CABG were predominantly male (approxima-
tely 70-75%) with a mean age ranging from 60 to 65
years.

Common comorbidities included:

e hypertension (>90%),

e prior myocardial infarction (~50%),

e diabetes mellitus (~45-55%),

e chronic lung disease (~25%),

e peripheral arterial disease (~13-22%),
e cerebrovascular disease (~20-25%),

In Al-based predictive modeling of FTR involving
nearly 10,000 patients, the overall FTR rate was 2.5%.
Mortality following specific complications was mark-
edly higher, including:

e renal failure (~25%),

e stroke (~13%),

e reoperation (~11%),

¢ prolonged ventilation (~12%).

Feature selection algorithms identified 12 key pre-
operative predictors associated with FTR, including
age, albumin level, bilirubin level, body mass index,
creatinine level, ejection fraction, hematocrit, hemo-
globin, hemoglobin A1c, MELD score, platelet count,
and white blood cell count.

Discussion

The present review synthesizes contemporary evidence
regarding long-term survival, failure to rescue (FTR), and
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Table 1 - Study characteristics

Ref Author (year) Country Design Sample  Main focus Key survival findings LoE
4 Salmasi, 2023 UK Retrospective 1,957 Ethnic outcomes 10-yr survival 83-86% 11
i 0,
5 Jonsson, 2022 Sweden Prospective 36,898 Stroke impact gzr{%e ¥ survival (49% vs Il
6 Jegaden, 2022 UAE Retrospective 1,432 Arterial graft strategy S el gl Tlong- I
term survival
7 Hendriks, 2022 Netherlands  Retrospective 5,672 Hypothermia during CPB L\:Ijlrl\(,iivfzpothermla BT ST Il}
0 ¥
8 Omer, 2022 USA Retrospective 61,477 LVEF & rescue :Xriﬁv:?s %, | long-term 11l
9 Han, 2021 USA Retrospective 7,652 Surgeon experience :Iulgvi;s;lexperlence, T5yr 11l
10  Sattartabar, 2021 Iran Retrospective 24,328 Age & sex Female & elderly { survival Il
1 Parker, 2020 Lebanon Prospective 1,560 Biomarkers 6-yr survival 86% Il
12 Zarei, 2020 Iran Prospective 404 Vitamin D Deficiency, { survival I
13 Gallo, 2020 USA Retrospective 2,713 Redo CABG 5-yr survival 85-90% 1]
14 Robich, 2019 USA Retrospective 6,415 Glycemic control Higher HbAk,L survival 11l
15  Wang, 2019 China Retrospective 1,144 Renal dysfunction eGFR <60, | survival 11l
16 Karim, 2018 Australia  Retrospective 46,573 OO eM ICORY OUL 5y gy ryival 93-98%% i
17  Luthra, 2018 UK Retrospective 598 Third arterial conduit ml:\ll?\'/_:lrte”al' Tlong-term 11l
18  Cheng, 2018 China Prospective 600 Ventricular arrhythmia Lower survival with VT/VF I
19  Beller, 2018 USA Retrospective 1,272 Troponin levels Elevated troponin, { survival Il
20 Malaisrie, 2018 USA Retrospective 347,977  Pre-op AF ':frjiff:lc'ated with, L 5yr ),
. . . Obesity modifies survival
21  Benedetto, 2017 UK Retrospective 12,244 Obesity & radial graft benefit 11l
22 Luthra, 2017 UK Retrospective 1,226 Second arterial conduit Improved 10-yr survival 11l
23 Najafi 2016 Iran Prospective 566 Opium use Lower 5-yr survival in users Il
24  Efird 2016 USA Retrospective 4,801 COPD COPD,  5-yr survival 11
. . . 20-yr survival lower in
25 Pang 2016 Singapore Retrospective 5,720 Diabetes diabetics 11l
26  Farhadi 2016 Iran Retrospective 269 Severe LV dysfunction :E(;alvrvlyElr:nortallty eyl 11l
27  Singh 2015 USA Retrospective 1,141 Octogenarians 30-day survival 94% I
Machine learning mortalit MLl Lese
28  Mortazavi 2016 USA Retrospective 10,000+ L 9 y prediction accuracy vs 11l
prediction logisti .
ogistic regression
29 Lee 2021 USA Retrospective 10,000+ ML risk prediction using XGBoost model AUC ~0.85 m

STS database

for mortality prediction

Table 2 - Clinical determinants of long-term survival after CABG

Risk category Identified predictors Studies reporting association
Demographic Advanced age, female sex 4,10, 27

Cardiac function Reduced LVEF (<35%), ventricular arrhythmia 8,18

Renal function Mild-moderate renal dysfunction 15

Metabolic Diabetes mellitus, HbA, elevation 14, 35

Pulmonary COPD 24
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Table 2 - Clinical determinants of long-term survival after CABG

Risk category Identified predictors Studies reporting association
Neurological Perioperative stroke 5,29

Rhythm disorders Preoperative atrial fibrillation 20

Biomarkers Elevated troponin, galectin-3 11,19

Graft strategy Multi-arterial grafting improves survival 6,17, 22

Surgeon/center factors Surgeon experience 9

Table 3 - Methodological approaches used in survival analysis

Analytical method Application Frequency in included studies
Cox proportional hazard Long-term mortality modeling Most common

Logistic regression Short-term mortality Frequent

Kaplan-Meier Survival estimation Nearly universal

Propensity matching Confounding adjustment Several studies

Machine learning Risk clustering/prediction Limited but emerging

Table 4 - Reported survival rates across time horizons Table 5 - Special populations and survival impact

Follow-up duration Survival range Subgroup Key finding

30-day 94-99% Stroke patients Markedly reduced long-term survival
1 year 82-97% Severe LV dysfunction  Lower rescue rates and survival

5 years 67-90% Obese vs non-obese Survival difference varies by conduit
10 years 52-86% COPD Worse 5-year survival

20 years 35-53% Redo CABG Acceptable survival but higher risk

South-Asian ethnicity ~ Comparable long-term outcomes

Table 6 - Determinants of long-term survival after CABG categorized by clinical domain

Clinical domain Predictor variable Supporting references
Demographic factors Advanced age 4,5,6,7, 16, 23, 25, 27
Female sex 25, 28
Body mass index (BMI) 7,23
Cardiac functional status Reduced left ventricular ejection fraction 4,6,8,9, 16, 22, 23, 25, 26, 28
Congestive heart failure 16
NYHA functional class 22
Previous myocardial infarction 22, 25,29
Left main coronary disease 17
Extracardiac arteriopathy 17
Arrhythmia-related variables Preoperative atrial fibrillation 20
Ventricular tachycardia 18
Ventricular fibrillation 18
General arrhythmia history 16
Vascular & cerebrovascular disease Peripheral vascular disease 5, 16
Cerebrovascular disease / stroke 5,16, 23
Metabolic & endocrine factors Diabetes mellitus 6, 10, 16, 23
Preoperative glycemic control (HbA, ) 14
Hypercholesterolemia 16

Serum vitamin D level (25[OH]D) 12
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Table 6 - Determinants of long-term survival after CABG categorized by clinical domain

Clinical domain

Renal function

Pulmonary conditions

Surgical & technical variables

Risk stratification tools

Clinical severity indicators

Lifestyle factors

Treatment strategy

Predictor variable
Serum telomerase activity

Galectin-3 concentration

Impaired renal function / elevated creatinine

Chronic obstructive pulmonary disease (COPD)

Respiratory disease

Prolonged postoperative ventilation (PLOS)
Multi-arterial grafting

Radial artery as second conduit
Complete revascularization

Left internal thoracic artery use

Surgeon experience

Prior cardiac surgery

Intraoperative mild hypothermia

CPB temperature (32-33 °C)

EuroSCORE

Critical preoperative status

Preoperative angina requiring IV nitrates
Complications during hospitalization
Smoking

Opium consumption

Type of medical intervention

Supporting references
12

11
4,7,15,16
24

16, 22

24

6, 21, 22
21

6

27

16
23
26

Table 7 - Risk factors stratified by clinical outcome after CABG

Risk factor

Advanced age

Female sex

Low ejection fraction

Prior myocardial infarction
Left main disease

NYHA class IlI-IV

Diabetes mellitus
Hypertension

Peripheral arterial disease
Cerebrovascular disease

COPD / chronic lung disease
Renal dysfunction/ creatinine
Liver dysfunction / MELD score
Low albumin

