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Uvod: Ischemicka choroba srde¢ni (ICHS) je celosvétové hlavni pfitinou umrti, coz je jednim z dGvodd vy-
znamnych technologickych pokrokl interven¢ni kardiologie v poslednich dekddach. Kombinace intravas-
kularniho ultrazvuku (IVUS) a infracervenému spektru blizké spektroskopie (NIRS) nabizi detailni pohled na
morfologii korondrnich tepen a sloZeni aterosklerotickych platl. Tyto pokrocilé zobrazovaci technologie
umoznuji presnéjsi hodnoceni ICHS a zlepsuji terapeutické strategie.
Cil: NIRS dokaze detekovat a urcitym zptsobem kvantifikovat obsah lipidG v aterosklerotickém platu pomoci
index( LCBI (Lipid-Core Burden Index) a maxLCBI4mm (Maximal Lipid Core Burden Index ve 4mm segmen-
tu). V této studii jsme zkoumali vztah mezi témito indexy a progresi aterosklerotického platu v obdobi 9-12
mésicli od perkutanni koronarni intervence (PCl) s implantaci Iékového stentu v kmeni levé koronarni tepny.
Metody: Jednalo se o prospektivni, monocentrickou studii zahrnujici 27 pacientl s vyznamnou sten6zou
kmene levé véncité tepny, ktefi podstoupili IVUS-NRS vedenou PCl. Sériové byly hodnoceny LCBI, maxLCBI-
4mm a objem platu (PV) pred PCl, bezprostfedné po PCl a v rdmci kontrolniho vysetieni za 9 az 12 mésicl
u 18 pacientd.
Vysledky: Primérny vék pacientl dosahoval 72,7 roku, pficemz prevladali muzi (88 %). Primérny LCBI pred
PCl byl 128,9 + 122,0, zatimco maxLCBI4mm byl 263,7 + 172,0. Volumetricky pomoci IVUS méreny PV po PCl
byl 418,7 + 203,3 mm3, pfi kontrole se zvysil na 454,5 + 209,4 mm3 (p = 0,105). Analyza neodhalila vyznam-
nou korelaci mezi rozdilem PV (po PCl a pfi kontrole) a vychozimi hodnotami LCBI, resp. maxLCBI4mm (p =
0,626, resp. 0,786).
Zavér: Vlysledky neprokdzaly statisticky vyznamnou korelaci mezi poc¢atecnimi hodnotami LCBI, resp. maxL-
CBI4mm a progresi PV v kmeni levé véncité tepny. Korelacni grafy vSak naznacuji trend ke snizeni PV u pa-
cientl s vysokymi vychozimi hodnotami LCBI a maxLCBI4mm jako mozny efekt vysoce intenzivni statinové
terapie.

© 2025, CKS.

ABSTRACT

Background: Coronary artery disease (CAD) is the leading cause of death worldwide, which has driven signi-
ficant advances in the field of interventional cardiology. The combination of intravascular ultrasound (IVUS)
and near-infrared light spectroscopy (NIRS) offers a detailed view of coronary artery morphology and plaque
composition. This advanced imaging capability facilitates a more accurate assessment of CAD and enhances
therapeutic strategies.
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Objective: NIRS can detect and quantify lipid content in atherosclerotic plaque using the Lipid Core Burden
Index (LCBI) and the Maximal Lipid Core Burden Index in a 4 mm segment (maxLCBI4mm). In this study,
we examined the relationship between these indices and atherosclerotic plaque progression in the crucial
area of the left main coronary artery (LM) during a follow-up period of 9 to 12 months after percutaneous
coronary interventions (PCl).

Methods: A prospective, single-centre study was conducted involving 27 patients with significant left main
stenosis who underwent IVUS-NIRS guided PCl. Serial assessments of the LCBI, maxLCBI4mm, and IVUS-de-
rived plaque volume (PV) were performed at baseline, immediately post-PCl, and during follow-up at 9 to
12 months in 18 patients.

Results: The mean age of the study population was 72.7 years, with a predominance of male patients (88%).
The average LCBI of the LM coronary artery before PCl was 128.9 + 122.0, while maxLCBI4mm was 263.7 +
172.0. The IVUS-measured PV post-PCl was 418.7 + 203.3 mm3, increasing to 454.5 + 209.4 mm? at follow-up
(p = 0.105). Analysis revealed no significant correlation between the difference in PV and baseline LCBI or
maxLCBI4mm, with p-values of 0.626 and 0.786, respectively.

Conclusion: This study found no significant association between initial LCBI and maxLCBI4mm segment va-
lues and subsequent changes in PV in the left main coronary artery. However, correlation graphs indicate

a trend toward decreased PV in patients with high initial LCBI and maxLCBI4mm.

Introduction

Coronary artery disease remains the leading cause of
death worldwide, according to recent data from the
World Health Organization."? This fact is one of the re-
asons why interventional cardiology research has made
significant advances over the last few decades. The use of
intravascular imaging (IVI) has already become standard
in contemporary clinical practice.

IVl provides more information about the vessel than
conventional coronary angiography (CAG). The two most
widely used methods of IVI are intravascular ultrasound
(IVUS) and optical coherence tomography (OCT).> Both
methods can be used to plan, guide and optimise the fi-
nal result of percutaneous coronary interventions (PCl),
in addition to stratifying the patient’s future risk based
on coronary data analysis. IVUS relies on the analysis of
backscattered ultrasound signals, while OCT analyses the
backscattering of light waves. Each of these methods
presents certain advantages and disadvantages based on
their underlying principles. Generally, IVI characterizes
the morphological features of the coronary arteries be-
fore and/or after coronary interventions.**

A detailed analysis of the characteristics of vessel wall
tissue regarding the presence of lipids and calcifications
has been challenging until recently. In 2013, the FDA ap-
proved a new method - near-infrared light spectroscopy
(NIRS). This system is typically coupled with IVUS and pro-
vides real-time analysis of the composition of atheroscle-
rotic plaques, identifying the likelihood of lipid presence
— known as lipid core plaque (LCP).5

The use of IVI is already established in European and
American guidelines for myocardial revascularization. Clin-
ical scenario in which the use of IVI is recommended in-
cludes PCl of the left main (LM) bifurcation, where IVUS is
typically employed.”® The LM bifurcation represents a criti-
cal area within the coronary system. A long-term successful
outcome in this region necessitates not only an impeccable
intervention guided by IVUS, ideally performed at a high-
-volume catheterization centre,® but also a comprehensive
understanding of all factors influencing the vessel’s post-
-intervention condition. NIRS can detect and quantify lip-

ids in atherosclerotic plaques within coronary arteries. The
probability of their presence is coded in different colours.
Thus, NIRS may also be valuable in predicting the progres-
sion of atherosclerosis following PCl of the LM.

Near-infrared spectroscopy

NIRS is a catheter-based intravascular imaging tool. The
fundamental principle of this method involves spectrosco-
pic analysis to determine the unknown chemical compo-
sition.’® The spectrometer emits radiation of a known wa-
velength into the sample, with a range of 780-2500 nm,
which is classified as near-infrared light radiation. This
wavelength range is advantageous because it does not
interact with haemoglobin or water, unlike optical cohe-
rence tomography (OCT), and therefore does not require
the use of contrast agents for blood clearance.!-"3
Within the sample, the radiation is partially scattered
and absorbed, based on the presence and concentration
of specific chemical bonds.™ The altered radiation is then
returned to the spectrometer, where it is analysed to pro-
duce a graph of absorbance for each wavelength. Each
chemical substance interacts uniquely with the wave-
length, producing a distinct graph of absorbance. This
allows for the identification of chemical composition
within the analysed segment of the coronary artery.'*'"
The qualitative results are represented by chemogram
and block chemogram, while the quantitative analysis is
expressed through Lipid Core Burden Index (LCBI) and
LCBI for the most affected 4 milimetres (maxLCBI4mm).'®
NIRS provides a two-dimensional graphical representation
of the analysed coronary artery segment. The technique
conducts a detailed analysis every 1 mm, assessing up to
1300 points per millimetre. Each point in the analysed
section is assigned a colour indicating the probability of
lipid presence, ranging from red (indicating a low prob-
ability of lipids) to yellow (indicating a high probability
of lipids)."”'® The quantitative expression of NIRS results is
labelled as the Lipid Core Burden Index (LCBI). This index
serves as a numerical representation of the chemogram,
providing a dimensionless value. It quantifies the number
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of points within the analysed segment that exhibit a lipid
presence probability greater than 0.6, multiplied by 1000.
MaxLCBl4mm is the highest automatically determined
LCBI value within any 4 mm segment, indicating the area
with the most significant lipid-core plaque presence.'*2°

Methods

Design

This prospective, single-centre study was designed to
investigate the relationship between near-infrared
spectroscopy (NIRS)-derived indexes (Lipid Core Burden
Index [LCBI] and maxLCBI4mm of the left main coronary
artery [LM]) and the volumetrically assessed plaque volu-
me (PV) of the LM. The aim was to predict atherosclerosis
progression following percutaneous coronary interven-
tion (PCI) with the latest generation drug-eluting stent
(DES). The study followed the Declaration of Helsinki, was
approved by the local Ethics Committee and all patients
signed the informed consent.

Sub-analysis of the cohort includes assessment of ath-
erosclerosis progression according to statin dose — group
of high intensity dosage of statin (HDS) and moderate in-
tensity dosage of statin (MDS). High intensity dosage of
statin includes patients with dose of atorvastatin 40 mg
and more or dose of rosuvastatin 20 mg and more.?'

Patients with coronary artery disease (CAD) under-
went baseline IVUS-NIRS-guided PCl of the LM bifurca-
tion, followed by serial IVUS-NIRS examination of the
LM at follow-up catheterization between 9 to 12 months
after baseline procedure. During both procedures, NIRS-
-derived LCBI and maxLCBl4mm of the LM, as well as IVUS-
-derived volumetric analysis of the LM, were obtained at
baseline, immediately post-PCl, and during the follow-up
catheterization.

Additionally, a clinical follow-up was conducted at 1,
3, 6, and 12 months post-index procedure for all enrolled
patients. We were aiming to clinical events such as death,
rehospitalization due to cardiovascular reasons, acute
myocardial infarction (AMI), repeated coronary angio-
graphy (CAG), and target or non-target lesion revascular-
ization (TLR or NTLR).

NIRS analysis

The NIRS analysis was conducted using a 3.2-French du-
al-modality intracoronary catheter (DualPro™; Infraredx
Inc.). NIRS analysis was specifically restricted to the seg-
ment of the left main coronary artery (LM), identified by
the proximal edge (ostium in the aorta) and the distal
part (the last frame before the LM divides into the left
anterior descending artery [LAD] and the left circumflex
artery [RCx]). The software automatically calculated the
Lipid-Core Burden Index (LCBI) and the maxLCBI4mm for
this segment, as previously described.

Data were collected at three key stages: baseline (prior
to PCl), immediately post-PCl, and during follow-up cath-
eterization. These data helped in assessing the progres-
sion of atherosclerosis and the effectiveness of the PCI.

Figures are included to illustrate the NIRS analysis:
Figure 1 presents a simplified scheme of NIRS analysis of
the coronary artery, Figure 2 demonstrates the applica-
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Fig. 1 - Simplified scheme of NIRS analysis of the coronary artery.
(A) Section of the analysed coronary artery (x-axis shows the ar-
tery longitudinally, y-axis shows the transverse section). The sec-
tion where the chemical analysis was carried out, point by point,
is shown in blue. (B) Simplified graph of absorbance of different
wavelengths for cholesterol and collagen (the shape of the cur-
ves does not correspond to the real curves of absorbance for the
collagen and lipids). (C) According to the probability of the pre-
sence of lipids, each of the analysed points is assigned a value of
0-1, which corresponds to a colour scale from red to yellow. (D)
Resulting chemogram with LCBI and maxLCBI4mm values and block
chemogram with the length of the analysed section.

tion of NIRS in clinical practice, and Figure 3 compares
images from coronary angiography (CAG), intravascular
ultrasound combined with NIRS (IVUS-NIRS), and optical
coherence tomography (OCT).

IVUS analysis
Intravascular ultrasound (IVUS) data were recorded simul-
taneously using the same dual-modality intracoronary
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Fig. 2 - Combined imaging of the examined section from the latest version of IVUS-NIRS (Makoto Intravascular Imaging System™) in real
practice. (A) Sagittal view in the distal part of the examined coronary artery segment. This is a co-registered IVUS and NIRS recording. Black
and white IVUS image in the central part. Along its perimeter, a coloured bar expressing the chemogram in the adjacent section (according
to the probability of cholesterol presence from red to yellow). In the very centre of the image, a coloured circle - expressing the block che-
mogram in this frame. (B) Chemogram and block chemogram of the entire examined part. By moving the cursor, you can select individual
sections in the IVUS pull-back record. (C) Examples of 5 sections through the investigated vessel showing a high probability of the presence
of cholesterol plaques in last images.

Fig. 3 - Comparison of CAG, IVUS-NIRS and OCT
images from the same part of the artery. (A)
CAG focused on the left coronary artery — mid-
dle part of the left anterior descending (LAD),
just behind origin of the diagonal branch. The
red line shows the segment further analysed by
IVUS-NIRS and then OCT. (B) IVUS-NIRS analysis
of the middle part of the LAD (mentioned abo-
ve). In the left part of the figure, black and white
sagittal IVUS section through the artery (yellow
arrow - LAD, red arrow - side branch, blue circle
- shows the external elastic membrane, red circle
- shows the lumen of the artery, white arrow
- fibrotic plaque with calcifications). Around
perimeter, a coloured bar represents the chemo-
gram of the adjacent section and in the middle
a coloured circle represents the cumulative block
chemogram in that section. On the right there is
the chemogram and block chemogram of the en-
tire analysed LAD with LCBI 97 and maxLCBI4mm
298. (C) OCT analysis of the identical segment. In
the left part co-registered view with CAG. White
brackets show the entire length of the analysed
segment (75 mm totally), red line shows the cu-
rrently analysed segment. In the right part of the
figure OCT image. The white circle indicates the
LAD area with a centrally placed OCT catheter,
from which a dark shadowing bar emits. The red
‘ arrow points to the lateral diagonal branch, the
white arrow to the fibrotic plaque with calcifi-
cations with maximum arterial involvement be-
tween 4 and 12 o'clock, the red circle highlights
the lumen area of the segment.
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Table 1 - Demographic characteristics of analysed sample

Number of patients (enrolled/excluded) 27/9
Excluded patients 9 (33.3%)
Died 3(33.3%)
Covid-19 2 (22.2%)
Incomplete data 4 (44.4%)
Male sex 15 (88%)
Age (years) 72.7 (£ 5.5)
Acute myocardial infarction 7 (38.8%)
Chronic coronary disease 11 (61.1%)
Body mass index (kg/m?) 27,9 (£ 4.2)
Diabetes mellitus 8 (44%)
If yes: insulin-dependent 4 (50%)
Hypertension 17 (94.4%)
Chronic kidney disease (CKD) 3 (16.6%)
If yes: CKD G2 1(33.3%)
If yes: CKD G3 2 (66.6%)
Dyslipidaemia 18 (100%)
If yes: atorvastatin 80 mg 2 (11.1%)
If yes: atorvastatin 40 mg 7 (38.9%)
If yes: atorvastatin 20 mg 5(27.8%)
If yes: atorvastatin 10 mg 1(5.6%)
If yes: rosuvastatin 40 mg 2 (11.1%)
If yes: rosuvastatin 20 mg 1(5.6%)
High intensity dosage of statin* 12 (66.6%)
Moderate intensity dosage of statin* 6 (33.3%)
Current smoker 0 (0%)
History of CAD 8 (44%)
If yes: in target lesion 1(12.5%)
2 and more stent technique of PCl 14 (77.8%)
P2Y, inhibitor 18 (100%)
Clopidogrel 15 (83.3%)
Ticagrelor 3 (16.6%)

* High intensity dosage of statin includes patients with dose of
atorvastatin 40 mg and more or dose of rosuvastatin 20 mg and
more.

catheter. The pullback speed was set at 0.5 mm per se-
cond. IVUS analysis was conducted in accordance with the
criteria set forth by the American College of Cardiology
consensus statement on IVUS.?2 Both baseline and follow-
-up IVUS images were evaluated by experienced analysts.

The external elastic membrane (EEM) and lumen were
assessed at intervals of every 0.2 mm. The cross-sectional
area defined by the EEM is referred to as the cross-sec-
tional EEM area (EEM CSA), while the area defined by the
lumen/stent is known as the cross-sectional minimal lu-
men/stent area (MLA/MSA CSA). The plaque burden area
(PB) is calculated as the difference between the EEM CSA
and the MLA/MSA CSA, expressed in square millimetres,

alongside the entire length of LM in each timepoint of
the analysis. Simpson’s rule was applied to generate
a volumetric model of the lumen and calculate the total
plaque volume (PV) of the left main coronary artery in
cubic millimetres.z The analysis was performed at three
key stages: baseline (prior to PCl), immediately post-PCl,
and during follow-up catheterization.

Statistical analysis

Basic characteristics of patients were divided into catego-
rical variables and continuous variables. Continuous va-
riables were described by mean and standard deviation,
categorical variables were presented as frequencies and
relative frequencies. The lumen area and plaque volume
were evaluated as the sum of the volumes of the trunca-
te cone between two measurements. Changes of lumen
area or plaque burden volume were calculated as a diffe-
rence between values before PCl and after PCl and after
PCl and in the follow-up.

Statistical significances of plaque volume change in all
dataset and in groups of statin dose were tested by Wil-
coxon signed-rank test. The differences of plaque volume
change between groups of statin dose were tested by
Mann-Whitney U test. Relationship between PV change
and LCBI index was tested by Spearman’s correlation coef-
ficient. Change of parameter analysis was performed using
SPSS software (IBM Corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp.)

Results

Patient characteristics

Between May 2016 and July 2022, a total of 27 patients
with significant left main stenosis were enrolled in the stu-
dy after providing informed consent. All patients under-
went baseline IVUS-NIRS-guided PCI. Prior to the final sta-
tistical analysis of the NIRS and IVUS data, nine patients
were excluded for various reasons: three patients died
before the scheduled IVUS-NIRS follow-up, two patients
declined the follow-up IVUS-NIRS due to the COVID-19
pandemic, and for four patients, the data were deemed
unevaluable due to technical issues or poor imaging qua-
lity. As a result, complete NIRS-IVUS data from both ba-
seline and follow-up were available for 18 patients. The
NIRS and IVUS data for these patients were analyzed and
statistically evaluated. Clinical follow-ups, conducted as
outpatient visits or by phone at 1, 3, 6, and 12 months af-
ter the index procedure, focused on major cardiovascular
clinical events including death, rehospitalization due to
cardiovascular reasons, acute myocardial infarction, and
target or non-target lesion revascularization. The clinical
follow-up was completed in all patients.

Population with complete data

The mean age of the patients was 72.7 + 5.5 years, with
15 patients (83.3%) being male and a mean body mass
index (BMI) of 27.9 + 4.2. The indication for baseline PCI
was acute myocardial infarction in 7 patients (39%), whi-
le the remainder underwent PCl due to chronic coronary
disease. The mean left ventricular ejection fraction in the
population was 53 + 13%. Eight patients (40%) had dia-



M. Hudec et al.

11

Table 2 - Clinical characteristic of complete group

Clinical follow-up control (at least 2 controls) 27 (100%)
Month 1 18 (66.7 %)
Month 3 18 (66.7 %)
Month 6 22 (81.5%)
Month 12 24 (88.9%)

Clinical events 15 (55.5%)
Death 3 (20%)

Cardiovascular reason 0
Acute myocardial infarction 1(6.7%)
Rehospitalization 8 (53.3%)
Cardiovascular reason 2 (25%)
Target lesion revascularization 1(6.7%)
Non-target lesion revascularization 2 (13.3%)

Table 3 - Basic IVUS-NIRS characteristics of patients

Mean = SD
LM LCBI before PCl (mean) 128.9 + 122.0
maxLCBI4mm before PCl (mean) 263.7 £ 172.0
LM LCBI post-PCl (mean) 48.1 + 35.1
maxLCBI4mm post-PCl (mean) 129.6 + 101.6
LM LCBI follow-up (mean) 57.6 £ 50.9
maxLCBI4mm follow-up (mean) 133.7 £ 136.7
Lumen volume before PCl (mean) 121.8 £ 68.4
Lumen volume post-PCl (mean) 184.3 + 96.9
Lumen volume follow-up (mean) 195.9+ 119.4

Lumen volume: difference between before
PCl and post-PCl

PV baseline
PV post-PCl
PV follow-up

PV difference between follow-up
and post-PCl

PV difference between follow-up
and post-PCl according to statin dosage:

High intensity dosage of statin

Moderate intensity dosage of statin

Average number of analysed cross sections
per a patient

62.5+79.4;61.6
(-29.0; 228.6)"*

368.1 +214.2
418.7 £ 203.3
4545 + 209.4

35.7+91.1; 20.3
(-70.0; 205.2)"

42.4+102.5; 145
(-85.1; 209.3)"

22.5+43.5; 30.5
(-45.8; 73.1)!

35415

'Parameter was described by mean with SD and median with 5th

and 95th percentile.

* Statistically significant difference of change of lumen.

betes mellitus, and 3 patients (17%) had chronic kidney
disease (CKD) at stage 2 or worse. A history of previously
treated coronary artery disease (CAD) was present in 8
patients (44%), and no patients were active smokers at
the time of enrolment.

A double stent technique was used in 8 patients (44%),
and clopidogrel was utilized as the P2Y, inhibitor in the
dual antiplatelet therapy strategy for 15 patients (83%).
Patients were treated with the maximum tolerated statin
dose: 12 patients (66.6%) received high intensity dosage
of statin and 6 patients (33.3%) received moderate inten-
sity dosage of statin. The baseline characteristics of the
analyzed population are detailed in Table 1.

Clinical events in complete population

Clinical follow-up was conducted for all 27 patients, with
at least two clinical assessments performed either via
phone or outpatient visits. During the follow-up period,
3 patients (11%) died from non-cardiovascular causes,
1 patient (4%) experienced an acute myocardial infarc-
tion (AMI), and 2 patients (7.5%) were rehospitalized due
to cardiovascular reasons. Target lesion revascularization
(TLR) occurred in 1 patient (4%), while non-target le-
sion revascularization (NTLR) occurred in 2 patients
(7.5%). Detailed clinical follow-up characteristics of the
complete population are provided in Table 2. Statistical
significance for differences in clinical events was not cal-
culated, as this was not a primary endpoint of the study
and the number of events was small.

IVUS and NIRS data

Mean length of the analysed segment — LM — was 11.9 +
4.5 mm. The average LM LCBI before PCl was 128.9 + 122.0,
maxLCBI4mm 263.7 + 172.0. Compared with baseline values,
both indices showed a decrease after PCl and at follow-up.
Mean values after PCl were LCBI 48.1 + 35.1; maxLCBl4mm
129.6 + 101.6 and at follow-up were LCBI 57.6 = 50.9; ma-
XLCBI4mm 133.7 + 136.7. The mean plaque volume (PV) as
measured by IVUS was 418.7 + 203.3 mm3 post-PCl and 454.5
+ 209.4 mm3 at follow-up. The mean difference in PV be-
tween follow-up and post-PCl was 35.7 + 91.1 mm3, with
a median difference of 20.3 mm3 (range: -70.0 to 205.2),
which was not statistically significant (o = 0.105).

The analysis also included the difference between
mean lumen volume at baseline (121.8 + 68.4 mm3) and
post-PCl (184.3 + 96.9 mm3), showing a mean difference
of 62.5 = 79.4 mm3. The median of this difference was
highly statistically significant (range: 61.6 to —29.0, 228.6)
with a p-value of 0.001. Detailed results are presented
in Table 3. Spearman’s correlation coefficient was used
to analyse the relationship between PV change (post-PCl
PV versus follow-up PV) and LCBI before PCl (-0.122; p =
0.626), maxLCBI4mm PCI (-0.069; p = 0.786) respectively.
No statistically significant correlations were found. These
analyses are detailed in Figures 4 and 5.

Effect of statin therapy

Patients were treated with the maximum tolerated statin
dose — 15 patients (83%) with atorvastatin (in the dose
of 38 + 20 milligrams) and 3 patients (17%) with rosuva-
statin (in the dose of 26 + 21 milligrams). PV difference
between follow-up and post-PCl according to dosage of
statin was analysed. In HDS the mean difference in PV be-
tween follow-up and post-PCl was 42.4 = 102.5 and in MDS
the mean difference was 22.5 + 43.5 mm?3. There was not
a statistically significant difference between HDS and MDS
in PV difference. Detailed results are presented in Table 3.
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and LCBI.
®PV post-PCI ®PV follow-up n @ Difference between PV  follow-up and post-PCl
1000 250
[ ]
900 . . 200
800 [
150
700 s
[ ] ) [ ]
100
600 o °
500 ° ° ° 50 @ °
o ® °
°
400 o . 0 o ° °
300 % ] o °®
-50 ° °
200 © 0 .
L4 e Spearman’s correlation 100 Spearman’s correlation
100 maxLCBI4 x PV post-PCl  0.005 ° LCBI4 xPV diff 0.069
0 maxLCBI4 x PV follow-up 0.104 _, o maxtLE XV di D
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

maxLCBI4 (mean)

Fig. 5 - (A) Relationships between PV post-PCl and in follow-up and ma
post-PCl and maxLCBI4mm.

Discussion

Although the patient cohort is relatively small, the pre-
sented data can be considered unique. To our knowledge,
this is the first study to explore the relationship between
baseline LCBI or maxLCBI4mm values and plaque volume
(PV) progression. Previous studies have utilized NIRS data
to assess PV, but not as a predictor of its progression after
PCl.24%5 Moreover, the coronary artery segment analysed
is the left main of the left coronary artery, a critical area
in the coronary system. According to current information,
a similar analysis of the LM using NIRS data has not been
published.

Our objective was to predict the relationship be-
tween NIRS-derived indexes (LCBI and maxLCBI4mm)
and atherosclerotic plaque progression in the unique

maxLCBI4 (mean)

XLCBI4mm. (B) Relationship between difference of PV follow-up and

LM area over a 9- to 12-month follow-up period after
percutaneous coronary interventions (PCl). Our data
did not reveal a significant correlation between initial
LCBI or maxLCBI4mm and PV progression during the
follow-up. Despite a slight increase in PV observed dur-
ing the control examination, the change was not statis-
tically significant. This result suggests the potential ex-
cellent effect of high/moderate intensity lipid-lowering
therapy.

We utilized NIRS as an intravascular tool to analyse
atherosclerotic plaque. Although NIRS is predominantly
used on an experimental basis in interventional cardiol-
ogy, its routine clinical application remains limited. None-
theless, NIRS has been shown to be an important tool
across a wide range of recent studies.

One of the persistent complications in PCl is the
occurrence of periprocedural acute myocardial in-
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farction (PAMI), which affects 3-15% of all PCl pro-
cedures.?® The likely mechanism involves distal embo-
lization of lipid-rich material from the target lesion
into the peripheral coronary vessels. NIRS has been
employed to identify high-risk lesions that predispose
patients to slow-flow or no-flow phenomena post-PCl.
In the COLOR registry, lesions with an LCBI of 500 or
greater were identified as being at risk for PAMI.™
Similarly, the CANARY study identified lesions with an
LCBI of 600 or greater as at risk for PAMI.?’ Identifying
these high-risk lesions before PCl could assist in pre-
venting complications, and it suggests that rigorous
antithrombotic preparation of the patient prior to the
procedure might be beneficial.

The ability to identify and quantify lipid materials us-
ing NIRS has been instrumental in evaluating the effects
of antilipidemic therapies. In the YELLOW study, maxi-
mum doses of rosuvastatin were shown to decrease the
maxLCBI4mm in non-intervened arteries, highlighting its
effectiveness.?®? Recent findings from the PACMAN-AMI
trial demonstrated incremental regression of coronary
plaque, reduction of the lipid core, and plaque stabili-
zation with the use of PCSK9 inhibitors in patients with
acute coronary syndrome.3 We are still awaiting the re-
sults of the FITTER study, which is evaluating the effect of
evolocumab on the coronary lipid plaque component in
non-culprit lesions.?!

Finally, several studies have focused on the stratifica-
tion of coronary lesions based on LCBI and maxLCBI4mm
values. The most relevant studies include the LRP and
PROSPECT 1l trials. Both of which assess lesion vulner-
ability in non-culprit arteries (NC) and the relationship
between NIRS index values and the incidence of major
cardiovascular events in these arteries (NC-MACE). In
the LRP study, over 1500 patients with non-obstructive
coronary artery disease (CAD) were evaluated. The study
found a statistically significant association between max-
LCBI4mm and NC-MACE within 24 months of assessment.
Specifically, patients with a maxLCBI4mm of >400 had an
89% higher risk of NC-MACE (hazard ratio 1.89; p-value
=0.0021).32 The PROSPECT Il study explored the incidence
of NC-MACE in patients following AMI over a 4-year peri-
od. Vulnerable lesions in this study were defined as those
with maxLCBI4mm >325. Notably, most of these lesions
were initially classified as non-significant angiographi-
cally.®

Our results corroborate previous studies demon-
strating that LCBI and maxLCBI4mm decrease following
coronary stent implantation. The observed reduction in
LCBI can be attributed to several factors. First, micro-
embolization of the lipid core may occur due to the
disruption of the lipid cap during stent implantation,
leading to the release of lipid material and subsequent
micro-embolization to distal segments of the coronary
vessels.’*3* Additionally, stent implantation can result
in the compression of the lipid core, causing a shift
of lipid content towards the distal and proximal ends
of the stent, as observed in the analyzed segment.3>3¢
Finally, the structural design of the stent may reflect
the NIRS catheter beam, partially obstructing analysis
of the segment. Consequently, the LCBI value may be
underestimated.3

Correlation graphs indicate a trend of decreased PV in
patients with high initial LCBI and maxLCBI4mm. This de-
crease in PV may be attributed to plaque redistribution
following PCl. These findings corroborate results from
previous studies that have examined plaque redistribu-
tion after coronary stent implantation, verified through
IVL.3> Furthermore, the longitudinal redistribution of
plaque is influenced by its composition. T. Roleder et
al. demonstrated that in lesions characterized by a high
lipid burden (HLB), defined as maxLCBl4mm >265, the
decrease in PV is more pronounced compared to lesions
with a lower lipid burden. HLB lesions are more suscep-
tible to compression and are likelier to protrude through
the stent struts.® Moreover, intensive lipid-lowering
therapy may significantly contribute to the reduction of
PV, particularly in lesions with a high lipid burden. Future
studies should explore whether intensive lipid-lowering
therapy is more effective in lesions presenting with el-
evated NIRS indices.

Limitations of the study

The study enrolled a relatively small group of patients,
primarily due to the specific anatomical focus on the left
main coronary artery. During the follow-up period, 33%
of patients were excluded from the study either due to
declined serial invasive examinations, due to the CO-
VID-19 pandemic or due to insufficient image quality of
the baseline examination recordings.

The identification of the external elastic membrane
(EEM) and lumen could be enhanced with the use of
artificial intelligence software, which is already imple-
mented in some OCT and IVUS systems. However, current
NIRS-IVUS systems lack this capability. As mentioned in
the discussion, lipid detection using NIRS may be inaccu-
rate when analysing plaque located behind stent strings.
Therefore, we used before PCl indices for the final sta-
tistical analysis. Additionally, the authors identified a po-
tential source of error stemming from the inability to co-
register angiography with IVUS-NIRS data. This limitation
complicated the manual analysis and accurate delineation
of the proximal and distal edges of the left main coronary
artery compared to co-registered systems.

Conclusion

Our trial did not demonstrate a significant correlation be-
tween initial LCBI or maxLCBI4mm and the development
of plaque volume during the follow-up period in the left
main coronary artery. However, correlation graphs indi-
cate a trend toward decreased PV in patients with high
initial LCBI and maxLCBI4mm, which aligns with findings
from previously published studies. The potential favou-
rable effect of high-intensity lipid-lowering therapy in
high lipid burden (HLP) lesions warrants further investi-
gation in subsequent studies.
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Uvod: Valvuloplastika aortélnej chlopne s extenziou cipov sa rutinne pouziva v lie¢be chyb aortalnej chlopne
u deti a dospievajucich. Material pouzity na valvuloplastiku méze ovplyvnit funkciu aortalnej chlopne a jej
trvacnost.
Ciele: Zhodnotit dlhodobé vysledky valvuloplastiky aortalnej chlopne technikou extenzie cipov pomocou
autolégneho perikardu alebo polytetrafléretylénu (PTFE) a odhalit rizikové faktory veduce k reoperacii aor-
talnej chlopne na nasom pracovisku.
Metddy: Retrospektivna analyza 89 pacientov, ktori sa podrobili valvuloplastike aortélnej chlopne technikou
extenzie cipov pomocou autolégneho perikardu alebo PTFE na naSom pracovisku v obdobi 2005 - 2023.
Vysledky: 89 pacientov (75 % muzského pohlavia) sa podrobilo valvuloplastike aortalnej chlopne technikou
extenzie cipov pomocou autolégneho perikardu (n = 42) alebo PTFE (n = 47). Median veku pacientov bol
14 rokov (IQR: 7 mesiacov — 26 rokov). Pocas strednej dizky sledovania 13,3 roka (IQR: 1 mesiac - 18 rokov)
sme zaznamenali 4 Umrtia a u 41 (46 %) pacientov bola potrebna reoperacia priemerne 7,8 + 4,2 roka od
primarnej operécie. V skupine s autolégnym perikardom to nastalo u 24 (57 %) pacientov a v skupine s PTFE
u 17 (36 %) pacientov. Celkové prezivanie pacientov v ¢ase 18 rokov od operacie bolo 95 %. Reoperovanost
v celom stbore v 5 rokoch od operécie bola 12,4 %, v 10 rokoch 43 % a v 15 rokoch 64,6 %. Pri multivaria-
bilnej Coxovej analyze boli identifikované nasledujice rizikové faktory pre reoperaciu na aortélnej chlopni:
aortalna insuficiencia ako primarna diagndza, diameter aortéalnej chlopne, infekéna endokarditida, dlzka
klemu na aorte a mimotelového obehu a predchadzajtica valvuloplastika v minulosti.
Zaver: Dlhodobé vysledky aortélnej valvuloplastiky technikou extenzie cipov pomocou autolégneho perikardu
alebo PTFE u pacientov s vrodenou chybou aortélnej chlopne odrazaju vynikajuce prezivanie bez vyznamného
rozdielu z hladiska vyskytu reoperacii kvoli dysfunkcii aortalnej chlopne medzi obomi skupinami pacientov.

© 2025, CKS.

ABSTRACT

Background: Aortic valve repair with leaflet extension is routinely utilized in the management of aortic
valve disease in children and adolescents. The material chosen may have an effect on the valve function and
durability.

Aims: To evaluate long-term outcomes of aortic valve repair using autologous pericardium and polytetrafluo-
roethylene (PTFE) leaflet extensions and to investigate risk factors for aortic valve reoperation at single centre.
Methods: A retrospective single-centre review of 89 patients undergoing aortic valvuloplasty by leaflet ex-
tensions with either autologous pericardium or PTFE from 2005 to 2023.

Results: Eighty-nine patients (75% male) underwent aortic leaflet extension valvuloplasty, using either au-
tologous pericardium (n = 42) or PTFE (n = 47). Median age was 14 years (IQR: 7 months-26 years). During
median follow-up duration of 13.3 years (IQR: 1 month-18 years), there were 4 deaths and 41 (46%) patients
required reoperation at a mean of 7.8 + 4.2 years, 24 (57%) within autologous pericardium group, and 17
(36%) within PTFE group. Overall survival at 18 years was 95%. Overall reoperation-free survival at 5, 10 and
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15 years was 87.6%, 57%, and 35.4%, respectively. Multivariable Cox analysis identified primary diagnosis
of aortic regurgitation, aortic annulus diameter, infective endocarditis, aortic cross-clamp and cardiopulmo-
nary bypass time, and preoperative aortic surgical valvuloplasty as risk factors for aortic valve reoperation.
Conclusions: Long-term results of aortic leaflet extension valvuloplasty, utilizing either autologous pericar-
dium or PTFE, in patients with congenital aortic valve disease suggest excellent survival with no significant
difference in the reoperation rate for aortic valve dysfunction between the groups.