Elevated bilirubin

Anemia (low hemoglobin/hematocrit)
Elevated HbA

High inflammatory markers (WBC)
Postoperative stroke
Postoperative renal failure

Reoperation

Long-term survival Early mortality

v Strong predictor v
J _
v Strong v Strong
v v
v v
v v
v v
J _
v v
v v
v v
v Strong v Strong
v v
v v
v v
v v
v v
v v
- v
- v
- v

Failure-to-rescue (FTR)

Key references

v 4-7, 16, 28
- 25
v 6, 8, 25, 28
- 22,25
- 17
- 22
v 6, 10, 23
- 10, 16
- 5,16
v 5,16, 23
- 22,24
v Strong 7,15, 28
v 28
v Strong 28
v 28
v 28
v 14, 28
v 28
v Very strong 28
v Highest FTR rate 28
v 28
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Table 7 - Risk factors stratified by clinical outcome after CABG

Risk factor

Prolonged ventilation -

Long-term survival
Complete revascularization v Protective
Multiarterial grafting Vv Protective
Radial artery use v
Surgeon experience v
EuroSCORE / STS risk score v

v

Al-based risk prediction models

Early mortality Failure-to-rescue (FTR)  Key references

v v 28

v - 6

- - 27,28
- - 21

v - 9

v v 17,22, 29
v v Enhanced discrimination 28, 29

the evolving role of machine learning-based predictive
modeling in patients undergoing coronary artery bypass
grafting (CABG). Overall, the findings demonstrate that
CABG continues to provide favorable survival outcomes,
although substantial variability persists across patient
populations. Reported one-year survival rates frequently
exceed 85-90%, whereas five-year and ten-year survival
range approximately between 67-90% and 52-86%, re-
spectively.*7'® These findings indicate that while short-
-term outcomes after CABG remain consistently strong,
long-term prognosis is influenced by a complex interac-
tion of patient characteristics, perioperative manage-
ment, and surgical strategy.*”'® Several observational
studies and registry analyses have demonstrated that
long-term outcomes following CABG are strongly associ-
ated with demographic and clinical factors, emphasizing
the importance of comprehensive preoperative risk asse-
ssment and patient selection.*7:1¢

Across the included studies, several predictors of ad-
verse survival outcomes were repeatedly identified.
Advanced age remains one of the most consistent de-
terminants of mortality following CABG, reflecting the
increased burden of comorbid conditions and reduced
physiologic reserve among elderly patients.*7232527 Simi-
larly, reduced left ventricular ejection fraction (LVEF),
diabetes mellitus, renal dysfunction, and chronic pul-
monary disease have consistently been associated with
worse long-term outcomes after CABG.%'014152425 These
factors likely represent the systemic nature of coronary
artery disease and the cumulative impact of cardiovascu-
lar risk factors on postoperative recovery and long-term
survival 81014152425 |n particular, impaired renal function
and severe ventricular dysfunction have been shown to
substantially increase perioperative vulnerability and
long-term mortality risk.®'>2* Additionally, perioperative
complications such as stroke and ventricular arrhythmias
have been reported to significantly worsen long-term
survival following CABG, highlighting the importance of
early detection and effective postoperative management
of complications.>'®

Beyond patient-related factors, surgical technique and
procedural strategy also appear to influence long-term
outcomes. Several studies have demonstrated that multi-
arterial grafting strategies and the use of additional arte-
rial conduits are associated with improved long-term sur-
vival compared with single arterial grafting approaches,
likely due to superior graft patency and more complete
myocardial revascularization.®'?2 Surgeon experience

and institutional expertise have also been shown to influ-
ence outcomes, suggesting that procedural volume and
surgical proficiency remain important determinants of
CABG success.’ In addition to surgical factors, emerging
evidence suggests that several biochemical and inflamma-
tory biomarkers may contribute to prognostic assessment.
Biomarkers such as galectin-3, vitamin D deficiency, and
elevated troponin levels have been explored as potential
predictors of adverse outcomes after CABG, reflecting un-
derlying inflammatory, metabolic, and myocardial injury
processes that may influence long-term survival.'" 121

Another important concept highlighted in this review
is failure to rescue (FTR), which refers to mortality fol-
lowing major postoperative complications. Although
the overall incidence of FTR after CABG remains rela-
tively low, mortality following severe complications such
as stroke, renal failure, or prolonged ventilation can be
substantial.>®'> These findings indicate that survival after
CABG is not determined solely by baseline patient risk
but also by the effectiveness of perioperative monitor-
ing, early recognition of complications, and institutional
capacity to manage postoperative deterioration.>®' Con-
sequently, FTR has increasingly been recognized as an im-
portant quality metric reflecting both patient-related risk
factors and health-system performance.>81

More recently, advances in artificial intelligence and
machine learning have introduced new opportunities to
improve risk prediction in cardiac surgery. Traditional sta-
tistical models, including logistic regression and Cox pro-
portional hazards analysis, have historically formed the
basis of cardiac surgical risk stratification [16]. However,
these approaches may be limited by assumptions of linear
relationships and may not fully capture complex interac-
tions among multiple perioperative variables.’® Machine
learning algorithms, particularly ensemble methods such
as random forests and gradient boosting models, offer
the ability to analyze large clinical datasets and detect
nonlinear relationships among predictors.?®?° Recent
studies have demonstrated that machine learning mod-
els can improve predictive performance for postoperative
mortality and complications compared with traditional
statistical approaches.?®?®

Importantly, recent developments in interpretable ma-
chine learning techniques have helped address concerns
regarding the transparency and clinical applicability of
artificial intelligence models. Techniques such as SHapley
Additive exPlanations (SHAP) enable the identification
and quantification of individual predictor contributions
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to model outputs, thereby enhancing interpretability and
clinician trust in machine learning-based decision support
systems.?#2° By providing individualized risk predictions,
these models may assist clinicians in identifying high-risk
patients, optimizing perioperative management strate-
gies, and potentially reducing the incidence of failure to
rescue following CABG.%®

The integration of machine learning-based predic-
tive modeling with contemporary innovations in cardiac
surgery may represent an important step toward per-
sonalized surgical care. Advances in minimally invasive
techniques, hybrid coronary revascularization strategies,
enhanced recovery pathways, and digital health moni-
toring are transforming the management of coronary
artery disease and may further benefit from data-driven
risk stratification approaches.5?22%2° When combined with
clinical expertise, machine learning models may facili-
tate individualized surgical planning and improve alloca-
tion of perioperative resources in patients undergoing
CABG.%%2°

Despite these promising developments, several limita-
tions should be considered. Many predictive modeling
studies rely on retrospective registry data, and external
validation across diverse populations remains necessary
before widespread clinical implementation.'®22% Addi-
tionally, heterogeneity in study design, patient popula-
tions, and analytical methodologies limits direct com-
parison across studies included in this review.*”'¢ Ethical
considerations, including algorithm transparency, data
governance, and equitable access to artificial intelligence
technologies, must also be addressed to ensure respon-
sible integration of machine learning into clinical prac-
tice.8

In summary, CABG remains an effective revasculariza-
tion strategy that provides durable survival benefit in
patients with complex coronary artery disease. However,
long-term outcomes are influenced by multiple interact-
ing clinical factors, including patient comorbidities, sur-
gical strategy, and perioperative management.478101415
Emerging machine learning-based predictive models of-
fer promising improvements in risk stratification and may
enhance individualized decision-making in cardiac sur-
gery.?®2% Future research should focus on prospective vali-
dation of artificial intelligence-based tools, multicenter
collaboration, and integration of predictive analytics into
routine clinical workflows to improve patient outcomes
and reduce failure-to-rescue events following CABG.?%2°