Introduction

Aortic valve plasty with leaflet extensions is a surgical
technique used in both children and adolescents to man-
age aortic valve disease.! It has gained popularity among
surgeons due to its efficiency in treating both aortic valve
stenosis and regurgitation.? It also offers advantages of
avoiding anticoagulation therapy, having a low risk of
thrombosis, allows for potential growth of aortic annulus
and has favorable hemodynamics.> Autologous pericar-
dium, fresh or glutaraldehyde-treated was traditionally
used for aortic leaflet extension valvuloplasty, although it
has some disadvantages, including calcification and even-
tual attrition. In order to develop more durable materials
for aortic valvuloplasty, alternative biological materials
were introduced, such as decellularized bovine pericardi-
um (CardioCel, Admedus, Queensland, Australia), CorMa-
trix (CorMatrix Cardiovascular, Inc, Atlanta, GA, USA) and
equine pericardium (Matrix patch, Auto Tissue GmbH,
Berlin, Germany).>4® Moreover, in 2008 we were the first
to use 0.1-mm expanded polytetrafluroethylene (PTFE)
membrane (W.L. Gore & Assoc., Flagstaff, AZ, USA) for
aortic leaflet extension, and initial outcomes on 13 pati-
ents were published in 2012.7 However, optimal material
is yet unknown and needs to be explored further.

Only few studies reported the long-term results of
aortic leaflet extension valvuloplasty in children and
young adults."*® Moreover, only one study in literature
published mid-term results of using PTFE for aortic val-
vuloplasty,® and long-term outcomes are still to be in-
vestigated. Hence, we sought to assess long-term clinical
outcomes of aortic valvuloplasty using autologous peri-
cardium and PTFE with respect to patient survival, reope-
ration-free and aortic valve replacement (AVR) survival in
pediatric patients, and adolescents with congenital aortic
valve disease at our institution.

To our knowledge, this is the first retrospective compa-
rison of autologous pericardium and PTFE patch material
utilized for aortic leaflet extension valvuloplasty.

Aortic valvuloplasty by tricuspidalization
with leaflet extension technique

Our surgical technique had been published previously,’
and did not change throughout study period. In addi-
tion, surgical technique video is available online on

a CTSnet website.’® Autologous pericardium was treated
with glutaraldehyde 0.625% solution for 8 minutes, and
then rinsed in isotonic saline prior to use. Initially, we
used autologous pericardium; however, since 2008, we
have transitioned to utilizing a 0.1 mm PTFE membrane
as a leaflet extension material. Briefly, all patients were
operated through a full median sternotomy in mild hypo-
thermia using cold blood Del Nido cardioplegia solution.
The cardiopulmonary bypass was initiated via single or
double caval and aortic cannulation.

The aortic valve was exposed through a transverse aor-
totomy. The raphe was divided to aortic wall, and a com-
missurotomy and shaving were performed in some cases
if there was commissural fusion and thickening of the
leaflets. After native leaflets were excised, the length of
each leaflet was measured separately using a silk tie.

The height of leaflets was determined by mesuring the
height of the native left coronary leaflet. Then rectan-
gular patches of autologous pericardium or 0.1 mm PTFE
(W.L. Gore & Assoc., Flagstaff, AZ, USA) were created and
sewed to the free edges of leaflets with 6-0 polypropyle-
ne or polybutester (Vascufil) sutures. A central stitch was
used to join the three patches to adjust and assess geo-
metry and coaptation of the valve. The constructed lea-
flets were suspended at the level of newly created com-
missures using sutures’ free ends and secured outside the
aorta with pericardial pledgets. All procedures were done
by the same surgeon at our centre.

Patients and methods

Patients

Study included patients who had undergone aortic valvu-
loplasty with leaflet extensions at Department of Pediat-
ric Cardiac Surgery, Children’s Heart Centre, Bratislava,
Slovakia, between 31 August 2005 and 31 August 2023.
Medical records of the patients were reviewed retro-
spectively.

The patients with congenital aortic valve disease, who
were referred for aortic valvuloplasty by leaflet exten-
sion using autologous pericardium or PTFE were included.
Patients without retrievable medical or operation records,
and those undergoing aortic leaflet extension valvuloplas-
ty using equine pericardium (Matrix patch, AutoTissue
GmbH, Berlin, Germany) were excluded from the study.
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Demographic data, primary diagnosis, gender, aortic
valve morphology, previous procedures: surgical or bal-
loon aortic valvuloplasty, aortic annulus and ascending
aorta size, age at operation, extension height and mate-
rial, pre- and post-operative echocardiographic findings,
follow-up clinical data and reoperation data were collec-
ted. We also analyzed treatment outcomes, patient survi-
val, and duration of freedom from reoperation.

All patients were evaluated by transthoracic echocar-
diography preoperatively, perioperatively by transeso-
phageal echocardiography, and postoperatively at regu-
lar intervals (3-12 months). The aortic valve annulus and
root dimensions were measured in parasternal long-axis
views.

Patients were assigned to two groups (based on the ex-
tension material): autologous pericardium and PTFE. Pro-
pensity score-matching analysis method was done, and 38
patients (19 matched pairs) were chosen for comparison.

Study endpoints were survival, freedom from reopera-
tion, and freedom from AVR. Freedom from reoperation
was defined as the time period between aortic valvulo-
plasty and aortic valve reoperation. Freedom from AVR
was defined as the time period between aortic valvulo-
plasty and aortic valve replacement with either mechani-
cal or biological prosthesis. Patients in both groups recei-
ved aspirin for 6 months postoperatively.

Decisions regarding the primary operation or re-
operation were made individually in a multidisciplinary
conference. Indication criteria for aortic valvuloplasty or
reoperation were severe aortic stenosis (AS) with mean
gradient 250 mmHg and/or severe aortic regurgitation
(AR) with dilated left ventricle (Z-Score >3) and IE.

Statistical analysis

All continuous variables are expressed as mean and stan-
dard deviation (SD) or median with interquartile range
(IQR) as appropriate. Categorical variables are presented
as numbers with percentages. Comparisons for categori-
cal variables were calculated with chi-squared (y2?) or Fis-
her’s exact test. Shapiro-Wilk test was employed to de-
termine the normality of distribution. Student's t-test was
used to compare continuous variables in the unmatched
cohort, unless the data were not distributed normally; in
these instances, Mann-Whitney U-test was used. Compa-
risons within the matched cohort were constructed using
a paired-sample t-test, or Wilcoxon signed rank test, whe-
re appropriate.

Kaplan-Meier survival analysis was used to evalua-
te freedom from reoperation and AVR, and to estimate
a rate of survival. Comparisons between groups were tes-
ted by log-rank test. A univariable and multivariable Cox
regression models were contructed to assess factors asso-
ciated with reoperation. Variables with a p-value <0.1 in
the univariable analysis were used for the multivariable
stepwise Cox regression model.

Propensity score matching (PSM) method was used to
match two groups on a set of 4 explanatory variables (age,
weight, gender, and primary diagnosis). Propensity score
was estimated using a logistic regression model with 1
: 1 nearest neighbor matching without replacement ba-
sed on a caliper width of 0.2 times the standard deviation
(SD) of the logit of propensity score.'" Standardized diffe-

All patients undergoing aortic leaflet
extension valvuloplasty (n = 94)
2005-2023

S patients excluded
(2 incomplete data)
(3 had equine pericardium)

Patients remained
(n=289)

Patients with autologous Patients with PTFE
pericardium (n=42) (n=47)

—_

Propensity-score matching 1 :

Autologous pericardium
group (n=19)

PTFE group
(n=19)

Fig. 1 - Flowchart of the study. PTFE - polytetrafluoroethylene.

rence in means between two groups pre- and post-match-
ing was used to evaluate the matching quality.

For all tests, a p <0.05 was considered statistically sig-
nificant. Statistical analyses were performed using R stati-
stical software (version 4.3.1, R Foundation for Statistical
Computing, Vienna, Austria).

Results

A total of 89 patients were included. Of these, 42
(47%) underwent aortic valvuloplasty using autolo-
gous pericardium and 47 (53%) using PTFE. Median
follow-up for the entire cohort was 13.3 years (IQR:
1 month-18 years). Median follow-up was 15.2 years
(IQR: 1 month-18 years) for autologous pericardium
group and 8 years (IQR: 2 weeks-14.8 years) for PTFE
group (p = 0.01). The majority of the patients 71 (80%)
had a bicuspid aortic valve (BAV). The study flow chart
is shown in Figure 1.

Overall previous balloon valvuloplasty was performed
in 34 (38%) patients. Additional previous procedures
included surgical aortic valvuloplasty (n = 11), ventricular
septal defect closure (n = 2), coarctation repair (n = 2),
and correction of interrupted aortic arch with ventricular
septal defect (n = 1). Baseline characteristics, operative,
and postoperative data in each group are presented in
Tables 1 and 2.

Survival

Survival rate at 1, 5, 10 and 18 years was 97.7% (95% Cl
94-100%), 96.4% (95% Cl 92-100%), 95% (95% CI 90-
99.8%) and 95% (95% Cl 90-99.8%), respectively (Fig. 2).
Overall, 4 (4.5%) patients died during follow-up (includ-
ing 30-day mortality), 1 (2%) patients in the autologous
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Table 1 - Demographic characteristics of patients undergoing aortic leaflet extension valvuloplasty

Before matching

After matching

Variable Total Autologous  PTFE SMD Autologous PTFE SMD

(n =89) pericardium  (n=47) pericardium (n=19)

(n =42) (n=19)

Age (years) 13.5(5.6) 13.9(6.2) 13.1(5.0) 0.14 12.2 (6.9) 12.6 (5.1)  0.06
BSA (m?) 1.40 (0.46) 1.40 (0.48) 1.40 (0.45) 0.02 1.30 (0.55) 1.37(0.44) 0.14
Weight (kg) 49 (22) 48 (22) 49 (22) 0.02 45 (25) 45 (20) 0.03
Follow-up (years) 11.4(5.6) 15.4(3.0) 7.9 (5.0) 1.8 14.3 (4.3) 8.2 (5.4) 1.2
Age group, n (%) 0.26 0.51
<5 years 9 (10%) 5(12%) 4 (8.5%) 5 (26%) 2 (11%)
5-10 years 10(11%)  5(12%) 5(11%) 1(5.3%) 3(16%)
10-15 years 29(33%) 11(26%) 18 (38%) 4 (21%) 5 (26%)
>15 years 41 (46%) 21 (50%) 20 (43%) 9 (47%) 9 (47%)
Gender, n (%) 0.06 0.001
Male 22 (25%) 11 (26%) 11 (23%) 4 (21%) 4 (21%)
Female 67 (75%) 31 (74%) 36 (77%) 15 (79%) 15 (79%)
Diagnosis, n (%) 1.1 <0.001
Aortic stenosis 43 (48%) 10 (24%) 33 (70%) 10 (53%) 10 (53%)
Aortic regurgitation 10(11%) 5(12%) 5(11%) 2 (11%) 2 (11%)
Mixed aortic valve disease 36 (40%) 27 (64%) 9 (19%) 7 (37%) 7 (37%)
History of balloon aortic valvuloplasty, n (%) 34 (38%) 17 (40%) 17 (36%)  0.08 7 (37%) 5 (26%) 0.22
History of surgical aortic valvuloplasty, n (%) 11(12%)  5(12%) 6 (13%) 0.02 1(5.3%) 5 (26%) 0.6
Preoperative transaortic valve peak gradient 82 (24) 78 (13) 83 (27) 0.5 76 (12) 78 (29) 0.02
(mmHg)
Preoperative aortic regurgitation grade, n (%) 0.75 0.4
None or trivial 14 (16%) 3(7.1%) 11 (23%) 3(16%) 4 (21%)
Mild 14(16%) 3 (7.1%) 11 (23%) 3(16%) 5 (26%)
Moderate 36 (40%) 22 (52%) 14 (30%) 7 (37%) 4 (21%)
Severe 25(28%) 14 (33%) 11 (23%) 6 (32%) 6 (32%)
Aortic valve anatomy, n (%) 0.64 0.9
Unicuspid 5 (5.6%) 2 (4.8%) 3(6.4%) 1(5.3%) 2 (1%)
Bicuspid 71 (80%) 29 (69%) 42 (89%) 12 (63%) 17 (89%)
Tricuspid 13(15%) 11 (26%) 2 (4.3%) 6 (32%) 0(0%)

Continuous and categorical variables are expressed as mean + SD and n (%), respectively.
BSA - body surface area; PTFE - polytetrafluoroethylene; SD - standard deviation; SMD - standardized mean difference.

pericardium group and 3 (6.3%) patients in the PTFE
group (p = 0.28).

There was one (1.2%) early death within post-opera-
tive period of 30 days. The patient was a 2-year-old male
who could not have been weaned off cardiopulmonary
bypass due to ventricular arrhythmia, and a left ventricu-
lar assist device was instituted. Later on, it was switched
to extracorporeal membrane oxygenation. Eventually, he
died of a thromboembolic event and cerebral edema 2
days postoperatively. There were three (3.4%) late deaths
due to non-cardiac causes, and no deaths were related to
the structural failure of aortic valve after valvuloplasty.

In a matched cohort, survival rate was 97.7% (95% ClI
92-100%) at 1 year and 94.3% (95% ClI 86.7-100%) at 5,

10, and 18 years. Overall 1 (2.6%) patient died during fo-
llow-up in autologous pericardium group, and no death
occurred in PTFE group (p = 0.93). Figures S1 A and B in
the Supplementary material show overall survival and
survival by groups after matching.

Freedom from reoperation

During the study period, 41 patients (46%) underwent
reoperation, with an incidence of 24 (57%) and 17 (36%)
in autologous pericardium and PTFE group, respectively.
Overall median time to reoperation was 8.4 years (IQR, 4
months to 14.7 years), and mean time was 7.8+4.2 years.
Median interval to reoperation was 7.8 years (IQR: 4 mon-
ths to 14.7 years) and 7.5 years (IQR: 2.4 to 13.6 years) for
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Table 2 - Operative and postoperative data

Before matching

After matching

Variable Total Autologous  PTFE SMD Autologous  PTFE SMD

(n =89) pericardium  (n =47) pericardium  (n=19)

(n=42) (n=19)

Aortic annulus size (mm) 21.2 (5.0) 21.9 (5.1) 20.6 (4.9) 0.35 19.9 (5.7) 20.2 (49) 0.05
Ascending aorta size (mm) 29 (7) 30 (7) 28 (7) 0.22 27 (8) 27 (8) 0.019
Extension height (mm) 16 (3) 16 (2) 17 (3) 0.19 16 (3) 16 (2) 0.07
Cardiopulmonary bypass (min.) 144 (48) 165 (51) 125 (36) 0.89 166 (68) 125 (39) 0.73
Cross-clamp (min.) 105 (25) 114 (22) 96 (25) 0.76 113 (25) 92 (25) 0.83
Hospital LOS (days) 8 (5) 6(3) 9 (6) 0.53 7() 9 (5) 0.65
Reduction ascending aortoplasty, n (%) 12 (13.5%) 8(19%) 4 (8.5%) 0.28 4 (21%) 2(10.5%) 0.72
Postoperative aortic regurgitation grade, n (%) 0.35 0.38
None or trivial 60 (67.5%) 29 (69%) 31 (66%) 12 (63%) 11 (58%)
Mild 29 (32.5%) 13 (31%) 16 (34%) 6 (32%) 8 (42%)
(Postope)rative transaortic valve peak gradient 13 (11) 10 (10) 15 (12) 0.39 13 (12) 15 (13) 0.13
mmHg

Continuous and categorical variables are expressed as mean+SD and n (%), respectively.
LOS - length of stay; PTFE — polytetrafluoroethylene; SD - standard deviation; SMD - standardized mean difference.

Fig. 2 - Kaplan-Meier curve showing overall survival.

autologous pericardium and PTFE group, respectively, (p
=0.25).

The indications for reoperation were severe AS (n = 18;
44%)), severe AR (n = 16; 39%), and IE (n=7; 17%). Overall
freedom from reoperation at 1, 5, 10 and 15 years was
98.8% (95% Cl, 96.6-100%), 87.6% (95% Cl 80-94.8%),
57% (95% Cl 45.4-69%) and 35.4% (95% Cl 22.7-48%),
respectively (Supplementary material, Fig. S2A).

Among the 41 patients requiring reoperation, 33
underwent AVR, 5 had Bentall procedure, one had a re-
-aortic valvuloplasty with PTFE leaflet extensions, 1 had
aortic root replacement with aortic homograft, and one
underwent a Ross—-Konno operation.

Freedom from reoperation at 1, 5 and 10 years was
97.6% (95% Cl 92.8-100%), 88% (95% CI 77-97.8%)

and 67.9% (95% Cl 53.5-82%) in autologous pericardi-
um group, and 100% (95% Cl 100-100%), 86.2% (95% ClI
75-97%) and 39.4% (95% Cl 20-58%) in PTFE group, re-
spectively. No statistically significant difference regarding
the reoperation rate was observed between two groups
(p = 0.14). Freedom from reoperation according to the
type of patch material is shown in Supplementary mate-
rial, Fig. S2B.

There were 18 (42.8%) reoperations in the matched
cohort. Overall median time to reoperation was 8.2 years
(IQR 4.5months to 14.7 years). Overall 15-years freedom
from reoperation was 37.4% (95% Cl 18.8-56%) (Fig. 3A).
In autologous pericardium group, freedom from reopera-
tion at 1, 5 and 10 years was 100% (95% Cl 100-100%),
89% (95% Cl 74-100%), and 54.2% (95% Cl 30-77%), re-
spectively. In PTFE group, the freedom from reoperation
at 1, 5 and 10 years was 100% (95% Cl 100-100%), 93%
(95% ClI 79-100%), and 34% (95% Cl 7-60%), respecti-
vely. There was no statistically significant difference be-
tween the groups (p = 0.39). Fig. 3B shows freedom from
reoperation in the matched cohort by groups.

Freedom from AVR

Overall, freedom from AVR at 1, 5, 10 and 15 years was
100% (95% CI 100-100%), 90% (95% Cl 82-96%), 59%
(95% Cl 47-70%) and 37% (95% Cl 24-50%), respectively
(Supplementary material, Figs S3A and S3B).

In the matched cohort, the overall 15-year freedom
from AVR was 41.7% (95% Cl 22.2-61%) (Fig. 4A). In au-
tologous pericardium group, the freedom from AVR at 1,
5 and 10 years was 100% (95% Cl 100-100%), 94% (95%
Cl 83-100%) and 57.4% (95% Cl 33-81%), respectively. In
PTFE group, freedom from AVR at 1, 5 and 10 years was
100% (95% Cl 100-100%), 86% (95% Cl 75-97.5%) and
39.4% (95% Cl 20-58%), respectively (Fig. 4B). No stati-
stically significant difference between the groups was
found (p = 0.18).



M. Nosal et al.

21

Fig. 3 - Kaplan—-Meier curves showing freedom from reoperation in matched cohort, (A) all patients (B) by groups. PTFE - polytetrafluoro-

ethylene.

Fig. 4 - Kaplan-Meier curves showing freedom from AVR in matched cohort, (A) all patients, (B) by groups. PTFE - polytetrafluoroethylene.

Risk factors

The univariable and multivariable Cox regression analyses
identified a primary diagnosis of AR (HR 2.5, 95% Cl 1.2—
5.2, p = 0.017), aortic annulus diameter (HR 1.1, 95% ClI
1-1.2, p = 0.038), IE (HR 4.3, 95% Cl 1.53-12.5, p = 0.006),
aortic cross-clamp time (HR 0.96, 95% Cl: 0.94-0.99, p =
0.014), cardiopulmonary bypass time (HR 1.02, 95% CI
1-1.2, p = 0.017) and previous surgical aortic valvuloplas-
ty (HR 2.7, 95% CI 1.1-6.7, p = 0.027) as risk factors for
aortic valve reoperation. The results of the Cox regression
analysis of risk factors for reoperation are presented in
Table 3.

Infective endocarditis

Overall 7 patients underwent reoperation due to IE: 5 of
42 (11.9%) in the autologous pericardium group, and 2 of
47 (4.2%) in the PTFE group. However, there was no statis-
tically significant difference between the two groups (p =
0.24). During the follow-up, there was no recurrence of IE
in these patients. Patients had reoperation after a mean
of 29 days (20-42 days) of antibiotic therapy, with the ex-
ception of one patient who required urgent surgery due
to large vegations on the valve. The most commonly used

preoperative antibiotic was vancomycin (70%), followed
by gentamicin (55%), ceftriaxone (50%), and piperacillin/
tazobactam (35%).

Discussion

Aortic valvuloplasty by leaflet extension with tricuspidali-
zation is a useful surgical procedure which effectively re-
pairs aortic valve stenosis and regurgitation. In addition, it
improves left ventricular dimensions in children and young
adults.”** Several patch materials have been used to ex-
tend and augment the aortic leaflets, including fresh or
glutaraldehyde-treated autologous pericardium, bovine
and equine pericardium. Furthermore, our group introdu-
ced and used the 0.1mm PTFE membrane, which showed
a satisfactory result in the pulmonary position.”1213

PTFE has unique physical properties such as increased
flexibility and exceptional tensile strength. Furthermore,
it has high biocompatibility, and its microporous structu-
re is believed to prevent cellular penetration and subse-
quent calcification, which is a typical cause of valve dys-
function.”
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Overall survival rate in our cohort at 18 years was 95%
(95% Cl 90-99%). This is comparable to similar reports
from Vergnat et al.” and Kwak et al.’® Overall freedom
from reoperation for the entire cohort at 5, 10 and 15
years was 87.6% (95% Cl 80-94.8%), 57% (95% Cl 45.4—
69%) and 35.4% (95% Cl 22.7-48%), respectively. Free-
dom from reoperation for the matched cohort at 5, 10
and 15 years was 91% (95% Cl 81-100%), 46% (95% ClI
28-64%), and 37.4% (95% Cl 18.8-56%), respectively.
This is in agreement with the data about similar patients
published by Al Halees et al.’® and Polimenakos et al.'

During the follow-up in the matched cohort, there
were no significant differences between two groups re-
garding survival, reoperation-free, and AVR-free survival
rates, with survival rate of 94.7% at 10 years in autolo-
gous pericardium versus 92.9% at 10 years in the PTFE
group, (p = 0.93). Freedom from reoperation was 54% at
10 years in the autologous pericardium group versus 34%
at 10 years in the PTFE group (p = 0.14). Furthermore, the
freedom from AVR in autologous pericardium and PTFE
group at 10 years was 57.4% and 39.4%, respectively (p
=0.18).

Multivariable Cox regression analysis identified the
patients with a primary diagnosis of AR to be more at
risk for reoperation. Other authors observed similar re-
sults and found that pre- amd postoperative AR was as-
sociated with the need for aortic valve reoperation.""”
This might be due to the difficulty of the left ventricular
myocardium in adjusting volume overload compared to
pressure overload.' In addition, the aortic annulus dia-
meter, aortic cross-clamp, cardiopulmonary bypass time,
and IE were associated with a higher risk for reoperation.

Polimenakos et al." and Vergnat et al.” published similar
findings. The extension material type was not associated
with either reoperation or AVR risk in our Cox regression
analysis (Table 3).

Unlike Vergnat et al.”> we found that prior surgical aor-
tic valvuloplasty was a significant risk factor for reopera-
tion (in multivariable Cox regression analysis). However,
these patients included those with previously failed bal-
loon aortic valvuloplasty. From our perspective, these pa-
tients had more dysplastic aortic valves, which could have
affected the performance of the aortic valve following
subsequent aortic leaflet extension valvuloplasty.

Our results differ from those published by Karliova et
al.? who had used a PTFE patch material for aortic val-
vuloplasty and converting unicuspid into bicuspid aortic
valves. In contrast, our aortic valvuloplasty technique res-
tores tricuspid configuration while three neocomissures
provide better support for the leaflet extensions. At the
same time, we believe that tricuspidalization provides
a larger central opening while minimizing blood turbu-
lence.!

Aortic leaflet extension valvuloplasty also has the
advantage of allowing aortic annular growth until a more
permanent replacement alternative becomes availa-
ble, such as the currently preferred Ross procedure with
inclusion technique or prosthetic valve replacement.>'%:20

Infective endocarditis remains a concern for patients
undergoing aortic valve surgery. The incidence varied
across the literature, which could be related in part to
the patch material utilized for leaflet reconstruction and
the patient’s dental hygiene habits. Overall the incidence
of IE requiring reoperation in our study was 7.8% for all

Table 3 - Risk factors for reoperation and AVR by univariable and multivariable Cox regression analyses, all patients

Variables Univariable analysis Multivariable analysis

HR (95% Cl) p-value HR (95% Cl) p-value
Gender 0.86 (0.42-1.76) 0.68
Weight at surgery (kg) 0.99 (0.98-1.01) 0.57
Age at surgery (years) 0.98 (0.93-1.04) 0.66 0.92 (0.85-1.01) 0.082
History of balloon aortic valvuloplasty 1.31 (0.69-2.48) 0.41
Primary diagnosis
AS 3.5 (1.48-8.6) 0.01 1.01 (0.51-1.97) 0.97
AR 3.2 (1.6-7.3) 0.037 2.5(1.17-5.2) 0.017
Patch material 1.65 (0.83-3.2) 0.15
AoV diameter (mm) 1.04 (0.97-1.12) 0.22 1.1 (1.01-1.21) 0.038
Infective endocarditis 2.21(0.91-5.3) 0.078 4.3(1.53-12.5) 0.006
History of surgical valvuloplasty 1.68 (0.74-3.8) 0.21 2.7 (1.12-6.7) 0.027
Extension height (mm) 1.04 (0.91-1.18) 0.54
Extension height <12 mm 1.51 (0.46-4.96) 0.49
Extension height <15 mm 0.92 (0.49-1.7) 0.79
Reduction ascending aortoplasty 0.45 (0.12-0.6) 0.22
Cross-clamp (min.) 0.99 (0.98-1.01) 0.60 0.96 (0.94-0.99) 0.014
Cardiopulmonary bypass (min.) 1(0.99-1.01) 0.92 1.02 (1-1.04) 0.017

AR - aortic regurgitation; AS - aortic stenosis.
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patients, with a lower incidence for PTFE (2/47) compared
to autologous pericardium (5/42). Nevertheless, there was
no statistically significant difference (p = 0.24). Moreover,
Wiggins et al.* reported a 5% IE rate after aortic valve
leaflet repair in children. Furthermore, Karliova et al.?
showed that IE occurred in two (18%) of the eleven pati-
ents in their study.

Limitations

The limitations of our study include a single-centre cha-
racter, retrospective analysis and the shorter median fol-
low-up time for the PTFE group compared to the autolo-
gous pericardium group.

Conclusions

The long-term results of aortic leaflet extension valvulo-
plasty, utilizing either autologous pericardium or PTFE, in
patients with congenital aortic valve disease suggest ex-
cellent survival with no significant difference in the rate
of reoperation for aortic valve dysfunction between the
groups.
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Kontext: Procento nezralych granulocyt(i (immature granulocytes, IG%) je ¢asnym markerem zanétu s pro-
gnostickou hodnotou u fady onemocnéni.
Cil: V této studii jsme se pokusili zjistit, zda ma procento nezralych granulocytl prognostickou hodnotu
z hlediska 28denni mortality pacient( s akutnim korondrnim syndromem (AKS).
Metoda: Jednalo se o retrospektivni studii provedenou v obdobi mezi 1. lednem 2019 a 30. ¢ervnem 2019
na Klinice urgentni mediciny Lékarské fakulty Univerzity v tureckém Mersinu. Do studie byli zafazeni vsichni
pacienti ve véku nad 18 let, ktefi byli dopraveni na kliniku urgentni mediciny s bolesti na hrudi a hospitalizo-
vani s pfedbéznou diagnézou AKS. Pacienti byli rozdéleni do dvou skupin, na ty, ktefi prezili, a ty, ktefi ne-
prezili. Byly zaznamenany hodnoty IG% a dalsich laboratornich parametrd a nasledné byl analyzovan vztah
mezi hodnotami IG% a 28denni mortalitou. Kromé toho byla pro srovnani diagnostické presnosti hodnot
IG% a dalSich proménnych provedena analyza ROC.
Vysledky: Do studie bylo zafazeno celkem 617 pacientt, z tohoto poctu bylo 423 (68,6 %) muzd. Primérny
vék pacientt dosahoval 63,9 + 12,7 roku. Hodnota IG% byla vyssi u neprezivsich pacientd (1,2 = 1,4) nez
u prezivsich (0,5 +0,5) (p = 0,007). V predikci 28denni mortality, pokud byla mezni hodnota 1G% > 0,6, byla
zjisténa specificita ve vysi 93,70 % a senzitivita 54,55 % (AUC=0,717; p = 0,000). V predikci 28denni mortality
na AKS predstavovalo 1G% nezavisly rizikovy faktor (pomér rizik [hazard ratio, HR] 632,962; 95% interval
spolehlivosti 3,389-118 206,572; p = 0,016).
Zavér: U pacientl s AKS muZe hodnota IG% souviset s 28denni mortalitou.

© 2025, CKS.

ABSTRACT

Background: The percentage of immature granulocytes (IG%) is an early marker of inflammation and has
a prognostic significance in many diseases.

Objective: In this study, we tried to investigate whether the percentage of immature granulocytes has
a prognostic value in 28-day mortality in patients with acute coronary syndrome (ACS).

Method: This study was carried out retrospectively between 1.1.2019 and 30.6.2019 at Mersin University
Faculty of Medicine, Department of Emergency Medicine. Patients older than 18 years who applied to the
emergency department with chest pain and were hospitalized with a preliminary diagnosis of ACS were
included in the study. The patients were divided into two groups as survivors and non-survivors. IG% and
other laboratory parameters were recorded. The relationship between IG% and 28-day mortality was analy-
zed. In addition, ROC analysis was performed to compare the diagnostic accuracy of IG% and other variables.
Results: A total of 617 patients, including 423 (68.6%) men, were included in the study. The mean age of
the patients were 63.9 + 12.7. 1G% was higher in non-survivor patients (1.2 £ 1.4) than in surviving patients
(0.5 £ 0.5) (p = 0.007). In predicting 28-day mortality, when the cut-off value for IG% was >0.6, the specifi-
city was found to be 93.70% and the sensitivity to be 54.55% (AUC = 0.717, p = 0.000). In predicting 28-day
mortality for ACS, 1G% was an independent risk factor (hazard ratio [HR] 632.962, 95% confidence interval
3.389-118206.572, p = 0.016).

Conclusion: IG% may be associated with a 28-day mortality in patients with ACS.
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Introduction

Despite significant advances in the diagnosis and tre-
atment of acute coronary syndrome, it remains the leading
cause of death worldwide, and about half of these deaths
are due to ischemic heart disease." It is believed that high
levels of inflammatory factors in the blood contribute to
the development of cardiovascular events and that chro-
nic inflammation plays a key role in the pathogenesis of
atherosclerosis.? Presence of macrophages, T lymphocytes,
dendritic cells and mast cells in atherosclerotic lesions; de-
tection of HLA class Il antigen expression; and the secretion
of various cytokines points to the role of inflammatory me-
chanisms in the pathogenesis of atherosclerosis.?

Predicting the prognosis in acute coronary syndromes
is a very important step in treatment and follow-up. Bio-
markers such as cardiac troponins, CRP, and NT-BNP are
frequently used in the prognosis of ACS patients. Despite
this, clinicians are still searching for many new biomar-
kers that can be used to predict the prognosis of pati-
ents with ACS. Examples of these are biomarkers such as
cortisol, neutrophil to lymphocyte ratio (NLR), D-dimer,
adinopectin, and serum albumin, and HbA .**

Immature granulocytes are cells secreted from the
bone marrow and represent immature granulocytes. Nor-
mally, blood levels of these cells are low; however, they
increase in the bone marrow during infection, inflamma-
tion or ischemic events. Since inflammatory processes in
ACS may result in damage to cardiac tissue, the number
of immature granulocytes is an important parameter
when assessing the clinical status and prognosis of the
patient.'0-'3

In this study, we will examine the effects of the per-
centage of immature granulocytes on 28-day mortality
in ACS patients and provide potential prognostic infor-
mation for the treatment process of patients. Aiming to
contribute to both clinical practice and the existing litera-
ture, this study will be an important step towards under-
standing the role of inflammation in the management of
cardiac diseases.

Materials and methods

Patients and study design

Patients who applied to the emergency department with
chest pain complaints and were diagnosed with ACS using
laboratory tests and imaging methods between 1.1.2019
and 31.6.2019 were included in this study. Our study was
conducted by retrospectively scanning the data of pati-
ents from hospital electronic information operating sys-
tems. The patients included in the study were divided
into two groups as those who were discharged and those
who died within 28 days. Ethics committee approval (No:
2021/726 Date: 03/12/2021) was received.

Patients whose laboratory data could not be reached,
patients with chest pain diagnosed as other than ACS,
patients receiving chemotherapy, patients with immu-
nosuppression, pregnant, patients with hematological
disease and patients under 18 years of age were excluded
from the study. 21 patients were excluded from the study
and the study was completed with 617 patients (Fig. 1).

Age, gender, leucocyte, platelet, immature granulo-
cyte percentage (IG%), NLR, glucose, C-reactive protein
(CRP), blood urea nitrogen (BUN), aspartate amino-
transferase (AST), alanine aminotransferase (ALT), LDH,
creatinine, CK, CK-MB, and troponin values of the pati-
ents were recorded. The patients were divided into two
groups as those who survived and those who died in the
first 28 days. All parameters were evaluated between
groups. The primary endpoint of the study was 28-day
mortality in ACS patients.

Laboratory examination

Blood samples for laboratory tests were collected within
2 h of admission. After blood samples were collected in
the EDTA tube for the determination of leucocyte count,
platelet count and 1G%, measurements were performed
on the automated blood cell analyzer (XN-1000, Sysmex
Corp. Kobe, Japan). The normal reference values of the
parameters in our study were as follows: leukocytes
(4500-10000/mm?3), neutrophil percentage (42.2-75.2%),
and immature granulocyte percentage (0-0.6), serum CRP
(0-5 mg /dL).

ACS patients

n =638
Exclusion n = 21
With
immunosuppression: 10
Pregnant: 4
\ 4 Hematological disease: 7

Eligible patients
n=617

Y Y

Survival 28 days
n =583 (94.5%)

Non-survival 28 days
n =34 (5.5%)

Fig. 1 - Flow chart of the study.

Table 1 - Demographic data of patients

Variables n Percentage
Male 423 68.6
Gender
Female 194 31.4
Low 506 82.0
1G% i
High 1M 18.0
STEMI 98 15.9
Group Non-STEMI 222 36.0
USAP 297 48.1
28-day mortality 34 5.5
Outcome .
Survivor 583 91.4
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deceased and surviving patients
Variables Deceased Surviving p
(n =34) (n =583)
Age 73.0+14.4 63.2+ 123 <0.001
Leucocyte 12.92 + 6.81 9.56 + 3.45 0.007
Neutrophil 97+6.8 6+29 0.003
NLR 9.1+938 3.1+34 0.001
Lymphocytes 2.1+ 1.7 26+14 0.034
Platelets 238 £95.4 254.8 +79.2 0.237
1G% 12+14 0.5+0.5 0.007
Glucose 181.1 £ 80.9 167 + 97 0.413
AST 83.1+ 162 34.8 +53.5 0.097
ALT 42.5 + 86 27 £38.2 0.309
LDH 628.5 + 534.2 256.3 + 108.1 0.149
CK 334.5+1013.2 168.3 + 236.1 0.385
CK-MB 49 + 86 17.7 +47.6 0.047
Troponin 41.3 +68.9 46+84 0.008
CRP 41.3 +68.9 11.2 £ 20.1 0.018
Statistical analysis

Statistical analyzes of this study were performed with
SPSS Statistics for Windows program. Frequency distri-
butions for categorical variables and normality controls
for continuous measurements were tested with the Sha-
piro-Wilk test. Analysis of variance was used for group
comparisons. Levene test was used for homogeneity of
variances. One-way ANOVA was used for the differences
between the group means in cases where the homoge-
neity of variances was provided, and the Welch test was
used when the condition was not met. For pairwise com-
parisons, Bonferroni test was used when variances were

homogeneous and Games Howell test was used when
heterogeneous. Pearson correlation coefficient was used
to control the relationship between continuous variables.
Numbers and percentages were given as descriptive sta-
tistics. P <0.05 was taken as statistical significance. ROC
analysis was performed for survival analysis and the area
under the curve was calculated. P <0.05 value was used
for statistical significance.

Results

A total of 617 ACS patients, including 423 (68.6%) men
and 194 (31.4%) women, were included in the study.
Ninety-eight (15.9%) of the patients were STEMI, 222
(36.0%) NSTEMI and 297 (48.1%) USAP patients._The
mean age of the patients were 63.9 + 12.7 (Table 1, Fig. 1).

When the laboratory parameters of the died and sur-
viving patients were compared; IG% (1.2 £ 1.4, 0.5 £ 0.5,
p =0.007), leukocytes (12.92 + 6.81, 9.56 + 3.45, p <0.007),
CRP (41.3 £ 68.9, 11.2 + 20.1, p = 0.018), neutrophil (9.7
+6.8) .6 + 2.9, p =0.003), NLR (9.1 £9.8,3.1+ 3.4, p =
0.001 ), troponin (41.3 = 68.9, 4.6 + 8.4 p = 0.008) and
creatinine (1.52, 0.89, p = 0.04) values in the deceased
group was found to be higher. Lymphocyte value was
significantly lower among patients who died (2.1 = 1.7,
p =0.034) (Table 2). In the ROC analysis performed to pre-
dict 28-day mortality, when the cut-off value for 1IG% was
0.6 and above; specificity was 93.70%, sensitivity 54.55%,
PPV 15.93%, and 97.02% (AUC = 0.717, p = 0.0001) (Fig.
2, Table 3).