Conclusion

Coronary artery bypass grafting (CABG) remains an
effective revascularization strategy with favorable short-
-term outcomes, yet long-term survival is strongly influ-
enced by age, left ventricular function, diabetes, renal
dysfunction, and cerebrovascular disease. Although ove-
rall mortality is low, failure to rescue after major compli-
cations remains clinically relevant. Machine learning-ba-
sed models demonstrate superior predictive performance
compared with traditional approaches and provide in-
terpretable, individualized risk assessment. Integrating
validated artificial intelligence tools into CABG practice

may enhance perioperative decision-making and improve
patient-centered outcomes.
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Cil: Cilem této studie bylo podrobné zkontrolovat udaje o tom, jak koncentrace dodecylsiranu sodného
(sodium dodecyl sulfate, SDS) ovliviiuje miru zachovani extraceluldrni matrix, jeji biokompatibilitu, biome-
chanickou celistvost a Ucinnost decelularizace bovinnich hrdelnich Zil pouzivanych jako prototypy plicnich
xenograftu.
Metody: V databazich PubMed, Scopus a Google Scholar jsme vyhledali studie na téma decelularizace s po-
uzitim SDS publikovanych do cervence 2025. Mezi vhodné patfily studie popisujici vysledky in vitro, in vivo
a transla¢niho vyzkumu s uvedenim koncentraci SDS (0,5-1 %). Vyhleddvané parametry zahrnovaly miru
odstranéni DNA, zachovani extracelularni matrix, vysledky biomechanického testovani, cytotoxicitu a pri-
chodnost $tépu. Vzhledem k heterogenité vysledk( byla provedena jejich syntéza narativni formou.
Vysledky: Celkem bylo vyhleddno 14 studii. Decelularizace byla Uspésna pfi hodnotach SDS 0,5-1 %. PFi
pouZziti SDS v koncentraci 0,5 % se zachovalo vice kolagenu a elastinu, nicméné nebyly odstranény viechny
buriky. V koncentraci odstranil 1% SDS vice DNA, odstranil ale i glykosaminoglykany a do jisté miry doslo
i k odstranéni rastovych faktord. Biomechanické testy prokazaly, ze pevnost v tahu se sice nezménila, avsak
prilis velka expozice vedla k oslabeni konstruktd. In vitro doslo pfi pouziti 1% SDS ke sniZeni Zivotaschop-
nosti bunék. Maly pocet studii naznacil uspokojivou kratkodobou prichodnost, zddraznil rizika kalcifikace
a trombozy.
Zavér: Pouziti SDS zajistuje ucinnou decelularizaci bovinnich hrdelnich zil. Koncentrace 0,5-1 % vyvaZuji od-
stranéni bunék zachovanim extraceluldrni matrix, ale ani jedna moznost neni optimalni. Budouci studie mu-
seji zdokonalit postupy véetné pouziti enzymatickych detergentli a hodnotit dlouhodobé vysledky in vivo.
© 2026, CKS.

ABSTRACT

Objective: The aim of this study was to thoroughly examine the data regarding how SDS concentration
affects the extracellular matrix preservation, biocompatibility, biomechanical integrity, and decellulariza-
tion effectiveness of bovine jugular veins used as pulmonary xenograft prototypes.

Methods: We looked for studies on SDS decellularization of bovine jugular veins in PubMed, Scopus, and
Google Scholar until July 2025. Eligible studies comprised in vitro, in vivo, and translational research evalua-
ting SDS concentrations (0.5-1%). The outcomes extracted encompassed DNA removal, extracellular matrix
preservation, biomechanical testing, cytotoxicity, and graft patency. Narrative synthesis was conducted be-
cause of heterogeneity.

Results: There were fourteen studies in total. SDS at 0.5-1% successfully accomplished decellularization. SDS
0.5% kept collagen and elastin better, however it could have left some cells behind. SDS 1% cleared more
DNA, but it also depleted glycosaminoglycans and made it harder for growth factors to stay in place. Biome-
chanical tests showed that the tensile strength was the same, but too much exposure made the constructs
weaker. In vitro, cell viability diminished on 1% SDS scaffolds. Limited in vivo trials indicated satisfactory
short-term patency but emphasized dangers of calcification and thrombosis.

Conclusion: SDS is effective for bovine jugular vein decellularization. Concentrations of 0.5-1% balance
cellular clearance with matrix preservation, but neither is optimum. Future study should refine procedures,
include enzymatic detergents, and evaluate long-term in vivo outcomes.
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Introduction

A common feature of congenital heart diseases such as
pulmonary atresia and tetralogy of Fallot is right vent-
ricular outflow tract obstruction (RVOTO). A right vent-
ricle—-pulmonary artery (RV-PA) conduit, first introduced
by Rastelli in 1969, frequently becomes necessary for sur-
gical repair." Despite the widespread availability, homo-
graft’s and bovine jugular vein xenografts have a limited
supply, and xenografts have been associated to thrombo-
sis, calcification, and immunogenic degeneration.??

The aim of tissue engineering Is to develop vascular
scaffolds that are secure for the body. Decellularized
pulmonary homograft's (DPH) demonstrate enhanced
long-term patency relative to natural bovine xenografts.*
Unfortunately, homograft's are frequently not available,
especially in regions with limited resources. Developing
decellularized pulmonary xenografts (DPX) from bovine
jugular veins may provide a cost-effective and affordable
alternative.>”

Sodium dodecyl sulfate (SDS) is a hydrophilic deter-
gent that is one of the most widely used to eliminate
cells. It dissolves down membranes and removes nuclear
material, but it might also disrupt collagen, elastin, and
glycosaminoglycans (GAGs).5® The proper dosage of SDS
requires a balance between removing cells quickly and
keeping the extracellular matrix intact.

This systematic review analyzes the effect of SDS con-
centration (in particular, 0.5% and 1%) on the decellular-
ization of bovine jugular veins, focusing on: (1) How ef-

fectively cellular material is removed aside; (2) maintaining
the extracellular matrix (collagen, elastin, GAGs) intact; (3)
biomechanical characteristics; (4) cytotoxicity and recellu-
larization potential; (5) preclinical graft patency

Materials and methods

Search strategy

A systematic search was performed in PubMed, Science
Direct, and BMC until July 2025. PRISMA 2020 guidelines
was utilized. The keywords were “Sodium Dodecyl Sul-
fate”, “decellularized extracellular matrix”, “jugular ve-
ins”, “bovine jugular veins”, and “pulmonary xenograft”.
Boolean operators (,AND"”, ,OR") were applied to opti-
mize the search.

Eligibility criteria

Included were experimental in vitro or in vivo studies and
translational reports studying SDS decellularization of
bovine jugular veins. Non-bovine studies, non-SDS proto-
cols, case reports, inadequate original data, review artci-
les, and articles not published in English were excluded.

Data extraction and analysis

The information extracted included SDS concentration,
exposure duration, decellularization efficiency, extrace-
llular matrix preservation, biomechanical properties, cy-
totoxicity, and in vivo outcomes. SYRCLE's risk of bias tool
was used to determine the quality of the studies.

g Records removed before screening:
= Records identified from*: Duplicate records removed (n = 312)
S ScienceDirect (n = 262,066) Records marked as ineligible by
= PubMed (n = 360) automation tools (n = 0)
S BMC(n=2) Records removed for other reasons
2 (n=0)
Records screened Records excluded**
(n=261,116) Irrelevant study design (n = 164,110)
Irrelevant population (n = 41,325)
Irrelevant intervention (n = 701)
Irrelevant publication type (n = 55,865)
o Irrelevant language (n = 92)
g Y
o
E Reports sought for retrieval Reports not retriever
(n=23) (n=0)
Reports assessed for eligibility Reports excluded (n = 16) due to:
(h=23) Irrelevant outcome (n = 13)
Irrelevant intervention (n = 2)
Irrelevant population (n = 1)
Y
2
S Studies included in
S systematic review (n = 7)
Fig. 1 - PRISMA.

Identification of studies via databases and registers.
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Results

Study selection

The systematic search identified 262,428 records: Pubmed
(n=360), Science Direct (n=262,066), and BMC (n=2). 312
duplicates were removed; 262,116 records were screened.
261,093 articles were excluded due to irrelevant study de-
sign, population, intervention, publication type, or lan-
guage. Sixteen studies were subsequently removed after
full-text screening. Finally, seven studies were included
in the systematic review total (Fig. 1).>°' Moreover,
all included studies were considered high quality studies
using SYRCLE's risk of bias tool. Table 1 describes the out-
comes of the studies.

Decellularization efficiency

SDS succeeded in over 90% nuclear clearance across nu-
merous studies. SDS 1% consistently resulted in greater
in-scope DNA removal compared to 0.5%, even though
residual cellular fragments were occasionally detected in

the latter. More clearance makes immunogenicity less,
but it also makes ECM damage more likely to occur.*%-13

Extracellular matrix preservation

Histology showed that SDS 0.5% was more effective at
maintaining collagen and elastin intact.>'%'2'3 |n contrast,
1% SDS results in GAG depletion and less preservation
of growth factors, which could make it more difficult for
recellularization.