When Cox regression analysis (univariate Cox regre-
ssion) was performed one by one with all parameters
thought to affect death in the study, all variables except
ALT value were found to be significant. After the vari-
ables thought to affect death in the study were deter-
mined as a result of univariate Cox regression analysis,
multivariate Cox regression analysis was performed. As

Table 3 - Performance characteristic of laboratory parameters in predicting 28-day mortality

Variables Cut-off al;c Sensitivity
Leucocyte >11.33 ?6?070508) ?357'?889-72.80)
Neutrophil 010 ?6.78301) (53()2(.)4?4-67.56)
NLR >3.64 ?6_702301) (6479'(.3457—82.59)
Lymphocytes k) ?6.6050205) ?302'2?4-67.56)
1G% >0.6 (60001 (3367159
CKMB S ?6.6:0106) (6465':;17 7-82.02)
Troponin A ?6.6(3)302) (5;6.5??6—71.88)
CRP >12.65 0675 o

(0.0009)

(33.55-69.19)

Selectivity PPV NPV

77.53 12.67 96.79
(73.92-80.86) (7.80-19.07) (94.76-98.19)
87.14 18.48 96.76
(84.14-89.75) (11.15-27.93) (94.87-98.10)
76.84 14.56 97.60
(73.20-80.21) (9.46-21.04) (95.75-98.80)
85.93 17.17 96.72
(82.84-88.765) (10.34-26.07) (94.80-98.08)
83.70 15.93 97.02
(80.45-86.61) (9.73-24.00) (95.13-98.32)
69.13 10.89 97.34
(65.20-72.86) (6.95-16.03) (95.29-98.66)
76.39 11.69 96.70
(72.70-79.80) (7.08-17.84) (94.62-98.14)
78.73 12.32 96.55
(75.14-82.03) (7.35-18.99) (94.46-98.02)
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Fig. 2 - ROC curves for IG%, NLR, neutrophil, troponin, leucocytes,
and CRP levels to predict 28-day mortality.

a result of the analysis, a statistically significant differen-
ce was found only in terms of IG% level (hazard ratio [HR]
632.962, 95% confidence interval 3.389-118206.572, p =
0.016). Accordingly, it can be said that the risk of death is
632.962 times higher as the 1G% level increases (p = 0.016)
(Table 4).

Discussion

Considering the important results of this study; The 1G%
was higher in patients who died (1.2 £ 1.4) than in pa-
tients who survived (0.5 = 0.5) (p = 0.007). In predicting 28-
day mortality, when the cut-off value for IG was >0.6%,
the specificity was 93.70% and the sensitivity was 54.55%
(AUC =0.71, p = 0.000). In predicting 28-day mortality for
ACS, 1G was an independent risk factor of % (hazard ratio
[HR] 632.962, 95% confidence interval 3.389-118206.572,
p =0.016).

In a study investigating sudden cardiac arrest and sud-
den cardiac death following unstable angina pectoris and
myocardial infarction, the incidence rates were 45.8% for
NSTEMI, 35.5% for STEMI, and 18.7% for USAP. In anoth-
er study conducted in China, the incidence of USAP was
found to be quite high.'' In our study, STEMI occurred in
15.9% of cases, NSTEMI in 36%, and USAP in 48.1%. We
believe that the high rate of USAP may be attributed to

Table 4 - Univariate and multivariate Cox regression analysis for 28-day mortality

Univariate analysis

Variables ; HR
(95% CI) .

Age 0.058 (0361 088y <0001
Leucocyte 0.114 gijl()2715—1.168) <0.001
Neutrophil 0.135 21'?14(;11—1.190) <0.001
NLR 0.098 (ome1137) <0001
IG% 1615 berg539) <0001
Glucose 0.002 (o00-1000 0023
AST 0.003 (5011005 0001
ALT 0.003 06991 007) 0105
LDH 0.002 (o011 008y <0001
K 0.001 (1 000-1.007) 0002
CKMB 0.005 (i oor-1.008) 0007
CRP 0014 1.014 <0.001

(1.010-1.017)

Multivariate analysis

] HR P
(95% CI)

0.203 (1i.2()236-1 457) 0.021
1.217 (36.307373—343.458) 0.606
-1.253 ?6?(?03—29.576) 0397
~0.054 ?6?64:9-1 303) 0.740
6.45 ?5@2396—21 18206572 016
0.004 (16?5;):4-1 .025) 0689
-0.140 ?6?:793-1 121) 0281
-0.185 ?(5.863;2—1 .076) 0.160
0.003 (16?:;6-1 .010) 0407
~0.003 ?6?3770—1 025) 084
0.013 26?81738—1.170) 087
0.113 1.120 0.126

(0.969-1.294)
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the absence of an hsTN kit in our hospital and the use of
the classical troponin test.

Early evaluation and treatment in the emergency
department is of great importance in patients with car-
diovascular disease associated with high mortality, such
as ACS." Various biomarkers and clinical scoring, includ-
ing troponin, CRP, NT-proBNP, and NLR, have been used
as prognostic indicators in studies. The IG% is a simple
hemogram parameter that is less well known among
clinicians. Several recent studies have suggested that
IG% can be used to predict both short-term and long-
term mortality associated with many diseases."” Imma-
ture granulocytes are the common name of myelocytes,
promyelocytes, and meta myelocytes, that is, granulo-
cyte (neutrophil) precursors, which are not found in pe-
ripheral blood except in the neonatal period."” ' Stud-
ies show that immature granulocytes can be used as
a marker of inflammation in the early period.? Recently,
more studies have been carried out on this parameter,
which is not used enough by clinicians. Its efficacy has
been investigated for the prediction of sepsis in pa-
tients with severe burns, the prognosis of patients with
acute pancreatitis, the prediction of in-hospital mortal-
ity in patients with upper gastrointestinal bleeding, the
prognosis of patients with STEMI, the early prediction of
mesenteric ischemia, and as an innovative biomarker for
SARS-COV-2 infection."122-24 As seen from these stud-
ies, it is seen that there is still a need for more research
and evaluation by clinicians for the use of this biomarker
in different clinical situations.

Krishnan et al. reported that IG count is an effective
marker in estimating the severity of infection and in de-
termining the need for early intervention in critically ill
patients.” In another recent study, it was reported that
the 1G% was associated with mortality in upper gastro-
intestinal system diseases, and the IG5 helped predict
mortality with a cut-off value of 0.95 with a sensitivity
of 66.7% and a specificity of 75.7%.% Park et al. exam-
ined the diagnostic value of the IG count and its role in
predicting the occurrence of complications in patients
with acute appendicitis. In this study, it was shown that
IG count is not as effective as other inflammatory markers
in diagnosing and predicting the occurrence of complica-
tions.? Sinaga et al. reported that the IG count obtained
at presentation to the emergency department serves as
a marker that can effectively help predict 30-day mor-
tality in patients with peritonitis, with a cut-off value of
1.05.7 Huang et al. reported that IG count may be an in-
dicator of possible pulmonary complications at the onset
of acute pancreatitis.?®

The relationship between ACS and inflammation has
been known for many years. In addition, inflammation is
closely associated with prognosis and possible complica-
tions in ACS patients.? Increasing the severity of inflam-
mation increases the likelihood of atherosclerotic plaques
causing MI1.2° In many previous studies, it has been report-
ed that hemogram parameters (e.g. leucocyte, neutro-
phil counts, etc.) and the ratios of these parameters to
each other have prognostic value in patients with CAD
and STEMI.3"-3 Korkut et al. found the mean IG levels in
patients with STEMI to be significantly higher in patients
who died compared to those who survived (1.12 + 0.22

vs 0.50 + 0.28, p <0.001). They showed that IG predicted
mortality with a sensitivity of 72.2% and a specificity of
77.8% at a cut-off value of 0.65 (area under the curve:
0.740, 95% Cl 0.635-0.846, p <0.001). They emphasized
that high 1G values at the time of admission to the emer-
gency department may be an indicator of mortality in
patients with STEMI."> Kong et al. emphasized in their
study that the increased DNI value, which reflects the
proportion of immature granulocytes circulating in the
blood, is an independent predictor of 30-day mortality
and poor clinical outcomes in patients with acute STEMI
after PPCI."3

As seen in the above studies, studies examining the
relationship between ACS and IG% are limited. In our
study, IG% was found to be higher in deceased patients
than in surviving patients. In the ROC analysis performed
to determine the 28-day mortality, when the cut-off val-
ue for 1IG% was 0.6 and above; specificity was 83.70% and
sensitivity was 54.55%. When we examine in terms of IG
(%) level, it can be said that while patients with a cut-off
value of >0.6 die, individuals below this value live. Also,
the area under the curve for this parameter is 0.717. In
other words, the probability of distinguishing between
the survivors and the deceased was found to be quite
high and statistically significant. In predicting 28-day
mortality for ACS, 1G% was determined as an indepen-
dent risk factor. The pathophysiology of the relationship
between ACS and immature granulocytes is an issue that
needs to be investigated. The possible mechanism is that
in cases of sterile inflammation after ACS, the mechanism
of increase of immature granulocytes is probably similar
to that in sepsis. Rapid expansion of circulating neutro-
phils is a possible mechanism to compensate for the loss
of active neutrophils due to the massive consumption and
destruction of mature cells in severe inflammation.

This study has several limits. First, it is designed as
a single-centered, retrospective study. Secondly, 1G% se-
rial measurements could not be made. Thirdly, the hs-tro-
ponin kit was not available in our hospital laboratory, so
we could not include it in the study.

Conclusion

Overall, the percentage of immature granulocytes can
serve as a prognostic marker in patients with acute co-
ronary syndrome, particularly regarding short-term mor-
tality risk. Further studies may continue to elucidate the
mechanisms and refine the clinical applications of this
measurement in risk assessment and management strate-
gies in ACS patients.
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Kontext: Dosud se toho vi madlo o mozné spojitosti mezi cévnim zasobenim stitné zlazy a aterosklerotickou
zatézi koronarnich tepen u pacientd s podezfenim na ischemickou chorobu srdecni.
Cile: Posoudit moznou spojitost mezi dopplerovskymi parametry horni stitné tepny a markery aterosklerézy
koronarnich tepen vcetné zavaznosti stendzy, kalcifikace koronarnich tepen (CAC) a rozsahu platu zjisténé-
ho koronarografickym vysetfenim pacientt s podezienim na ischemickou chorobu srdecni (ICHS) metodou
multidetektorové vypocetni tomografie (MDCT).
Pacienti a metody: Do této prlifezové studie bylo zafazeno 100 pacientl s bolesti na hrudi, u nichz byla pro
vylouceni okluzivni ischemické choroby srdecni provedena koronarografie MDCT. Vsichni zafazeni pacienti
byli z klinického hlediska eutyreoidni, bez klinickych znamek hypotyreézy nebo hypertyredzy. U zafazenych
pacientl byla pro stanoveni cévnich parametr( vcetné indexu rezistence (RI), maximalni rychlosti proudéni
krve v systole (PSV), rychlosti proudéni krve na konci diastoly (EDV) a indexu pulsatility (pulsatility index, PI)
sonograficky vysetfena horni stitna tepna.
Vysledky: Byla nalezena statisticky vyznamna spojitost mezi snizenymi hodnotami PSV (16 cm/s vs. 15 cm/s;
p =0,03) a CAC>400, a to i po dalsi adjustaci na rizikové faktory koronarnich ptihod (OR [CI] = 0,3 [0,1-0,8];
p = 0,03). Pacienti s vyznamnou korondrni stendzou (> 50%) vykazovali vy$si hodnoty RI (0,58 vs. 0,54; p =
0,04) nez jedinci bez vyznamné koronarni stendzy (< 50%). Po adjustaci na jiné rizikové faktory koronarnich
pfihod vsak jiz tato spojitost nepfetrvavala. Nebyla pozorovana spojitost mezi parametry vysetfeni stitné
Zlazy dopplerovskym ultrazvukem vcetné PSV, EDV, Rl a Pl na jedné strané, a pfitomnosti koronarnich platd
na strané druhé.
Zavér: Hodnoty PSV a Rl v horni stitné tepné vykazovaly statisticky vyznamnou spojitost se zatézi CAC a s vy-
znamnou korondrni stenézou. Tyto vysledky mohou naznacovat mozné spojeni mezi parametry rezistence
cév stitné zlazy a zatézi aterosklerézou koronérnich tepen.

© 2025, CKS.

ABSTRACT

Background: Little is known about the potential association between thyroid vascular parameters and coro-
nary atherosclerotic burden in patients with suspected coronary artery disease.

Objectives: To assess the potential association between superior thyroid artery Doppler parameters and
coronary atherosclerotic markers, including stenosis severity, coronary artery calcification (CAC), and plaque
assessed by multi-detector CT (MDCT) coronary angiography among patients with suspected coronary artery
disease (CAD).

Patients and methods: This cross-sectional study included 100 patients with chest pain who underwent
MDCT coronary angiography to exclude the presence of occlusive coronary artery disease. All of the enrolled
patients were clinically euthyroid, with no clinical features of hypothyroidism or hyperthyroidism. The supe-
rior thyroid artery in enrolled patients was examined using ultrasound to assess vascular parameters, inclu-
ding resistive index (RI), peak systolic velocity (PSV), end-diastolic velocity (EDV), and pulsatility index (PI).
Results: There was a significant association between decreased PSV values (16 cm/s vs. 15 cm/s, p = 0.03) and
CAC 2400, even after further adjustment for coronary risk factors (OR (Cl) = 0.3 (0.1-0.8. p = 0.03). Patients
with significant coronary stenosis severity >50% had higher Rl values (0.58 vs. 0.54, p = 0.04) than those with
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a non-significant coronary stenosis <50%. However, this association did not persist after adjustment for
other coronary risk factors. No significant association was observed between thyroid Doppler parameters,
including PSV, EDV, RI, and PI, and coronary plaque presence.

Conclusion: PSV and RI of the superior thyroid artery showed a significant association with CAC burden and
significant coronary stenosis. These results may suggest a possible link between thyroid vascular resistance
parameters and coronary atherosclerosis burden.

Introduction

The thyroid gland is a highly vascular tissue located in
close proximity to carotid arteries. Superior thyroid ar-
tery, which is the chief artery supplying blood to the
thyroid tissue arising from external carotid artery, is su-
perficial and easily assessed by Doppler sonography in
comparison to inferior thyroid artery. Assessing thyroid
gland vascularity during carotid ultrasound examination
is not time consuming and may have diagnostic implica-
tions."? Clinical and pathological studies have reported
altered thyroid gland vascularity in clinically euthyroid
individuals secondary to various diseases, including co-
ronary artery disease (CAD).3

Vascular resistance parameters of thyroid arteries mea-
sured by pulsed-wave Doppler sonography, such as resis-
tive index (RI), peak systolic velocity (PSV), end-diastolic
velocity (EDV), and pulsatility index (Pl) may reflect not
only local vascular resistance or hemodynamic changes
but also systemic arterial stuffiness or endothelial dys-
function.? Results from previous studies suggest that pa-
rameters of vascular resistance of renal or retinal arteries
can estimate the severity of systemic atherosclerosis, par-
ticularly among persons with coronary risk factors.*>

Thyroid hormones affect the heart and coronary ves-
sels through different pathophysiological mechanisms, in-
cluding endothelial dysfunction, increased intima-media
thickness, and increased vascular resistance. Moreover,
several clinical studies have reported an increased risk
of all-cause mortality morbidity in patients with thyroid
disorders, even after accounting for coronary risk factors
such as dyslipidemia, diabetes, and hypertension.®® Oth-
er studies have found a significant link between thyroid
gland dysfunction and coronary calcification, even in pa-
tients with normal thyroid function.>™

In contrast to primary thyroid disorders, peripheral
thyroid hormone metabolism is impaired, as part of the
non-thyroidal illness syndrome, in a variety of cardiovas-
cular diseases such as myocardial infarction and heart fail-
ure. This abnormal alteration in thyroid hormone balance
is proportional to the severity of the underlying heart
disease and serves as a predictor of poor cardiovascular
outcomes.™

In the literature, little is known about the possible link
between thyroid vascular parameters and coronary ath-
erosclerotic burden in patients with suspected CAD. The
main aim of the present study was to assess the potential
association between the superior thyroid artery Doppler
parameters, including Rl, PSV, EDV, and PI, and coronary
atherosclerotic markers, including stenosis severity, cor-
onary artery calcification (CAC), and plaque assessed by
multi-detector CT (MDCT) coronary angiography among
patients with suspected CAD.

Patients and methods

A cross-sectional study was conducted between Janua-
ry 2023 and October 2023. It included a sample of 100
patients with chest pain who underwent 64-MDCT co-
ronary angiography at the Al-Sader teaching hospital in
Al-Najaf city, Iraq, to exclude the presence of occlusive
CAD. As described in detail in our previous study, each
patient provided a thorough history at the time of the
MDCT angiography examination regarding coronary risk
factors such as sex, age, diabetes mellitus, hypertension,
smoking, dyslipidemia, family history of premature CAD,
and BMI."2 All of the enrolled patients were clinically eu-
thyroid, with no clinical features of hypothyroidism or hy-
perthyroidism. The exclusion criteria were as follows: (1)
a history of hypothyroidism or hyperthyroidism or prior
treatment with radioiodine; (2) use of medications that
could interfere with thyroid function; (3) previous thyroid
or neck surgery; and (4) thyroid nodules or altered paren-
chymal echo pattern identified during Doppler sonogra-
phy examination.

MDCT examination

CT coronary angiography examination was conducted
using a 64-slice scanner (Aquilon 64, v. 4.51 ER 010; Toshi-
ba Medical Systems, Tochigi, Japan), with retrospecti-
ve electrocardiography gating, and a non-contrast CT
was acquired to measure the calcium score according to
the Agatston method using a sequence scan with a sli-
ce thickness of 3 mm, as previously described in detail."?
Coronary stenosis severity was graded as normal to non-
-significant stenosis (a mean lumen diameter reduction of
<50%) and significant coronary stenosis as a mean lumen
diameter reduction of >50% in a single vessel by compa-
ring the lumen diameter of the narrowest segment with
that of a more proximal or distal normal segment in two
orthogonal projections. Coronary plaques were identified
as thickening >1mm in thickness within or adjacent to
the coronary artery wall. Plaques were categorized into
calcified plaques (plaques consisting of only calcium or
containing both calcified and non-calcified components)
and non-calcified plaques (plaques that were free of cal-
cium). All CT angiography data analyses were assessed
independently by two radiologists with over five years of
expertise in coronary MDCT angiography interpretation.
Verbal, informed consent was obtained from all enrolled
participants. The study was approved by our medical co-
llege board.

Superior thyroid Doppler ultrasonography

The color Doppler ultrasound examination of the superi-
or thyroid artery was performed by an experienced radio-
logist for all included patients before MDCT examination
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using a ML probe (frequency 6-15 MHz) of the GE LO-
GIC E9 XD Clear ultrasound system (GE Healthcare, 2019,
USA). The ultrasonography examination was conducted
while the patient was in the supine position with a cushi-
on under his shoulder and his neck extended. The superi-
or thyroid artery was identified as the first branch of ex-
ternal carotid artery that arises anteriorly at the level of
the hyoid bone and is traced up to the upper pole of the
thyroid gland. The Doppler parameters of the left and ri-
ght superior thyroid arteries measured were Rl, PSV, EDV,
and PI. Rl was calculated according to the following for-
mula: Rl = PSV — EDV / PSV of the superior thyroid artery.
The right and left superior thyroid artery-related Doppler
parameter values were averaged to obtain a single mean
for each parameter.

Statistical analysis

The statistical analysis of the data was conducted using
SPSS version 23.0 (SPSS Inc., Chicago, IL, USA). Continuous
variables were expressed as mean + standard deviation
(SD). Categorical variables were expressed as numbers
(%). The significance of the differences among groups
was analyzed using a two-tailed Student t-test. A p-va-
lue <0.05 was considered statistically significant in all
analyses. Binary logistic regression was used to assess
the association between superior thyroid artery Doppler
parameters and coronary risk factors, including age, sex,
BMI, diabetes mellitus, hypertension, family history, and
smoking with CAC >400 and significant coronary stenosis.

Results

A total of 100 patients (age = 59 £5 years, male sex 46%)
with suspected CAD and clinically euthyroid state who
underwent 64 multi-slice MDCT coronary angiography to
rule out the presence of occlusive coronary artery dise-
ase were enrolled in the present study. The prevalence of
coronary risk factors was as follows: hypertension (55%),
smoking (45%), obesity (42%), diabetes mellitus (39%),
family history (30%), and dyslipidemia (30%). Eleven pa-
tients had CAC >400, whereas 15 patients had significant
coronary artery stenosis (stenosis severity >50%). Corona-
ry plaque was detected in 68 patients. Calcified plaque
was detected in 66 patients, while only two patients had
non-calcified plaque. The mean values of Doppler para-
meters of the superior thyroid artery were as follows:
Rl = 0.55 + 0.09; PSV = 16 + 0.78; EDV = 7 + 0.89; Pl =
0.89 = 0.13. Clinical characteristics, as well as coronary
atherosclerotic markers assessed by MDCT and Doppler
parameters of the superior thyroid artery, are displayed
in Table 1. There was a significant association between
decreased PSV values (16 cm/s vs. 15 cm/s, p = 0.03) and
CAC 2400, even after further adjustment for coronary risk
factors (OR (ClI) = 0.3(0.1-0.8. p = 0.03). No significant as-
sociation was found between other Doppler parameters
and CAC >400, as in Tables 2 and 3. Table 2 shows that
patients with significant coronary stenosis severity >50%
had higher Rl values (0.58 vs. 0.54, p = 0.04) than those
with non-significant coronary stenosis <50%. However,
this association did not persist after adjustment for other
coronary risk factors, as seen in Table 3. Other Doppler

parameters, as shown in Table 2, showed no significant
differences between coronary stenosis severity groups.
No significant association was observed between thyroid
Doppler parameters and coronary plaque presence, as
seen in Table 2.

Discussion

In the literature, thyroid dysfunction is associated with
accelerated coronary atherosclerosis and an increased
risk of adverse cardiovascular events. This association can
be explained by the effect of thyroid hormones on en-
dothelial dysfunction, vascular resistance, and the higher
prevalence of hypertension and lipid abnormalities in pa-
tients with thyroid dysfunction.7 Furthermore, evidence
from clinical studies suggests that thyroid disorders when
thyroid hormones are within the euthyroid range may be
associated with significant coronary stenosis and carotid
atherosclerosis, even in young people with low overall
cardiovascular risk.°

Pulsed-wave Doppler parameters of thyroid arteries
are quantitative and qualitative markers of arterial com-
pliance and endothelial dysfunction, representing an
early and reversible feature of atherosclerosis. PSV and RI
indices of the superior thyroid artery measured by Dop-
pler ultrasonography are affected by both vascular wall

Table 1 - Patients characteristics

Variables Mean = SD or n (%)
or median (IQR)

Age (years) 59+5

Male sex 46 (46)

Family history 30 (30)

BMI 27+5

Obesity (BMI >30) 42 (42)
Diabetes mellitus 39 (39)
Hypertension 54 (55)
Smoking 45 (45)
Dyslipidemia 30 (30)

Coronary atherosclerosis markers

280 (160-350)
11(11)

15 (15)

Coronary artery calcium score
CAC 2400

Significant coronary stenosis >50%

Coronary plaque presence 68 (69)
Non-calcified plaque 2(2)
Calcified plaque 66 (67)
Multiple coronary plaques 25 (25)
Thyroid Doppler parameters

Resistive index (RI) 0.55 + 0.09
Peak systolic velocity (PSV), cm/s 16 +0.78
End-diastolic velocity (EDV), cm/s 7 +£0.89
Pulsatility index (PI) 0.89 +0.13
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Table 2 - Association of coronary atherosclerotic markers

with thyroid Doppler parameters

CAC

CAC <400 CAC >400 p-value
RI 0.54 0.0 0.58 £ 0.1 0.25
PSV 16 £ 0.7 15+ 0.6 0.03
EDV 708 7x1 0.63
PI 0.9+0.1 0.8+0.1 0.07
Coronary stenosis severity

Stenosis <50% Stenosis >50% p-value
RI 0.54 £ 0.0 0.60 £ 0.1 0.04
PSV 16+ 0.7 15+ 0.8 0.38
EDV 708 71 0.48
Pl 0.9+0.1 0.8+0.1 0.09
Coronary plaque presence

Without plaque Plaque presence p-value
RI 0.54 £ 0.0 0.55+0.0 0.71
PSV 16+ 0.8 16 £ 0.7 0.39
EDV 7038 7+09 0.92
Pl 0.8+0.1 0.8+0.1 0.88
CAC >400

Odd ratio Confidence interval  p-value

PSV 0.3 0.1-0.8 0.03
Diabetes mellitus 5 1.3-15 0.01
Significant coronary stenosis >50%
Age 1.3 1-1.6 <0.01
Diabetes mellitus 4 1-10 <0.01
Hypertension 5 2-12 <0.01

* Only variables with statistically significant associations are displa-
yed in the Table.

disorders, such as atherosclerosis, and parenchymal thy-
roid dysfunction, such as inflammation or fibrosis."> Fur-
thermore, PSV is widely used in the differential diagnosis
of thyrotoxicosis and can provide valuable data about
underlying thyroid functional status."'*' In the present
study, the significant and independent association of
superior thyroid artery PSV with CAC >400 may suggest
that thyroid vascular resistance, as measured by Doppler
ultrasound, may reflect the systemic atherosclerosis bur-
den such as significant coronary calcification, particularly
among patients with suspected coronary artery disease.

Studies of the association between thyroid vascular pa-
rameters and coronary atherosclerosis markers are sparse
and have been inconsistent in the literature.

A significant positive association has been reported
between thyroid hormones, even in the euthyroid range,
and coronary calcification burden.'® A study conducted
by Y. Zhang et al. enrolled an apparently healthy young

and middle-aged euthyroid population and reported
a significant association between thyroid hormones and
a higher prevalence of subclinical coronary artery disease
and a greater degree of coronary calcification.' Further-
more, Gunduz et al. conducted a prospective study to as-
sess the impact of internal carotid angioplasty and stent-
ing on the superior thyroid artery Doppler parameters.
They found that there was no significant correlation be-
tween superior thyroid artery Doppler flow parameters
and the presence of coronary artery disease and other
coronary risk factors such as increased age, hypertension,
diabetes mellitus, smoking, or dyslipidemia.’

Another study conducted by Chekalina et al. found that
PSV and RI of thyroid arteries were considerably higher
among euthyroid patients with autoimmune thyroiditis
and coronary artery disease than in healthy persons, sug-
gesting that high values of thyroid Doppler parameters
in patients with thyroiditis and CAD have been linked to
endothelial dysfunction secondary to pro-inflammatory
cytokines overproduction.'

Several limitations should be addressed when interpret-
ing the findings of the present study. First, this was a sin-
gle-center cross-sectional study including patients with
suspected CAD. As a result, the findings may not be gen-
eralizable, and the causal relationship between thyroid
vascular parameters and coronary atherosclerotic markers
cannot be determined. Second, the possibility of residual
confounding in an observational cross-sectional study de-
sign cannot be entirely excluded. Third, thyroid hormone
measurements were not performed, and the likelihood of
some patients having subclinical thyroid functional chang-
es cannot be ruled out, despite a normal thyroid appear-
ance on ultrasound examination. Also, the potential effect
of thyroid hormones on the association between thyroid
vascular parameters and coronary calcification cannot be
adjusted. Fourth, we enrolled a relatively small sample
size of the study population, which may limit the power
of the study to detect a statistically significant association
between some Doppler parameters and coronary athero-
sclerosis markers. Further large prospective studies are re-
quired to establish a causal relationship between coronary
atherosclerotic markers and thyroid vascular resistance and
explore the potential mechanism.

Conclusion

PSV and RI of the superior thyroid artery showed a sig-
nificant association with CAC burden and significant co-
ronary stenosis. These results may suggest a possible link
between thyroid vascular resistance parameters assessed
by Doppler ultrasonography and coronary atherosclerosis
burden among patients with suspected CAD.
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Angina pectoris bez obstrukce koronarnich tepen je Casty nalez u pacientli s bolestmi na hrudi, v jehoz
patofyziologii se uplatiuji zejména dva mechanismy - strukturalni nebo funkéni poskozeni mikrocirkula-
ce ¢i funkeni poskozeni epikardidlnich tepen, pfipadné jejich kombinace. Souhrnny clanek se zabyva dia-
gnostikou korondrni mikrovaskuldrni dysfunkce se zaméfenim na kontinudlni termodiluci jako bezpecnou,
jednoduchou, rychlou a na operatérovi nezdvislou metodu. Popisuje teoreticky zaklad i praktické aspekty
s grafickymi ukazkami méreni.

© 2025, CKS.

ABSTRACT

Angina with non-obstructive coronary artery disease is a frequent finding in patients with chest pain. Its
pathophysiology involves two main mechanisms: structural and functional dysfunction of microcircula-
tion, functional dysfunction of epicardial arteries, and their combination. The review article focuses on the
diagnostics of microvascular dysfunction, particularly continuous thermodilution, as a safe, easy, fast, and
operator-independent method. It describes both theoretical background and practical aspects with graphi-
cal examples of measurements.

Uvod

Angina pectoris (AP) bez obstrukce korondrnich tepen
(ANOCA) je casty nalez (30-70 %) u pacientt s bolestmi na
hrudi referovanych k selektivni koronarografii (SKG), kdy
az u 25-30 % je detekovatelna ischemie (INOCA)."

V patofyziologii se uplatfiuji zejména dva mecha-
nismy — strukturalni a funkéni poskozeni, kterd mohou
postihovat jak epikardialni tepny, tak tepny mikrocir-
kulace a zaroven se i kombinovat. Z klinického hlediska
tudiz u ANOCA rozlisujeme 1) mikrovaskularni anginu
(MVA) na podkladé strukturalniho poskozeni mikro-
cirkulace (koronarni mikrovaskularni dysfunkce [CMD]
- snizend koronarni prUtokovd rezerva [CFR] a/nebo

zvysena rezistence) nebo funkéniho mikrovaskuldrniho
vazospasmu (angina a EKG zmény bez epikardialniho
vazospasmu pfi acetylcholinovém testovani) a 2) epi-
kardialni vazospastickou anginu (VSA) - angina, EKG
zmény a vazospasmus pfi acetylcholinovém testovani
(viz tabulku 1).7:24

Klinicka manifestace ANOCA zahrnuje Siroké spektrum
symptom sniZujicich kvalitu Zivota, které jsou ¢asto chyb-
né diagnostikovany, lé¢eny a nezfidka vedou k opakova-
nym hospitalizacim a invazivnim vySetfenim. Zaroven maji
pacienti s MVA i VSA horsi dlouhodobou prognézu.'>®

Pfimé zhodnoceni odpovédi koronarni mikrocirkulace
na vazodilata¢ni podnéty a diagnostika vazomotorickych
poruch jsou klicové ke spravné stratifikaci a volbé [écebné
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Tabulka 1 - Klinické endotypy ANOCA

Mikrovaskularni angina (MVA)
- Mikrovaskularni dysfunkce (CMD)

FFR > 0,80, iFR > 0,89
CFR < 2,0(2,5), IMR > 25, MRR < 2,1

- Mikrovaskularni vazospasmus (dynamicka arteriolarni obstrukce) Angina +zmény EKG + < 90% epikardialni spasmus pfi Ach testovani

Vazospasticka angina (VSA)

- Epikardialni vazospasmus

Angina + zmény EKG + > 90% epikardialni spasmus pii Ach testovani

Ach - acetylcholin; CFR - koronérni pritokova rezerva; CMD - korondrni mikrovaskularni dysfunkce; EKG - elektrokardiogram; FFR — frak¢-
ni pritokova rezerva; iFR - instant wave-free ratio; IMR - index mikrocirkula¢ni rezistence; MRR - rezerva mikrovaskularni rezistence; MVA
- mikrovaskuldrni angina; VSA - vazospastickd angina. Upraveno dle Vrints et al., 2024.

strategie pacientd s ANOCA, cozZ vede k redukci zavaznos-
ti anginy a lepsi kvalité Zivota oproti standardni péci.”?

Komplexni invazivni koronarni funk¢ni vysetreni (CFT)
je v soucasné dobé jedina diagnostickd metoda k urceni
definitivni diagnoézy a charakterizaci specifického endoty-
pu ANOCA, coz je podporeno i aktudlnimi doporucenymi
postupy.'?

Cilem tohoto sdéleni je predstavit metodu pfimého
méreni korondrniho pratoku a mikrovaskularni rezisten-
ce pomoci kontinualni termodiluce, ktera pfi srovnani se
stavajicimi metodami (bolusova termodiluce ¢i dopple-
rovské méreni) vynikd nezdvislosti na operatérovi a vy-
bornou reprodukovatelnosti.

Koronarni pratok a koronarni mikrocirkulace

Koronarni tepennou cirkulaci si Ize predstavit jako mo-
del dvou kompartmentu. Epikardialni kompartment tvori
tepny o primeéru vétsim nez 0,4 mm, zajistuji transport
krve, jsou viditelné pfi koronarografii a mohou byt posti-
Zeny aterosklerézou. K evaluaci hemodynamické vyznam-
nosti zuzeni epikardidlnich tepen slouzi hyperemické
(napf. FFR) nebo klidové indexy (napf. iFR). Mikrocirkulaci
tvofi cévy o praméru mensim nez 0,4 mm (malé arterie
a arterioly), jsou to odporové cévy, které reguluji koro-
ndrni prutok. Kapilary vytvareji sit, jsou tvorfeny jednou
¢i dvéma vrstvami endotelidlnich bunék a jsou v pfimém
kontaktu s myofilamenty, které zasobuji. Kapilarni sit ne-
prispiva k rezistenci mikrocirkulace.®

Cévy mikrocirkulace vyznamné pfispivaji k cévni rezis-
tenci a k regulaci koronarniho pritoku (CBF). Jsou zod-
povédné za udrzovani koronarniho perfuzniho tlaku nad
40 mm Hg. Tento tlak je povazovan za dolni hranici tlaku
nezbytného k prevenci ischemie myokardu. Pod touto hra-
nici jsou subendokardialni cévy plné dilatované a kompen-
zatorni moznosti udrzeni nezbytného pritoku jsou vycer-
pany. Tato schopnost udrzovat konstantni CBF se nazyva
autoregulace. Mezi vnéjsi faktory ovliviujici CBF patfi sr-
decni frekvence, krevni tlak a kontraktilita levé komory. Za
normalnich okolnosti se mlze koronarni pratok vazodila-
taci zvysit Ctyrikrat az pétkrat nad klidové hodnoty (ozna-
¢ovano jako korondarni pratokova rezerva, CFR)."°

Vysetieni koronarni mikrocirkulace

CMD je charakterizovana zvysenou cévni rezistenci a sni-
Zenou odpovédi na vazodilata¢ni podnéty vedouci k sni-

Zeni koronarni pritokové rezervy (CFR, tj. pritok za ma-
ximalni hyperemie / klidovy pritok)."24

Vysetfeni CMD mUze byt provadéno neinvazivné nebo
invazivné. Mezi neinvazivni metody patfi metody nuk-
ledrni kardiologie, magnetickd rezonance nebo dopple-
rovska transtorakalni sonografie. K invazivni diagnostice
CMD se vyuziva intrakoronarni dopplerovskd sonografie
nebo termodilu¢ni metody — bolusova ¢i kontinudlni.'?

Méreni CFR pomoci nukledrnich metod - pozitivni
emisni vypocetni tomografie (PET) nebo jednofotonova
emisni vypocetni tomografie (SPECT) — jsou pro svou pres-
nost a reproducibilitu povazovéna za zlaty standard, ale
klinické pouzivani je limitovdno cenou a dostupnosti vy-
Setfeni.'"1?

Transtorakalni dopplerovska sonografie pratoku v ra-
mus interventricularis anterior (RIA) v klidu a béhem za-
tézové echokardiografie ma prognostickd data, ale jeji
provedeni je limitovano technickou néroc¢nosti a casto
vysetfitelnosti pacientd.'-1

Z invazivnich metod jsou k dispozici termodiluce nebo
intrakoronarni dopplerovské sonografie. Zasadni limitaci
dopplerovské metody je stabilita a kvalita intrakoronarni-
ho signalu,? proto se v klinické praxi aktudlné pouziva vy-
hradné intrakoronarni termodiluce, kterd vyuzivd dediko-
vany tlakové-teplotni katétr PressureWire™ X Guidewire
(AbbottLaboratories, LibertyvilleTownship, IL, USA) a soft-
ware Coroventis CoroFlow (Coroventis, Uppsala, Svédsko).