Biomechanical integrity

The maximum tensile strength and burst pressure of SDS-
-treated grafts were identical to those of native veins. But
prolonged exposure (>14 days) damaged scaffold mecha-
nics.*>" The best possible results depend on balancing
both concentration and duration.

Cytotoxicity and recellularization
MTT assays showed reduced cell viability on 1% SDS sca-
ffolds, suggesting residual cytotoxicity or ECM disrupti-

Table 1 - Outcomes of the studies

Study Decellularization Extracellular matrix Biomechanical
efficiency preservation integrity
Bobylev Decellularized Good ECM SDS-treated grafts
et al. homografts and preservation in retained mechanical
(2024)* SDS-treated bovine decellularized properties similar to
conduits showed homografts native tissues.
effective DNA removal and SDS-treated BJV
with high clearance conduits.
rates.
Hao etal. Not primary focus, ECM status not Mechanical integrity
(2023)° but used clinically explicitly detailed but  maintained over
acceptable BJV clinical results were medium-term use in
conduits with prior acceptable. clinical settings.
processing.
Dalgliesh  Decellularization Proper SDS use helps Biomechanical
et al. efficiency is a key to minimize antigenicity =~ outcomes are
(2018)° reducing antigenicity; by preserving ECM. favourable when SDS
SDS helps achieve this exposure is optimized.
when optimized.
Linetal. SDS effectively SDS 0.5% maintained  SDS preserved
(2018)™ achieves >90% nuclear collagen/elastin well;  mechanical strength
clearance. important for scaffold  with proper exposure
functionality. duration.
Sembir- SDS 0.5-1% SDS 0.5% showed SDS 0.5% maintained
ing etal. achieved excellent strong preservation of tensile strength and
(2022)" decellularization; key ECM elements. structure.
higher concentrations
increased removal.
Soebroto  SDS 0.5% effective, SDS preserved Not reported.
et al. though ASB-16 structure, with ASB-16
(2024)* offered additional offering enhanced
benefits. performance in
specific contexts.
Faulk SDS effectively SDS preserved matrix ~ SDS-treated scaffolds
etal. removes cellular elements well under maintained acceptable
(2014)"3 components while controlled exposure. mechanical integrity
maintaining overall when applied
structure with proper correctly.

use.

Cytotoxicity and
recellularization

No major cytotoxicity
reported; SDS-treated
conduits functioned
well.

Not reported.

SDS-treated scaffolds
showed potential
when thoroughly
rinsed.

0.5% SDS showed
high cell compatibility;
1% requires extended
rinsing.

SDS 0.5% supported

stem cell attachment
and viability.

SDS performed well,
ASB-16 showed
additional benefit in
specific assays.

With adequate
washing, SDS-treated
scaffolds supported
recellularization.

Preclinical outcomes

SDS-treated
homografts showed
good early outcomes
and hemodynamics.

SDS-processed
conduits
demonstrated mid-
-term success.

SDS-based processing,
when optimized, helps
reduce xenograft
immune reactions.

SDS-treated grafts

showed positive short-
-term outcomes; long-
-term studies ongoing.

SDS grafts showed
promising animal
model results.

In vitro study; SDS
effects promising
but require in vivo
validation.

SDS treatment offers
reliable structural
preparation for
further testing.




A. Nurrahmah et al.

603

on.? On the other hand, 0.5% SDS scaffolds facilitated
better stem cell attachment and proliferation.

Preclinical outcomes

Short-term patency of SDS-decellularized bovine jugu-
lar conduits was shown in animal models; however, at
mid-term follow-up, complications like calcification and
stenosis were observed.' These results imply that SDS by
itself might not offer sustained durability.

Alternatives and future directions

Zwitterionic detergents like ASB-16 maintain ECM more
effectively but are actually expensive and less accessible.®
Hybrid methods mixing SDS with enzymatic digestion or
nuclease washes could improve outcomes.

In environments with limited resources, SDS-decellular-
ized bovine jugular veins provide a feasible start for the
manufacture of locally produced xenografts. But long-
term durability is still not proven, and it may be necessary
to add anti-calcification or bioactive modifications to the
composition.

Discussion

In the context of tissue-engineered pulmonary xeno-
grafts, decellularization of bovine jugular veins using
sodium dodecyl sulfate (SDS) has shown promise but re-
quires careful optimization of detergent concentration,
exposure time, and post-processing steps to ensure safe-
ty and clinical applicability. This discussion examines the
principal concerns regarding decellularization efficacy,
extracellular matrix (ECM) preservation, mechanical sta-
bility, cytotoxicity and recellularization potential, precli-
nical translation, and prospective developments.

Decellularization efficiency
The crucial step to decellularization is getting rid of cellu-
lar and nuclear material. Residual DNA levels exceeding
50 ng/mg of dry tissue indicate immunogenic risk, whe-
reas the histological absence of nuclei constitutes a vital
quality standard. Numerous studies demonstrate that SDS
concentrations ranging from 0.5% to 1% reliably attain
over 90% nuclear clearance.® Protocols utilizing 1% SDS
resulted in more significant DNA removal compared to
0.5% SDS, but at the expense of more ECM disruption.
Residual nuclear remnants occasionally observed with
0.5% SDS demonstrate the difficulty of balancing the
reduction of immunogenicity with the preservation of
ECM?®. From an immunological point of view, incomplete
decellularization poses a risk of retaining antigenic mate-
rial that could induce graft rejection.®

Extracellular matrix preservation
SDS is a strong ionic detergent that dissolves down cellular
membranes and changes the structure of ECM proteins.
Recent evidence shows that 0.5% SDS preserves collagen
I/ll and elastin better than 1% SDS, which causes glycosa-
minoglycan (GAG) loss and less retention of growth fac-
tors.413

Histological and immunohistochemical analyses show
that laminin and fibronectin expression diminish follow-

ing high SDS exposure, thus preventing adhesion and re-
cellularization potential.”® Composite protocols, such as
0.25% SDS in conjunction with non-ionic detergents, can
maintain ECM ultrastructure while allowing effective de-
cellularization.

Biomechanical integrity

Mechanical competence is essential for the long-term
sustainability of vascular grafts. Research suggests that
SDS-treated bovine veins preserve burst pressure and
tensile strength comparable to native tissue when expo-
sure durations are regulated.” However, extended SDS
treatment (over 14 days) decreases compliance and me-
chanical stability, potentially undermining in vivo perfor-
mance.

Therefore, the concentration and the duration of time
that detergent is used are two variables that need to be
optimized. Brief exposure to 0.5% SDS combined with en-
zymatic digestion seems to give beneficial results.

Cytotoxicity and recellularization

Residual SDS is difficult to completely remove and re-
presents a major cytotoxic risk. In vitro assays show that
scaffolds treated with 1% SDS demonstrate lower cell vi-
ability compared to those treated with 0.5% SDS. This is
probably because of interactions between the detergent
and the proteins.®'* On the other hand, scaffolds that
were treated with lower concentrations of SDS made it
more straightforward for stem cells to attach to them and
grow.*

Extended washing, perfusion-based rinsing, and chem-
ical neutralization using substances like calcium chloride
are examples of mitigation techniques. Hybrid protocols
can further reduce cytotoxic effects while increasing re-
cellularization potential by combining SDS with nonionic
detergents or enzymatic digestion.'?

Preclinical translation and immunogenicity
SDS-decellularized bovine jugular veins demonstrated im-
proved hemodynamics and short-term patency in animal
models.” However, long-term follow up shows complica-
tions like calcification, stenosis, and intimal hyperplasia.’
These results suggest that chronic graft degeneration
may not be inhibited by detergent-based decellulariza-
tion alone.

A significant obstacle to developing immune tolerance
is residual antigenicity, especially xenogeneic epitopes.®
Therefore, to support host integration, adjunctive modi-
fications such as heparinization, growth factor incorpora-
tion, and anti-calcification treatments are needed.'

Alternative and hybrid approaches
Despite SDS's effectiveness, shortcomings led to research
into alternative detergents. Although they are more
expensive and less successful at removing nuclear rem-
nants, zwitterionic agents (CHAPS, ASB-16) provide be-
tter ECM preservation.'? Triton X-100 and other nonionic
detergents are milder but insufficient for thick vascular
tissues.’