Parametry uzivané pfri invazivnim vysetfeni CMD

1. Koronarni pratok urceny termodilu¢né (bolusové mé-
feni — ,mean transit time” [T ] jako hodnota dobfe
korelujici s prdtokem; kontinualni méreni — absolutni
hodnota prutoku [Q]) nebo pomoci dopplerovského
méreni.

2. Korondarni prutokova rezerva (CFR).

3. Koronarni rezistence (bolusova termodiluce - index
mikrocirkulacni rezistence [IMR] — relativni hodnota ur-
¢ena s pomoci ,mean transit time” a distalniho intro-
koronéarniho tlaku; kontinualni termodiluce — absol/ut-
ni hodnota rezistence [R] uréena z prutoku zjisténého
kontinualni termodiluci; rezerva mikrovaskularni rezis-
tence [microvascular resistance reserve, MRR]).

Koronarni pritok

Koronarni pratok je nezbytny pro spravnou funkci myo-
kardu. Mikrovaskularni rezistence trvale pfizplsobuje ko-
ronarni pritok potfebdm myofilament (autoregulace).®
Hyperemické a klidové indexy (napf. FFR, iFR) odvoze-
né z méreni tlakd urcuji podil epikardialnich sten6z na
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zménach myokardialni perfuze, a proto se pouzivaji jako
referencni standard pro vedeni ,revaskularizace” epikar-
didlnich stendz.!

Naopak posouzeni korondrni mikrocirkulace vyzaduje
méreni korondrniho pratoku a mikrovaskularni rezisten-
ce. Index mikrocirkula¢ni rezistence, metoda zalozena na
odhadu koronarniho prdtoku pomoci bolusové termodi-
luce, se ukazala jako uzite¢na pro predpovéd klinického
vysledku pacientll bezprostfedné po akutnim infarktu
myokardu.” Dlouhou dobu nebyla zavedena zadna pfi-
ma invazivni metoda, kterd by kvantifikovala funkci
mikrocirkulace v absolutnich hodnotach. To se zménilo
s nastupem a validaci termodilu¢ni metody zaloZené na
kontinudlnim méreni, kterd umoznuje kvantifikaci abso-
lutni hodnoty koronarniho pritoku (ml/min) a absolutni
mikrovaskularni rezistence (mm Hg/I/min nebo ve Woo-
dovych jednotkach [WU]).'8-20

Termodiluce pomoci bolusu

Po prudkém vstfiknuti bolusu fyziologického roztoku
(o teploté nizsi nez je teplota krve) zavadécim katétrem
zaznamendvame pomoci teplotniho cidla v distalni ¢asti
tepny kfivku tvaru ,V" zndzornujici zménu teploty krve
v pribéhu ¢asu. Obvykle pozorujeme rychle klesajici prvni
¢asti krivky a pomaleji stoupajici druhou ¢&ast kfivky (viz
obr. 1).22

Z krivky lze odhadnout pritok podilem objemu cévy
V a stfedni doby pfenosu indikatoru krvi (T, ):
Q=V/T_
Objem cévy sice neni znam, ale je po celou dobu
konstantni, proto je T nepfimo umérné Q:
Q=1/T,,

Bolusovou termodiluci tedy neziskdme absolutni hod-
notu pritoku, ale mGzeme vyuzit T__jako ukazatel pru-
toku (¢im je mensi T_, tim je vétsi Q a naopak) a také

mn’

k uréeni CFR a indexu rezistence mikrocirkulace (IMR) (viz
déle). Pro tyto vypocty je nutné provadét bolusové méreni
za podminek klidového prdtoku a poté pfi navozené ma-
ximalni hyperemii — standardné tfi bolusy 3-4 ml FR pres
6F zavadéci katétr v klidu a tfi bolusy pfi hyperemii (pfi
variabilité vétsi nez 30 % se doporucuje provést vice mé-
feni), které se prameéruji, a ziskame tedy zvlast T_ za kli-
dového pratoku (T, . .,) a poté T_ pfi hyperemii (T_ . )
(viz obr. 1). Stabilni maximalni hyperemie se navozuje
vétsinou pomoci kontinudlni, minimdlné 30sekundové
intravendzni infuze adenosinu, s ¢imz mohou byt spoje-
ny nezadouci pfiznaky jako bradykardie, pocity dusnosti,
hypotenze. Na nékterych pracovistich se proto vyuziva in-
trakoronarni injekce papaverinu.®

Termodiluce stanovena pri kontinualnim méreni

PFi kontinudlni termodiluci se klidovy a maximalni pritok
méfi stejnym tlakové-teplotnim katétrem jako u bolusové
metody, ale pfi kontinudIni infuzi FR do proximalni ¢asti
mérené korondrni tepny (nejcastéji RIA) pomoci specific-
kého katétru se ¢tyfmi otvory na distalnim konci — napf.
katétr RayFlow (Hexacath, Rueil-Malmaison, Francie),
ktery je napojen na infuzni pumpu s regulovatelnym pru-
tokem v ml/min.’®2%22 Otvory v mikrokatétru zajistuji opti-
malni promichani FR s krvi.

Vysetfeni zacina klidovym méfenim pfi pratoku FR
rychlosti 10 ml/min, kdy po pfiblizné 2 minutach infuze
dojde ke stabilnimu poklesu teploty v distalni ¢asti ko-
ronarni tepny oproti za¢atku méreni (pfiblizné o 0,4-0,5
°C) (T,,). Po tomto ustéleni teploty se navodi hyperemie
zvy$enim pritoku FR na rychlost 20 ml/min, ¢imz dosah-
neme vyraznéjsiho poklesu teploty v distalni ¢asti tepny
s ustalenim opét pfiblizné po 2 minutach (T, ). Poté po-
vytahneme tlakové-teplotni katétr z distaIni ¢asti mérené
tepny proximalné k vyusténi katétru RayFlow ke zméreni
teploty FR vstupujiciho do korondrni tepny pfi pratoku

IMR =P, x T

CFR=T

mn,hyper

/T

mn,klid mn,hyper

Obr. 1 - Méfeni bolusovou termodiluci. CFR - koronarni priitokova rezerva; IMR - index mikrocirkula¢ni rezistence;

P, —distalni tlak; T

mn,hyper

- hyperemicky mean transit time; T

mia ~ Klidovy mean transit time.
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Obr. 2 - Méfeni kontinudlni termodiluci. FFR - frakcni pratokova rezerva; FR - fyziologicky roztok; P, - aortalni tlak;
P, - distaIni tlak; Q - pratok; Q, - priitok infuze; T - teplota zméFena v distalni ¢asti; T, - teplota infuze.

Q, (infuze)

T, (infuze)

Dedikovany infuzni katétr
se 4 postrannimi otvory
(RayFlow, Hexacath)

Q (ml/min) = 1,08 x (T./ T) x Q,

Q,ig= 10 ml/min FR

Obr. 3 - Schematické znazornéni méreni
kontinualni termodiluci.

CFR - koronarni priitokova rezerva; FFR -
frakéni pratokova rezerva; FR - fyziologicky
roztok; MRR - rezerva mikrovaskularni
rezistence; P, ., - klidovy aortalni tlak; Q -
pratok; Q- prutok infuze; Qe ~ rychlost
infuze FR k navozeni maximalni hyperemie;

Q,yper = 20 ml/min FR T o Q, 4 - rychlost infuze FR k navozeni klido-
Intrakoronarni vého pritoku; Q, .~ maximalni pratok;
MRR = (thper / leid) X (Pa wia ! Py hyper) dratls tla,kove- Qk”d " k-||d9V¥ prutok; P.d.h per distalni t,lak,
=(CFR/FFR)x (P /P . ’ -teplotnim za maximalni hyperemie; P, - aortdlIni
a/lid” * ahyper Cidlem tlak za maximalni hyperemie; T - teplota
(PressureWire zméfena v distalni ¢asti; T,— teplota infuze.
X, Abbott) Upraveno dle de Vos et al., 2023.3' Vytvore-

20 ml/min (T, ) a po ustaleni snizime pritok zpét na
10 ml/min ke zméreni teploty FR vstupujiciho do koronar-
ni tepny pfi tomto pratoku (T, ..) (viz obr. 2 a 3).
Mechanismus maximalni a stabilni hyperemie navoze-
né pratokem 20 ml/min pres katétr RayFlow je dan zejmé-
na mirnou hemolyzou erytrocytl ¢i jejich deformaci ve-
douci k uvolnéni lokalnich vazodilatacnich ptsobku jako
adenosintrifosfatu (ATP) a oxidu dusnatého (NO), které
pusobi jak nezavisle na endotelu (ATP pres receptory A,
na hladkosvalovych burikach a NO pfimo vazodilatacné),
tak zavisle na endotelu (NO produkované ATP aktivo-
vanou endotelovou NO syntetdzou).” Takto navozena
kratkd a lokdlni hemolyza nevede k vyznamnému pokle-
su hemoglobinu, hyperkalemii ani nezvy3uje riziko post-

no v BioRender.com.

proceduralniho akutniho renalniho poskozeni.19.23.24 Pyj
pritoku 10 ml/min k témto jeviim nedochazi, naopak vys-
$i nez 20 ml/min jiz nevedou k vyraznéjsi hyperemii. Dal-
$im vyznamnym predpokladem je prutok pres specificky
mikrokatétr se ¢tyFmi bo¢nimi otvory na konci (RayFlow),
protoze bylo prokdzano, Ze aplikace kontinudlniho FR
pouze jednim koncovym otvorem, byt o vyssich rychlos-
tech, nevede k navozeni hyperemie.

Vyhodou kontinudlni termodilu¢ni metody je stano-
veni absolutnich hodnot pratoku i rezistence. Zakladni
princip je relativné jednoduchy — za predpokladu mini-
malni vymény tepla se sténou tepny a ze indikator (FR) je
homogenné rozptylen v krvi ve znamém a konstantnim
objemu, lze ur¢it hodnotu pratoku ,troj¢lenkou”:
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Q=108x(T-T/T,-T)xQ

Q, = rychlost infuze FR pokojové teploty

(obvykle 8-25 ml/min)

T = teplota smési indikatoru a krve distalné v koronarni
tepné

T, = teplota krve

T, = teplota FR v misté vstupu do koronarni tepny
(tj. proximalné)

Pokud T, ur¢ime jako vychozi (,nulovou®”) hodnotuy,
T,a T pak odpovidaji zménam teploty proti vychozi
hodnoté a vzorec mlzZzeme zjednodusit na:

Q=108 x (T/T) x Q,

Koronarni prutokova rezerva (CFR)

CFR predstavuje ndhradni ukazatel moznosti zvysit pro-
krveni myokardu a posuzuje jak epikardialni, tak mikro-
vaskularni kapacitu. Je definovana jako pomér maximal-
niho a klidového koronarniho pratoku. CFR tedy uvadi,
kolikrat Ize zvysit korondrni prdtok pri zatézi oproti kli-
du.®

Prdtok korondrni tepnou lze méfit pomoci intrakoro-
ndrniho vodice schopného detekce dopplerovského sig-
ndlu nebo pomoci intrakoronarni termodiluce. Obé me-
tody spolu dobre koreluji.

Hodnota CFR pod 2,5 ziskana a validovana intrako-
rondrni dopplerovskou sonografii je povazovana za pa-
tologickou s negativnimi prognostickymi daty, hrani¢ni
hodnota 2,0 je vice specifickd, ale méné senzitivni a zmi-
nuje se zejména pfi termodilu¢nich metodach (viz tabul-
ku 2).1.20

Koronarni rezistence

Index mikrocirkulaéni rezistence (IMR)

IMR je parametrem mikrocirkulace, ktery je ziskan bolu-
sovou termodiluci a nezdvisly na hemodynamice epikar-
didlnich cév. Inverzni hodnota stfedni doby pfenosu indi-
katoru krvi (T_ ) vyznamné koreluje s absolutnim pruto-
kem. IMR se ziska vydélenim distalniho korondarniho tlaku
(P,) inverzni hodnotou T__ (tzn. vyndsobenim T_), coZ je
ukazatel koronarniho prdtoku. Teoreticky je tento para-
metr nezavisly na epikardidlni anatomii, protoze distalni
tlak i pratok klesaji v pfipadé vyznamnych epikardialnich
koronarnich lézi. T musi byt ziskan ve stavu stabilni ma-
ximalni hyperemie (vétSinou kontinudlIni intravenézni in-

fuzi adenosinu, viz vyse), béhem niz je dosazeno minimal-
ni mikrovaskuldrni rezistence. Méreni IMR je zavislé na
vzdalenosti tepelného ¢idla od mista podani FR.>%

IMR vychazi z Ohmova zadkona, udava, Ze absolutni mi-
nimalni rezistence mikrocirkulace se rovna podilu tlak
diference v dané oblasti a hyperemického prutoku v této
oblasti:

=(P,-P)/Q
P, = tlak v distalni ¢asti koronarni tepny; P = Zilni
koronarni tlak
Protoze P, je zanedbatelny ve srovnanis P, a za
predpokladu, ze Q~1/T_, mGzeme pfedchazejici rovnici
zapsat jako:
R~P /17T, resp. IMR=P xT_

Je bezrozmerne cislo, ktere dobre odrazi skutecnou

re2|stenC| mikrocirkulace.

Klinicky vyznam

Normalni hodnoty IMR odvozené od méreni u zdravych je-
dinctl jsou < 25 (viz tabulku 2)." U pacientt s infarktem myo-
kardu s elevacemi useku ST (STEMI) [é¢enych pfimou per-
kutdnni koronarni intervenci (PCl) byly hodnoty IMR > 40
asociovany s rizikem mikrovaskuldrni obstrukce, velikosti in-
farktového loziska a kombinovanym ukazatelem kardiovas-
kularnich (KV) pfihod (zavaznych nezéddoucich KV pfihod,
MACE) béhem 30 dni po infarktu myokardu.” U pacientt
s chronickym korondrnim syndromem (CHKS) byly zvysené
hodnoty IMR pfed i po PCl asociovany s vyssim vyskytem
postprocedurdlniho poskozeni myokardu. U pacientt s an-
giograficky hrani¢nim postizenim a s FFR > 0,80 byly nizka
hodnota CFR a zvysend IMR asociovany s vyssim vyskytem
KV pfihod.” Farmakoterapie u pacientt s ANOCA Fizena po-
dle vysledku vysetieni mikrocirkulace vedla k vyznamnému
symptomatickému efektu ve studii CORMICA.”#

Vyznam hodnot IMR 25-40 je méné prozkouman, pfi
jejich posuzovani je tieba zohlednit klinicky stav pacienta
a vyloucit moznost nepresného méreni.'”.2

IMR ma lepsi reprodukovatelnost nez CFR, protoze
neni vyznamné ovliviiovdn hemodynamickymi vykyvy
v zavislosti na srde¢ni frekvenci, krevnim tlaku a kontrak-
tilité.°

Absolutni hodnota rezistence (R)

Hodnota uréena z pritoku zjisténého kontinudlni termo-
diluci. Opét vychdzi z Ohmova zdkona, muze byt vypo-

Tabulka 2 - Invazivni parametry pouzivané u ANOCA

Zkratka Parametr Metoda méreni Patologie Vypocet
Dopplerovské monitorovani:
CFR Koronarni pritokova rezerva Intralkoron‘:arr,u dopple_r D <2,0-2,5 APV, e/ APV
monitorovani, termodiluce Bolus. fermodiluce: Tmnkhd/Tnm‘yper
Kont. termodiluce: Qe Qs
IMR Index mikrocirkulacni rezistence Bolusova termodiluce >25 P,xT_ pfi hyperemu
MRR Rezerva mikrovaskularni rezistence  Kontinualni termodiluce <21 (CFRIFFR) x (P ak'"‘ ﬂhig’e'
(thper/ leld) % ( aklid dhyper
ik Absolutni rezistence KontinuaIni termodiluce > 500 Wj P,/Q

APV - average peak velocity; CFR - koronarni priitokova rezerva; FFR - frakéni pritokova rezerva; IMR —
MRR - rezerva mikrovaskularni rezistence; P, - distalni tlak; Q - pritok; P_-
Woodovy jednotky. Upraveno dle Smilowitz et al., 2023.3

time, Wj -

index mikrocirkula¢ni rezistence;

aortalni tlak; R, - absolutni rezistence; T_ - mean transit

7" “mikro
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Obr. 4 - Méfeni kontinuélni termodiluci po zjednoduseni dopoctenim T,. FFR - frakéni pratokova rezerva; FR - fyzio-
logicky roztok; P_ - aortélni tlak; P, - distaIni tlak; Q - pratok; Q, - pritok infuze; T - teplota zméFena v distalni casti;

T, - teplota infuze.

¢tena pro dané teritorium (R ), pro zvoleny epikardialni
segment (Repi) nebo pro zvolenou oblast mikrocirkulace
(R ; mikrovaskularni rezistence):
Rtot = Pa/ Q
P_= stfedni aortalni tlak na Spicce zavadéciho katétru
Repi = (Pa_ Pd) / Q
P, = stfedni tlak v distalni ¢asti koronarni tepny
Rp =P,/ Q

Mikrovaskuldrni rezistence charakterizuje rezisten-
ci oblasti myokardu v povodi mérené korondrni tepny
distalné od Spicky infuzniho katétru.

Klinicky vyznam
Na rozdil od IMR hodnoty absolutni rezistence urcené
kontinualni termodiluci nebyly dosud klinicky validovany
u pacientt s ANOCA. Referen¢ni hodnoty Q a R byly stu-
dovéany u jedinct bez aterosklerézy, kde celkovy hypere-
micky prutok srdcem byl stanoven na 670 ml/min a celko-
va rezistence R, 160 WU. Byla v3ak zaznamenana velka
variabilita v hodnotach Q a R mezi pacienty.?°

Normalni hodnoty absolutni rezistence v RIA jsou do
400 WU (viz tabulku 2).'82!

Rezerva mikrovaskularni rezistence (MRR)

| kdyZz je méreni absolutniho hyperemického pruatoku
a rezistence pomoci kontinudlni termodiluce presné, je
zatizeno vyznamnou interindividualni variabilitou, coz
znesnadnuje klinické vyuziti téchto parametrd, pokud
nejsou tyto hodnoty vztazeny na masu myokardu perfun-
dovaného teritoria (viz vyse).?

IdedIni parametr, jenZ popisuje funkci mikrocirkulace,
by mél byt specificky pro mikrocirkulaci, mél by byt ne-
zavisly na operatérovi, na autoregulaci, na epikardialni
rezistenci, na mase myokardu a mél by byt odvozen od
absolutnich hodnot pratoku a rezistence.