Simultaneous combining of SDS with DNase, RNase,
or nonionic detergents is a hybrid strategy that improves
clearance and reduces ECM disruption.’® Vacuum-assisted
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washing and perfusion-based decellularization improve
detergent removal and decreased cytotoxicity."”

Clinical and translational implications
SDS-decellularized bovine jugular veins provide a practi-
cal and affordable substitute for homograft's in limited-
-resource regions. However, standardized procedures
that guarantee safety, reproducibility, and sterility is ne-
cessary for clinical translation. One major obstacle is still
regulatory compliance, which includes validating DNA re-
moval, ECM integrity, and detergent clearance.™

Future clinical trials must evaluate host immune re-
sponses, durability, and growth potential in addition to
patency, especially in pediatric populations where con-
duit growth is important.

Conclusion

In conclusion, SDS is an effective, readily available deter-

gent for decellularizing the bovine jugular vein. Concent-

rations between 0.5 and 1% maintain a balance between

clearing cells and keeping the matrix intact. SDS 0.5%

helps keep the structure of the cells better, while SDS 1%

makes sure that all of the cells are removed while it also

makes the matrix more unstable and more toxic to cells.
Further study should:

1. Establish SDS protocols similar with specific times for
exposure.

2. Consider the combination with enzymatic or zwitteri-
onic detergents.

3. Review the long-term preclinical and clinical patency
outcomes.

4. Establish protocols that are cost-effective and work in
areas with limited resources.

Worldwide, children with congenital heart disease
could have a bigger opportunity to use pulmonary con-
duits if SDS-decellularized bovine jugular xenografts be-
come optimized.
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Paravalvularni absces mechanické ndhrady je vzacna, avsak zavaznad komplikace infekéni endokarditidy.
Muze vést k dehiscenci protézy, embolizaci, poruse pfevodniho systému, vzniku pistéle nebo mechanické
kompresi koronarnich tepen. Kazuistika popisuje pfipad 68letého muze s infekéni endokarditidou mecha-
nické aortalni nahrady, komplikovanou paravalvularnim abscesem, utlakem kmene levé véncité tepny a roz-
vojem akutniho koronérniho syndromu.
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ABSTRACT

Paravalvular abscess of a mechanical valve prosthesis is a rare but serious complication of infective endocar-
ditis. It can lead to prosthetic dehiscence, embolization, conduction system disturbances, fistula formation,
or mechanical compression of the coronary arteries. This case report describes a 68-year-old man with in-
fective endocarditis of a mechanical aortic valve prosthesis, complicated by a paravalvular abscess, compres-

Prosthesis-related infections

Uvod

Infekéni endokarditida (IE) je zanétlivé onemocnéni endo-
kardu. Typicky postihuje pacienty s chlopenni vadou nebo
pfitomnym cizorodym materialem (napf. chlopenni proté-
zy, elektrody kardiostimuldtoru). Podle klasické hypotézy
patogenni mikroorganismy pronikaji ze vstupni brany (du-
tina ustni, kGze, travici trakt) do krevniho recisté, odkud
jsou zaneseny do srdce a zachytdvaji se na postizeném
endokardu, kde dochazi k jejich naslednému mnozeni
a tvorbé tzv. vegetaci — coz jsou utvary tvorené bakterie-
mi, leukocyty a fibrinem. Lokalni a systémové pulsobeni
bakteridlnich toxinl a nasledna reakce imunitniho systé-
mu odpovidaji za pfiznaky IE, které jsou casto nespecific-
ké. Pfi postizeni chlopenni ndhrady muze dojit k praniku
infekce do okoli protézy — coz mlzZe vést az k dehiscenci

sion of the left main coronary artery, and the development of acute coronary syndrome.

protézy, poruse prevodniho systému, vzniku pistéle, em-
bolizaci vegetaci nebo mechanické kompresi koronarnich
tepen. Absces je zanétliva kolekce kolem chlopenni né-
hrady a pfedstavuje vzacnou, avsak zavaznou komplika-
ci IE. Paravalvularni absces vyZzaduje v¢asnou diagnostiku
a efektivni cilenou lécbu.

Popis pFipadu

Osmasedesatilety, plné aktivni muz, s anamnézou néhrady
aortdlni chlopné mechanickou protézou a implantovanym
kardiostimulatorem pro atrioventrikularni (AV) blokadu 3.
stupné (21 let pred pfijetim), byl prijat na spadové interni
oddéleni pro ctyfi mésice trvajici recidivujici febrilie. Byly
vylouc¢eny bézné infekéni zdroje a pro pozitivni nélez sta-
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- Dist 33.5 mm
. Dist 11.6 mm
: Dist 39.9 mm

Dist 19.2 mm

Obr. 1 - Rozsahly, prakticky cirkularni absces kofene mechanické Obr. 4 - Rozsahly absces kofene aorty (TEE). TEE — transezofagedlni
aortalni nahrady (pfi TTE vysetieni). TTE - transtorakdIni echokar- echokardiografie.
diografie.

Obr. 2 - Promyvané abscesové dutiny aortalniho kofene (TTE s ba- Obr. 5 - Absces s promyvanou abscesovou dutinou kofene aorty
revnym dopplerovskym mapovanim). TTE - transtorakalni echokar- (TEE). TEE - transezofagedlni echokardiografie.
diografie.

Obr. 3 - Vyznamna paravalvularni regurgitace se Sirokym jetem vypl- Obr. 6 — Abscesova dutina kofene aorty (CT angiografie).
nujicim prakticky cely vytokovy trakt levé komory (TEE s CFM). CFM CT - vypocetni tomografie.
— colour flow mapping; TEE - transezofagedlni echokardiografie.
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fylokokt v hemokulturdch u predisponovaného jedince
byl pfeloZen na nase oddéleni s podezienim na infeké¢ni
endokarditidu.

PFi vstupnim vysetfeni byl auskulta¢né pritomen klik
mechanické chlopenni protézy se systolicko-diastolickym
Selestem, laboratorné byla zjisténa elevace zanétlivych
parametrd. Odebrané hemokultury opakované proka-
zaly pfitomnost Staphylococcus hominis a byla zahajena
cilena antibioticka Iéc¢ba flucloxacillinem a rifampicinem.
Jicnova echokardiografie odhalila rozsahly, prakticky cir-
kuldrni absces kofene aorty s promyvanou dutinou (33 x
12 mm), zanétliva infiltrace zasahovala suspektné az do
aortomitrdlni kontinuity (obr. 1-6). Na aortdIni nahradé
byla patrna mensi vlajici vegetace a dale byla prokaza-
na vyznamna paravalvuldrni regurgitace (obr. 3, 5) kolem
mechanické protézy. Na elektrodach stimula¢niho systé-
mu v pravostrannych oddilech nebylo patrné zjevné za-
nétlivé postizeni.

Obr. 7 - Koronarograficky nalez s obrazem ttlaku Na zakladé nalezu byl pacient multidisciplinarnim kar-
a elongace kmene levé véncité tepny. diotymem indikovan k ¢asnému opera¢nimu vykonu. Pfi

1 25mm/s  10,0mm/mV 056-40HzZPD | 50Hz ! MAC™ 7.2.00 SPO2 i 12SL w24 2Krat55+1: tmu P hranadz1

Obr. 8 - Vstupni EKG pfi pfijeti.
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Obr. 9 - EKG pfi prvni epizodé anginy pectoris s obrazem kmenové ischemie.
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Obr. 10 - EKG pfi pokracujicich bolestech na hrudi s obrazem blokady levého Tawarova raménka, tésné

pred transportem na operacni sal.

antibiotické |écbé zanétlivé parametry klesaly a kontrolni
hemokultury byly jiz negativni. Pfed planovanou operaci
se objevily typické angindzni bolesti na hrudi, na EKG byl
nejprve obraz kmenové ischemie s naslednym vyvojem
blokady levého Tawarova raménka (obr. 8-10). Urgentni
koronarografie prokazala utlak kmene levé véncité tepny
pfi jinak normalnim nalezu na koronarnich tepnach (obr.
7). Po korekci supraterapeutickych hodnot mezindrod-
niho normalizovaného poméru (INR) pacient podstoupil
dlouhy a technicky ndro¢ny operacni vykon, ktery byl pro-
veden z resternotomie na mimotélnim obéhu, s pouzitim
studené krevni kardioplegie. Byly explantovany pravo-
stranné kardiostimulacni elektrody a nasledné provede-
na excize puvodni mechanické chlopné, kterad byla zcela
utrzena v jedné tretiné obvodu, s toaletou a débride-
mentem destruované okolni tkdné, vlastni aortomitralni
kontinuita byla intaktni. Pro nutnost obnoveni kontinuity
vytokového traktu levé komory (LVOT) pfi jeho zdvazném
ztratovém postizeni byl implantovan aortalni homograft.
Chirurgicky vykon probéhl bez komplikaci, pacient byl
Casné extubovan. Dalsi pooperacni pribéh komplikoval
rozvoj prechodné AV blokdady 3. stupné s nutnosti stimu-
lace cestou epikardialnich elektrod, doslo viak ke spon-
tanni Upravé rytmu a nebylo nutné implantovat trvaly
kardiostimuldtor. Kontrolni echokardiografické vysetreni
prokazalo dobry efekt opera¢niho vykonu a pacient byl
prelozen k dokonceni antibiotické terapie na spadové in-
terni oddéleni. Pfi kontrolnim vy3etreni s odstupem deset
mésicd nemél pacient vétsi obtize a echokardiograficky
nalez byl nadéle pfiznivy.

Diskuse

Paravalvularni abscesy u protetickych chlopennich nahrad
predstavuji jednu z nejzavaznéjsich forem komplikované
infekéni endokarditidy. Jejich vyskyt odrazi rostouci po-
Cet implantovanych mechanickych i biologickych néhrad

(vCetné katetrizacni ndhrady aortalni chlopné [TAVI]), coz
vede k vyssSimu absolutnimu poctu pripadu protetické en-
dokarditidy. Proteticka IE tvofi pfiblizné 20-30 % vsech
pfipadd endokarditidy ve specializovanych centrech a je
spojena svyrazné vy$si mortalitou nez endokarditida
na nativni chlopni."® Samotny absces se nejcastéji tvo-
i v okoli anulu, kde infekce pronikd mezi Sici material
a okolni tkan. Postizené mohou byt mechanické i biolo-
gické nahrady, pficemz rozliSujeme ¢asnou (do 12 mésict
od implantace) a pozdni formu protetické infekcni en-
dokarditidy. Co se tyce infek¢ni endokarditidy na nativni
chlopni, je aortalni chlopen a jeji anulus nachylnéjsi ke
vzniku abscest a pridruzenych komplikaci nez mitralni
chlopen a jeji anulus.*% Zarover uddvany vyskyt perival-
vuldrnich absces mezi pacienty s IE je mezi 30-40 %.%*¢

Mezi zdvazné komplikace zplsobené paravalvularnimi
abscesy patfi periproteticky leak, ktery je dusledkem de-
strukce anulu a ktery mUze zpusobit téZkou regurgitaci
a srde¢ni selhani. Pseudoaneurysmata a fistuly, pri kte-
rych mohou vznikat komunikace mezi srde¢nimi oddily
a zhorsovat hemodynamickou stabilitu pacienta. Déle po-
ruchy prevodniho systému, zejména u aortédlnich nahrad,
kde absces infiltruje membrandézni ¢ast mezikomorového
septa. Vzacné muze perivalvularni infekce vést k zevni
kompresi korondrni tepny a zpusobit akutni koronarni
syndrom.” Tento proces mlze byt rychly a klinicky se pro-
jevit jako ndhla tézka ischemie myokardu s obrazem in-
farktu myokardu s elevacemi useku ST (STEMI) ¢i infarktu
myokardu bez elevaci useku ST (NSTEMI), s kardiogennim
sokem nebo nahlou smrti. Tato vzacna komplikace je po-
psana spise v jednotkach pripadud v konkrétnich kazuisti-
kach. Vzhledem k casto klinicky némé symptomatologii je
diagnostika obtizna.

Transtorakalni echokardiografie (TTE) a transezofa-
gealni echokardiografie (TEE) jsou primarni nastroj pro
diagnostiku protetické IE; obé jsou doporuceny pro pa-
cienty s podezienim na protetickou IE.5' Transtorakalni
echokardiografie mé omezenou senzitivitu, zatimco TEE
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a moderni CT angiografie vyznamné zlepsuji detekci pa-
ravalvularnich komplikaci u protetickych chlopni. CT na-
vic umoznuje detailni zobrazeni rozsahu destrukce a pfi-
tomnosti pseudoaneurysmat, coz je kli¢cové pro planovani
chirurgické lécby.

Chirurgickd lé¢ba zlstava zakladnim pilifem terapie
v kombinaci s cilenou intravendézni antibiotickou terapii.
Radikalni odstranéni infikované tkané a rekonstrukce
anulu jsou technicky naro¢né vykony, zejména u rozsah-
lych abscest. Reoperace u protetické IE s sebou nese vyso-
kou miru chirurgické mortality a dlouhodobé preziti byva
casto nepfiznivé."'? Neprovedeni operace ve vcasném
terminu je spojovano s ¢asnou umrtnosti.’? Prognéza za-
visi na rychlosti diagndzy a nacasovani komplexni |écby.

Zaveér

Kazuistika dokumentuje zavazné komplikace protetické
infek¢ni endokarditidy s tvorbou abscesu korene aorty
s externi kompresi kmene levé véncité tepny a rozvojem
akutniho koronarniho syndromu. Zdudrazriuje vyznam
¢asné multimodalni diagnostiky a tésné spoluprace kar-
diologa, kardiochirurga a infektologa pfi rozhodovani
o urgentnim chirurgickém reseni.

Podékovani

Podékovani patfi viem kolegim, ktefi se podileli na péci
o pacienta a svymi radami pomohli pfi tvorbé tohoto
¢lanku.

Prohlaseni autorti o mozném stretu zajmu
Zadny stfet zajma.

Financovani

Zadné.

Prohlaseni autortl o etickych aspektech publikace
Prace byla napsana v souladu s Helsinskou deklaraci.

Informovany souhlas
Pacient souhlasi s uverejnénim kazuistiky.
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Zemriel doc. MUDr. Peter Kubus, Ph.D., dlouholety primar
kardiologického oddéleni Détského kardiocentra

S hlubokym zarmutkem jsme pfijali zpravu, Zze dne
4. fijna 2026 po vazné nemoci zemriel ve véku 50
let doc. MUDr. Peter Kubus, Ph.D., dlouholety primar kar-
diologického oddéleni Détského kardiocentra 2. |ékarské
fakulty Univerzity Karlovy a Fakultni nemocnice Motol
a Homolka.

S Détskym kardiocentrem spojil podstatnou cast své
profesni dradhy, pracoval zde od roku 2001. Jako détsky
kardiolog se nasledné specializoval pfedevsim na poruchy
srdecniho rytmu, jejich invazivni diagnostiku a l1é¢bu a na
kardiostimulaci. V letech 2016 az 2025 pUsobil zaroven
jako primar kardiologického oddéleni.

Vedle klinické prace se dlouhodobé a systematicky vé-
noval védecké ¢innosti. Byl autorem ¢i spoluautorem témér
sedmdesati odbornych publikaci evidovanych v databazi
Web of Science a jeho préce ziskaly vyznamny mezinarodni
cita¢ni ohlas. Publikoval v pfednich mezindrodnich kardio-

logickych casopisech. Ve svém vyzkumu se soustredil pre-
devsim na poruchy srde¢niho rytmu v détském véku, kate-
trizacni ablace, kardiostimulaci a srde¢ni resynchronizacni
|écbu. Vyznamné se zapojoval také do mezinarodnich mul-
ticentrickych studii a byl spoluautorem mezindrodnich
odbornych doporuceni v oblasti détské elektrofyziologie
a implantabilnich srdec¢nich pfistroja.

V roce 2016 Uspésné ukoncil postgradudlni studium
obhajobou diserta¢ni prace na téma Resynchroniza-
ce a prosynchronizace pfi trvalé kardiostimulaci u déti.
V roce 2020 obhdjil habilita¢ni praci Elektricky manage-
ment srde¢niho selhdni u déti a pacientl s vrozenou sr-
de¢ni vadou a byl jmenovan docentem Univerzity Karlovy
pro obor pediatrie. Jako akademicky pracovnik 2. Iékar-
ské fakulty Univerzity Karlovy se podilel také na vyuce
a vzdélavani dalsich generaci Iékara.

Pro své kolegy byl respektovanym odbornikem a spo-
lehlivym spolupracovnikem, pro pacienty a jejich rodiny
predevsim lékafem, ktery dokazal spojit vysokou odbor-
nost s lidskym a klidnym pfistupem. S détskymi pacienty
umél navazat prirozeny kontakt a ziskat si jejich davéru.
Pravé tato schopnost byla v jeho praci stejné dilezita jako
jeho rozsahlé odborné znalosti a zkusenosti.

Docent Peter Kubu$ zanechal vyraznou stopu v ceské
détské kardiologii, v praci Détského kardiocentra i v Zivo-
tech pacientl a rodin, o které pecoval. Jeho odchod zna-
mena pro nade pracoviité i cely obor velkou ztratu. Ceska
détska kardiologie v ném ztraci jednoho z maéla 3$picko-
vych odbornikd na poruchy srde¢niho rytmu v détském
véku a my ztracime kolegu, se kterym jsme po mnoho let
sdileli kazdodenni praci Détského kardiocentra.

Rodiné, blizkym, koleglim a viem, které jeho odchod
zasahl, vyjadfujeme upfimnou soustrast.

Cest jeho pamatce.

doc. MUDr. Ondrej Materna, Ph.D.,

prednosta Détského kardiocentra 2. Iékarské fakulty
Univerzity Karlovy a Fakultni nemocnice Motol

a Homolka
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Jan Pavlicek a kolektiv.

Vrozené srdecni
vady v klinické

Etiopatogeneze, rizikové faktory,
diagnostika a sledovani

Cena: 1499 K¢

Monografie ma 774 stran, na jejim vzniku se podilelo
celkem 29 autord, editorem je doc. MUDr. Jan Pavlicek,
Ph.D., MHA.

Monografie je rozdélena do téchto casti:

Obecna ¢&ast (5 kapitol), Propedeutika a vysetfova-
¢i metody (dvé kapitoly), Prenatalni diagnostika (jedna
kapitola), Specialni ¢ast 1 (dvé kapitoly), Specialni ¢ast 2
(jedna kapitola), Specidlni ¢ast 3 (Ctyfi kapitoly). Za kaz-
dou kapitolou je zafazen souhrn pouzité literatury, na
z4vér je uveden souhrn zkratek a podrobny rejstfik.

Kniha predstavuje souhrn rozsahlé problematiky vro-
zenych srdecnich vad, které tvofi nejcastéjsi vrozenou
anomalii v populaci. Autorlim se podafrilo velmi prehled-
né sepsat informace o vrozenych srdecnich vadach tykajici
se jejich genetickych i negenetickych rizikovych faktord,
jejich etiopatogeneze, embryologie a klasifikace. Vybor-
né je zafazeni modernich poznatkd molekularni geneti-
ky, prenatalni a postnatdlni diagnostiky, velmi kvalitni je
obrazova dokumentace z oblasti zobrazovacich metod.

V &asti vénované klinické problematice jsou prehledné
uvadény diagnostické postupy, specifickd lé¢ba jednot-

Jan Pavlicek a kolektiv:
Vrozené srdecni vady v klinické praxi.
praxi Etiopatogeneze, rizikové faktory,

diagnostika a sledovani

Praha, Grada Publishing, a.s., 2026, 774 stran.

Prvni vydani, format 167 x 240 mm, pevna vazba, barevny vytisk.
ISBN 978-80-271-7854-4 (pdf)

ISBN 978-80-271-6325-0 (print)

livych vad, pozornost je vénovana také organizaci péce,
etickym otdzkdm, paliativni péci. Celé dilo je prehledné
usporadany soubor komplexnich poznatkdl, vytvoreny
Spickovymi odborniky v oboru détské kardiologie, pedia-
trie a dalSich specializaci. Je jisté, Ze bude vynikajici uceb-
nici nejen pro détské kardiology, ale i pro kardiology i in-
ternisty obecné. Jak je konstatovano v predmluvé knihy,
diky pokroklm zejména v oblasti prenatalni diagnostiky,
détské kardiologie i kardiochirurgie je prognéza déti
narozenych s vrozenou srde¢ni vadou zdsadné lepsi, nez
tomu bylo dfive, tato krasnd monografie k dalSimu zlep-
seni jednoznacné prispiva. Kromé dikd a gratulace auto-
ram je jisté spravné pripomenout velmi kvalitni grafické
a redak¢ni zpracovani této monografie vydavatelstvim
Grada.

prof. MUDr. Michael Aschermann, DrSc. FACC, FESC,
Il. interni klinika kardiologie a angiologie 1. lékarské
fakulty Univerzity Karlovy a VSeobecné fakultni
nemocnice v Praze



Na case zalezi! He
- forxiga.
DARUJTE

(dapagliflozin)
svym pacientum cas

Za kazdym procentem stoji
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SNIZENi \ SNiZENi CELKOVE

SNIZENI
KV UMRTI" MORTALITY vs placebo? KV UMRT}?
o o o,
RRR RRR RRR L
Subanalyza studie Sekundarni cil Metaanalyza studii forx'gae
DECLARE u pacientt s HFrEF* studie DAPA-CKD" DAPA-HF a DELIVER? (dapagliflozin)
HR 0,55 HR 0,69 HR 0,86
(95% Cl; 0,34-0,90) (95% Cl; 0,53-0,88) (95%Cl: 0,76-0,97)
p=0,02 p =0,004 p<0,01

Bezpecnost dapagliflozinu v uvedenych studiich je srovnatelnd s placebem. Celkovy bezpecnostni
profil dapagliflozinu u pacientl s HF a CKD odpovidal zndmému bezpecnostnimu profilu dapagliflozinu.

+ Studie DECLARE: multicentricks, randomizovand, dvojité zaslepend, placebem kontrolovand studie fize 3, hodnatict bezpecnost a ucinnost dapagliflozinu 10 mg/1x denné oproti placebu u 17 160 pacientd s DM2 optimalné écenych famakologickou léchou. Median sledovéni 4,2 roku. 40 %
pacientd mélo pii vstupu do studie KV onemocnéni (sekundarni prevence), 60 % pacientd mélo pouze KV rizikové faktory (primdmi prevence). Primérnim bezpecnostnim ukazatelem byl MACE (KV dmrti, nefatani infarkt myokardu nebo nefatélni ischemickd céuni mozkové pithoda). Primémim
cinostnim cflem byly MACE a slozeny jsledek KV Gmrti nebo hospitalizace pro HF. Studie DECLARE splnila primarmi bezpecnostni il - noninferiorita MACE [HR 0,93 (95% CI; 0,84-1,03), p < 0,001]. Kompozitni il snieni KV mortality a hospitalizace pro srdecni selhani byl snizen 0 17 % (95% CI;
0,73-0,95; p=0,005). Diabetickd kefaaciddza byla castéjsi u dapagliflozinu &,3 %vs0,1%,p= 0,0ZEstejné jako vjskyt genitalnich infekef (0,9 % vs 0,1 %, p < 0,007). Nebyl pozorovn rozdil ve vyskytu amputac, fraktur & Fournierovy gangrény mezi sledovanymi skupinami.

* Studie DAPA-CKD: multicentrickd, randomizovand, dvojité zaslepend, placebem kontrolovand studie, kterd hodnotila efekt léchy daEainfozinem vdavee 1x 10 mg/den oproti placebu na snizent rizika renalnich a KV piihod u 4 304 pacientd s chronickjm onemocnénim ledvin (s nebo bez DM2),
$eGFR > 25a7 <75 ml/min/1,73m? a pomérem albumin/kreatinin v moci (UACR) > 200 a2 < 5000 mglg, ke byli na standartni Iécbé (véetné maximané tolerovanych davek ACEi nebo ARB). Primarmi slozen ci studie: >50% setrvalé snizeni eGFR, onemocnéni ledvin v konecném stadiu (ESKD)
arenalninebo kardiovaskularf dmrti. Sekundami cile: slozeny rendlni cil (> 50% setrvalé snizent eGFR, ESKD nebo rendIni imri), slozenyicil pro KV onemocnéni (hosrita\izace prosidecni selhani nebo kardiovasluléml' mrti)a dmrtiz jakekoliv priciny. Dapagliflozin snizil riziko primdrnihoslozeného
clle 039 %[HR 0,61 (95% CI; 0,51-0,72, p < 0,000000028]. Cetnost vjskytu nezddoucich tcinki a zévaznjch nezédoucich acinki se mezi lécebnymi skupinami neliila.

# Metaanaljza studii DAPA-HF a DELIVER: ve spolecné L)Fedem specifikované metaanaljze na drovni pacienta (n=11007) pokrjvajici ely rozsah ejekénich frakcf u pacientt e srdechim selhanim, kterd vychazela ze studif DAPA-HF a DELIVER, dapa?liﬂozin wyznamné snizil riziko umeti 2KV pricin
0 14%(HR 0,86; 95% C1 0,76-0,97; p = 0,01), riziko celkové mortality 0 10 % (HR 0,90; 95% C1 0,82-0.99; p = 0,03),iziko hospitalizaci pro srdecni selhani 0 29 % (rate ratio 0,71; 95% C1 0,65-0,78; P < 0,001) a MACE (slozenj cil 2 KV umrti infaktu myokardu nebo mozkové prihody) 0 10 %
(HR 0,90; 95% C10,81-1,00; p = 0,045). Dapagliflozin byl icinny napric ejekcni fraki.

(I konfidenénf interval; CKD - chronické onemocnén ledvin; DM?2 - diabetes mellitus 2. typu; HF - srdecni selhani; HFrEF - srdecni selhani s redukovanou ejekén frakci; HR - Hazard Ratio; KV - kardiovaskularni; RRR - relativni redukce rizika.

Reference: 1. KATO, Eri T, Michael G. SILVERMAN, Ofri MOSENZON, et al. Effect of Dapagliflozin on Heart Failure and Mortality in Type 2 Diabetes Mellitus. Circulation [online]. 2019; 139(22), 2528-2536 [cit. 2019-09-30]. DOI: 10,1161/ CIRCULATIONAHA, 119,040130. ISSN 0009-7322.
Dostupné z:https:/www.ahajournals.org/doi/10,1161/CIRCULATIONAHA, 119,040130. 2. Heerspink HJL etal. N EnglJ Med. 2020;383(15): 1436-1446. 3. Jhund PS et a. Nat Med. 2022;28(9):1956-1964.
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Zkracena informace o lé¢ivém pfipravku FORXIGA® 10 mg potahované tablety

Kvalitativni a kvantitativni slozeni: Dapagliflozinum propandiolum monohydricum odpovidajici dapagliflozinum 10 mg v 1 potahované tableté. Jedna 10 mg tableta obsahuje 50 mg laktosy. Teraieutitké indikace: Diabetes mellitus 2. typu (DM2) - u dospéljch pacienti a détf ve véku
10 let a starsich - jako piidavnd lécha k dieté a E/zické aktivite ke zlepSeni kontroly glykemie - jako monoterapie, pokud je Eoda’va’m’ metforminu nevhodné v dasledku intolerance; - jako pridavna lécha jin{’]m lécivm piipravkm k léché DM2. Vysledky studif ve vatahu ke kombinované lécbé
S jingmi €civymi pripravky, viivy na kontrolu glykemie a kardiovaskulami piihody a studované populace viz SPC. Stdecn selhani (SS) - k éché dospélch pacientd se symptomatickjim chronickjim srdecnim selhanim. Chronické onemocnént ledvin (CKD) - k écbé dospéljch pacienti s chronickjm
onemocnénim ledvin. Davkovani a zpisob dpodéni: Doporucend davka je 10 mg dapa%liﬂozinu jednou denng. Pokud je dapagliflozin podavan v kombinaci s inzulinem nebo inzulinovjimi sekretagogy, ze uvazovat o jejich snizené davee, aby se sniilo riziko hypoglykemie. Pripravek se podava
perordlng, jednou denné, kdykali v prubéhu dne, s jidlem nebo mima jidlo. Tablety se polykaji cele. Kontraindikace: Hypersenzitvita na lécivou létku nebo na kteroukoli pomocnou latku. Zviastni upozornéni a opatieni pro pouziti: Neni nutnd dprava davky s ohledem na funkei ledvin.
Nedoporucuje se zahdiit léchu dapa%liﬂozinem u Facientﬁ 5€GFR < 25 ml/min. Utinnost dapagliflozinu na snizent glukazy zavist na funke ledvin, aje snizena u pacientd s eGFR < 45 mlfmin 3 pravdérodobné chybi u pacienti s tézkou poruchou funke ledvin a je treba avait dalkf léchu snizujici
hladinu glukszy, pokud je nutnd dafs kontrola glykémie. Dapagliflozin se nemd pouzivat k Iéché pacientt s diabetem 1. typu. U pacient s tézkou poruchou funkce jater je zvjSend expoice dapagliflozinu. NedoporuEuLe se upravovat davku dle véku. V disledku mechanismu dcinku zvySuje
dapagliflozin diurézu, kterd mize vést k mimému snizent krevniho tlaku. Opatrnosti je zapotfebi u pacient, u kterjch mize pokles krevniho tlaku vyvolany dapagliflozinem predstavovat riziko. U pacientt lécenjch inhibitory spolecného transportéru pro sodik a glukézu (SGLT2i), byly vzdené
hlaSeny pripady diabetické ketoacidozy (DKA), u rizikovych pacientd je nutno uzivat SGLT2i oFatrné. Pred zahdjenim léchy maj bjt pacienti vySetfeni s ohledem na riziko DKA. Pokud se vyskytnou znamky nebo symptomy ketoaciddzy, maji byt pacienti pouceni, aby si zméfili hladiny ketond. Byla
pozorovana prodlouzend ketoaciddza a prodlouzend glukosurie. Po ukoncen léchy dapaglif ozinem mize ketoaciddza tivat déle, ne je cas odvozeny podle plazmatického polocasu eliminace.* Po uvedeni pipravkd SGLTZi na trh {)y\y u pacient hldseny piipady nekrotizujici fasciitidy perinea

(Fournierova gangréna) - jde o vzacnou, ale zavaznou a potenciéiné zivot ohrozujic prihodu, kterd vyZaduje neodkladnou léchu a je tieba pouit pacienta. Vylucovan glukdzy moci mize bt spojeno se zvy’ienr}m rizikem infekci motovych cest. Zkusenosti s dapagliflozinem u pacientd se SS ve tiidé
IV podle NYHAjsou omezené. Nejsou Z4dné zkusenosti s dapagliflozinem v Iéche CKD u pacientd bez diabetu, Kefi nemaii albuminurii. Pacienti s albuminurif mohou mitz lechy dagagliflozinem Ve prospéch. Ve studiich facientﬁ 5 DM2 5 SGLT2i byl pozorovan zvjeny viskyt amputaci na dolnich
koncetinach a neni zndmo, zdajJe 0 skuEinov’ (cinek. Je dalezité pouit pacienty o pravidelné preventivni péci o nohy. Starsi pacienti (> 65 let) mohou bt rizikovéjsi z poh\egu objemové deplece. Pacienti léceni dapaglitlozinem budou mit pozitivni vysledek testu na gkukdzu vmodi,coj je ddno
mechanismem Gcinku lécive litky. V pribéhu (éiby dapagliflozinem byly pozorovany zvjené hodnoty hematokritu. Pacienti s vjraznjm vjSenim hodnoty hematokritu majf bjt sledovani a vysetieni pro vylouceni hematologického anemocnén. Interakee s jinymi lecivymi pipravky a jiné
formy interakee: Dapaglilozin mize zvySovat diuretickj ucinek thiazd a Kickouch diuretk a milze zvySovat rziko dehydratace a hypotenze. Nedoporutuje se monitorovat glykemii metodou stanoveni 1,5-AG, nebof mefen neni u pacientl ufivaicich SGLTZi spolehlive. Dapaglifozin mize
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EU/1/12/795/009-010. Datum revize textu: 12.3.2026.

HSimnéte i, prosim, zmény v informacich o lécivém pripravku.
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CESKA « Ceska asociace
ggﬂgﬁgg'f“ akutni kardiologie

6. — 8. prosince 2026

HOTEL THERMAL, Karlovy Vary

KONFERENCE CESKE
ASOCIACE AKUTNI
KARDIOLOGIE

Bohaty program, zaméreny na akutni a intenzivni kardiologickou
péci, bude doplnén tremi workshopy pro lékare a jednim pro
sestry. Paralelné s lékar'skymi bloky bude probihat sesterska sekce.

Program pokryje vsechny zasadni aspekty akutni kardiologické
péce a my doufédme, Ze Vas zaujme.

REGISTRUJTE SE NA WWW.KARDIO-CZ.CZ
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