Rezerva mikrovaskularni rezistence (MRR) je pomér
Jskutecné” klidové rezistence ku hyperemické (Rp,klid /
R, hyper)- Udava, kolikrat se maze klidova R snizit v hypo-
tetické situaci zcela normalni epikardialni koronarni arte-
rie (analogie k FFR). Je tfeba si uvédomit, Ze klidova R, je
ovliviiovana pfitomnosti epikardialni stendzy. Epikardial-
ni stendza zplsobuje kompenzatorni mikrovaskularni va-
zodilataci na podkladé autoregulace. V takovém pfipadé
namérena hodnota Ru neni ,,skute¢nou” klidovou Rp, ale
snizenou diky kompenzatorni vazodilataci. Skutecna R
mUze byt namérena pouze u ,normdalni”, tj. nepostizené
koronarni arterie.?

Pfi normdlni nebo minimdlné postizené epikardialni
tepné (FFR blizko 1) jsou hodnoty MRR a CFR podobné.
S rostouci epikardialni rezistenci (FFR < 1) se MRR zacina od
CFR (CFR klesa) lisit v zavislosti na hodnoté FFR. Tato sku-
tecnost udava nezavislost MRR na epikardialni rezistenci.??

MRR je tedy nezdvisld na epikardialni rezistenci, coz
svédci o specificité tohoto parametru pro mikrovaskula-
turu (pfi absenci vyznamné epikardialni nemoci se MRR
a CFR rovnaji). Pfi pfitomnosti epikardidlniho postiZzeni
dochazi k aktivaci autoregula¢nich mechanismd a namé-
fena klidova R jiz neodpovida (je mensi) skutecné R , jaka
by byla pfi nepostizené epikardidlni tepné. MRR tedy od-
povida CFR po zohlednéni FFR (jedna se o mikrocirkula¢ni
dusledek FFR), a je nezavisla na mase myokardu.??

MRR = (CFR / FFR) x (P_ .,/ P_, ..)

(P, sia ! P yper 5€ U kontinuani termodiluce pomoci FR rov-
na 1, coz neplati u hyperemie navozené adenosinem, kde
mUze byt rozdil i 10-30 %.)

Klinicky vyznam
Pfi méreni kontinudlni termodiluci hodnota MRR > 2,7

prakticky vylucuje pfitomnost CMD, zatimco hodnota MRR
< 2,1 jeji pfitomnost potvrzuje (viz tabulku 2 a obr. 3).%!
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Zjednoduseni metody kontinualni termodiluce

Recentné bylo popsano a validovano daldi vyznamné zjed-
noduseni a zrychleni této metody spocivajici v odvozeni
vstupni teploty T, vypoctem ze zméfenych hodnot, tudiz
bez nutnosti posunuti tlakové-teplotniho cidla zpét do
katétru RayFlow (viz obr. 4). Toto vede prakticky k elimi-
naci vlivu operatéra na méreni, a ¢ini tak z tohoto postu-
pu diagnostiky CMD nejméné zdvislou na operatérovi.?’

Validovany vzorec k vypoctu T;:
T,=0,98*T - 0,28*Q, + 0,90

Porovnani bolusové a kontinualni termodiluce

Nékolik studii se zaméfilo na pfimé porovnani bolusové
a kontinudlIni termodiluce v ramci diagnostiky CMD.

Jansen a spol. ukdzali, Ze CFR odvozena bolusovou
termodiluci byla vy3si nez absolutné zméfena pomoci
kontinudlni termodiluce (2,6 + 1,0 versus 3,5 + 1,8; p <
0,001) a Ze spolu jen stfedné silné korelovaly. Absolutné
zmérenad MRR kontinudlIni termodiluci byla také nizsi nez
vypoctena z bolusové metody (3,1 = 1,1 versus 4,2 £ 2,5; p
< 0,001) se slabou korelaci. Navic CFR ani MRR odvozené
bolusovou termodiluci nekorelovaly s anginou a kvalitou
zivota, kdezto absolutni CFR a MRR kontinualni metodou
korelovaly s obéma parametry silné.?!

Gallinoro a spol. se zabyvali reproducibilitou bolusové
vs. kontinudlnitermodiluce. Celkem 102 pacientti s ANOCA
bylo vysetfeno pomoci obou metod v rdmci jednoho seze-
ni, randomizované k jedné z metod jako prvni, nasledo-
vané druhou. Jejich vysledky potvrdily predchozi zjisténi,
a to nizsi absolutné zmérenou CFR kontinudlni metodou
oproti odvozenému bolusovou metodou (2,63 = 0,65 vs.
3,29 + 1,17; p < 0,001), bolusovd CFR zaroven prokazala
vyrazné vyssi variabilitu méreni Cili nizsi reproducibilitu
(variabilita: 31,26 = 24,85% bolus vs. 12,7 + 10,4 % kon-
tinualni; p < 0,001). MRR mérena kontinualni termodiluci
byla vice reproducibilni nez IMR z bolusové termodiluce
(variabilita 12,4 + 10,1% kontinualni vs. 24,2 + 19,3% bo-
lus; p < 0,001) a hodnoty MRR a IMR spolu zcela nekore-
lovaly.?82°

V subanalyze studie EDIT-CMD s opakovanym termo-
dilu¢nim mérenim Jansen a spol. také prokazali vyssi re-
producibilitu absolutnich méreni CFR a MRR kontinualni
termodiluci oproti CFR a IMR odvozenym bolusovou me-
todou.*®

Pokud jde o praktické rozdily pfi provadéni bolusové
a kontinudlni termodiluce, je dllezité vyzdvihnout rych-
lost a jednoduchost kontinualniho méreni, témér dplnou
nezdvislost na operatérovi a zejména pohodlnost a pfi-
jemnost pro pacienta bez nutnosti kontinudlniho poda-
vani intravenézniho adenosinu. Naopak z technického
hlediska je nutné mit pro kontinualni termodiluci k dis-
pozici specificky katétr RayFlow a infuzni pumpu schop-
nou prepinat mezi 10 a 20 ml/min — napf. Medrad Mark 7
Arterion (Bayer, Leverkusen, Némecko).

Zavér

Nemocni s anginou pectoris a s normalnim koronarnim
nalezem nebo s nalezem hemodynamicky nevyznamné
ateromatézy na korondrni angiografii tvofi vyznamnou

Cast vySetfenych pacientd. V soucasné dobé nelze bez
invazivniho vysetfeni urcit pfesnou pficinu obtizi a po-
dle prevladajici patofyziologie nastavit optimalni lécbu
¢i naopak vyloucit kardidlni plvod obtizi. Pro zarazeni
invazivniho komplexniho vysetfeni koronarni fyziologie
je klicova jeho jednoduchost a dobra reprodukovatelnost
minimalné zavisla na operatérovi. PFimé méreni koronar-
niho prdtoku a mikrocirkula¢ni rezistence pomoci konti-
nudlni termodiluce nabizi metodu, ktera by mohla napo-
moci standardizaci provadéni evaluace mikrovaskuldrni
dysfunkce v rutinni praxi.

Prohlaseni autorti o mozném stretu zajmu
Zadny stret zajma.

Financovani

Prace byla podpofena Ministerstvem zdravotnictvi Ceské
republiky — podpora vyvoje vyzkumnych organizaci, Fa-
kultni nemocnice v Motole, Praha, Ceska republika, ¢islo
00064203.

Prohlaseni autorti o etickych aspektech publikace
Prace byla vedena v souladu s Helsinskou deklaraci.
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Poruchy srdecniho rytmu jsou velmi ¢astym projevem transthyretinové srde¢ni amyloidézy. Piehledovy ¢la-
nek se zabyva mechanismy, které vedou ke vzniku fibrilace sini, pfevodnich poruch srde¢nich a komorovych
tachykardii, jejich incidenci a prevalenci. Je zaméfen na moznosti vyuziti externich a implantabilnich moni-
torovacich zafizeni v detekci arytmii. Shrnuje moderni moznosti v terapii s dlirazem na radiofrekvencni ka-
tetrizacni ablaci a vyuziti pfimych peroralnich antikoagulancii u pacientt s fibrilaci a flutterem sini. Zminéna
jsou Uskali pristrojové terapie bradykardii a prevence nahlé srdec¢ni smrti.
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ABSTRACT

Arrhythmias are a very common manifestation of transthyretin cardiac amyloidosis. The review article fo-
cuses on the mechanisms that lead to the development of atrial fibrillation, cardiac conduction disorders,
and ventricular arrhythmias, as well as their incidence and prevalence. It emphasizes the possibilities of using
external and implantable monitoring devices in the detection of arrhythmias. It summarizes modern thera-
peutic approaches with particular attention to radiofrequency catheter ablation and the use of direct oral
anticoagulants in atrial fibrillation and flutter. It mentions the challenges of cardiac pacing and prevention
of sudden cardiac death.

Uvod

Fibrilace sini, flutter sini a sinova tachykardie

Transthyretinova amyloidéza (TTR-amyloidéza) je zis-
kané ¢i hereditarni onemocnéni vznikajici v dasledku
akumulace transthyretinovych amyloidnich fibril. Na-
sledkem ukladani téchto patologickych komponent
v myokardu vznikd kardiomyopatie zpUsobend trans-
thyretinovou amyloidézou (ATTR-CM), kterd se u po-
stizenych jedinct casto manifestuje ve formé srdecni-
ho selhani. V ¢asnych fazich choroby se jedna o srdecni
selhani se zachovanou ejek¢ni frakci levé komory. Ob-
vyklé jsou rovnéz prevodni poruchy, siriové i komorové
arytmie (obr. 1).'2

Prevalence fibrilace sini se pohybuje okolo 40-76 % u pa-
cientll se ziskanou srdecni wild-type TTR-amyloidézou
(WtATTR-CM), a predstavuje tak nejbéznéji detekovanou
arytmii v této kohorté (obr. 1).>°> U pacientu s hereditarni
formou amyloidové kardiomyopatie (MATTR-CM), ktera
vznikd na podkladé depozice mutovaného transthyreti-
nu, zjistovana prevalence fibrilace sini Siroce kolisa mezi
11-54 %.*> Diagndza fibrilace sini predchazi potvrzeni
amyloidové kardiomyopatie az ve 33 % pripadu (obr. 2).4

Predpokladaji se multifaktoridlni vlivy vyvolavajici vznik
arytmie.* Kromé mechanismU uplatrujicich se pfi srde¢nim
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80 75 % Detekce fibrilace sini ve vztahu k diagnéze ATTR-CM
70
60 B Podil pacientd
50 44 % s diagnostikovanou fibrilaci
sini pred stanovenim diagndzy

40 ATTR-CM
30 25 9% B Fibrilace sini B Podil pacientl s primarné

B Prevodni poruchy diagnostikovanou ATTR-CM pred
20 vyzadujici implantaci detekdi fibrilace sini

kardiostimulatoru B Podil pacientl bez zachytu
10 M Nesetrvalé komorové fibrilace sini
0 tachykardie

Obr. 1 - Graf znazornujici prevalenci jednotlivych typd arytmii u pa-
cientt s transthyretinovou srdecni amyloidézou.

selhani a tézsich poruchach diastolické funkce se na ném
mohou podilet i specifické faktory v disledku ukladani
amyloidu v sinich.” Kombinuje se tedy zifejmé jak pUsobe-
ni zvy3eného plniciho tlaku a nasledna dilatace levé sinég,
tak sekundarni strukturdlni remodelace z depozice amy-
loidu (obr. 3).°

Fibrilace sini je asociovana s vyssim stupném diastolické
dysfunkce, nezda se vsak byt asociovana se zvysenou mor-
talitou ve skupiné pacientt s TTR-amyloidézou.>® Ztrata
sinového prispévku pfi plnéni komor pfi diastolické dys-
funkci a tachykardie ¢asto vedou ke zhorseni hemodyna-
mické situace, dekompenzaci srde¢niho selhani az kar-
diogennimu Soku. Udrzeni srde¢niho vydeje je u téchto
pacientl znacné zavislé na srdecni frekvenci.®°

Pacienti s ATTR-CM jsou ohrozeni vznikem intra-
kardialni trombdzy i pfi sinusovém rytmu." ATTR-CM
predstavuje prediktor vzniku tromboembolismu neza-
visle na skére CHA DS, VA (C - kardialni selhani, H — hy-
pertenze, A, — vék 75 let a vice, D — diabetes mellitus,

Implantace kardiostimulatoru ve vztahu k diagnéze ATTR-CM

B Podil pacientl s diagnézou
ATTR-CM nevyzadujicich
implantaci kardiostimulatoru

B Podil pacientl s implantaci
kardiostimulatoru po stanoveni
diagnézy ATTR-CM

B Podil pacient(i s implantovanym
kardiostimulatorem pred
stanovenim diagnézy ATTR-CM

Obr. 2 - Graf znazornujici podil pacientti s primarni detekci fibrilace
sini ve vztahu k diagnostice transthyretinové srdecni amyloidézy
a podil pacientt s primarni implantaci kardiostimulatoru ve vztahu
k diagnostice transthyretinové srdecni amyloidézy.

S, — tranzitorni ischemicka ataka/cévni mozkova ptiho-
da, V - vaskularni onemocnéni, A — vék 65-74 let), kon-
centraci kreatininu v séru a indexovaném objemu levé
siné."”?Bez ohledu na ostatni rizikové faktory je tedy an-
tikoagulace pfi fibrilaci sini silné doporucena, protoze

retinova srdecni amyloid6za

\

Srdecni selhani se zachovanou
ejekeni frakci

Diastolicka dysfunkce se
zvysenim plnicich tlakd
a dilataci levé siné

Mechanismy vedouci ke vzniku fibrilace sini

Ukladani amyloidu v sinich

Sekundarni strukturalni
remodelace a dilatace
levé siné

\

\

Fibrilace sini

Obr. 3 - Schematické znazornéni hlavnich faktort vedoucich ke vzniku fibrilace sini u pacientd

s transthyretinovou srdecni amyloidézou.
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arytmie pfinasi dalsi zvyseni rizika tromboembolismu
u ATTR-CM. 314

Detekce fibrilace sini pfedchazi diagnéze amyloidové
kardiomyopatie az v jedné tretiné pfipadd, u ostatnich
pacientl je nutné po arytmii cilené patrat (obr. 2). V tom-
to ohledu muze byt pfinosny nejen EKG screening béhem
pravidelnych klinickych kontrol, ale také nékteré z metod
umoznujicich dlouhodobé sledovani srde¢niho rytmu jak
u symptomatickych, tak i zcela asymptomatickych pacien-
tG. Bruce a spol. prokazali na mensim vzorku 38 pacientt
s ATTR-CM pfinos dvoutydenni vzdalené externi ,,patch”
monitorace. Skupina pacientt s ATTR-CM méla vyssi za-
chyt fibrilace a flutteru sini ve srovndani s pacienty v kont-
rolni skupiné (26,3 % vs. 5,3 %)."

Dale a spol. prezentovali observac¢ni studii, do niz bylo
zafazeno 84 pacientd s ATTR-CM. Fibrilaci sini mélo 73 %
ze sledované kohorty. U 34 % nemocnych byly fibrilace
¢i flutter sini diagnostikovany nové po dfive potvrzené
ATTR-CM, u vice nez poloviny z téchto nové diagnostiko-
vanych byla arytmie zjisténa diky pravidelnému monito-
rovacimu programu. Tento program zahrnoval kontroly
srdecnich implantabilnich elektronickych zafizeni (CIED)
kazdych Sest mésici u pacientld s implantovanym CIED
nebo cilenou ambulantni monitoraci v Sestimési¢nich in-
tervalech. U vétSiny pacientd s prokazanou arytmii byla
zahajena antikoagulacni terapie.'®

Znacny podil pacientt s ATTR-CM a zdanlivé trvajicim
sinusovym rytmem tedy muUze mit silentni paroxysmalni
fibrilaci sini. Pfinos implantabilnich smyckovych zaznam-
nikd (ILR) u ATTR-CM je jesté méné zmapovan nez vyuziti
externich zarizeni (obr. 4). Abbasi a spol. prezentovali ma-
lou pilotni studii zahrnujici 24 pacient’ s wtATTR-CM, kte-
fi podstoupili Sestimési¢ni monitoraci pomoci ILR Biotro-
nik Biomonitor 3, 18 z nich mélo anamnézu fibrilace sini.
U deseti pacientt byla zaznamendna porucha srdec¢niho
rytmu, sinova fibrilace pak u deviti, u sedmi symptomatic-

Obr. 4 - (A) Implantabilni Biomonitor nejnovéjsi generace vyuzitel-
ny k detekci arytmii u pacientt s transthyretinovou srde¢ni amy-
loidézou. (B) Implantovany Biomonitor v pfedozadni rentgenové
projekci. (C) Implantace Biomonitoru. Fotografie z archivu MUDr.
Maridna Fedorca, Ph.D., . interni klinika - kardiologicka, Fakultni
nemocnice Olomouc.

kd, pouze u dvou viak s novym zacatkem a asymptomatic-
kd. U asymptotickych pacientl s primodiagnézou siriové
fibrilace byla vzhledem k dfive prodélané cévni mozkové
pifihodé zahdjena antikoagulacni terapie."”

Terapie sifové fibrilace predstavuje u ATTR-CM rovnéz
vyzvu. Zatimco strategie kontroly frekvence je castéji vo-
lenou strategii, nemusi byt tolerovana az u 80 % pacien-
t0."® Snizeni srde¢ni frekvence navozené betablokatory,
blokatory kalciovych kandll ¢i digoxinem muze vést ke
snizeni srde¢niho vydeje, ktery je u téchto pacientu kritic-
ky zavisly na udrzeni dostatecné tepové frekvence. Tyto
Iéky je tedy mozné pouzit s opatrnosti.®

Vysledky starsich studii naznacovaly, Ze strategie kon-
troly rytmu je U¢innd jen u mensiny takto lé¢enych, maze
byt efektivnéjsi v pocatecnich fazich choroby, a to at uz
se jedna o farmakologickou kontrolu rytmu, elektrickou
kardioverzi, ¢i radiofrekven¢ni katetriza¢ni ablaci.*'8"
Recentné prezentovali Kanazawa a spol. retrospektivni
observacni studii zahrnujici 233 pacientd s wtATTR-CM,
z nichz 159 mélo sifiovou fibrilaci, flutter ¢i sifovou ta-
chykardii. U 42 pacientd byla provedena radiofrekvencni
ablace pro siriovou fibrilaci, u 33 pro flutter sini — s pro-
kdzanym makroreentry a u 18 pro sifiovou tachykardii
s fokdInim zdrojem. Po jednom roce bylo bez rekurence
arytmie 70,1 % pacientd, po dvou letech 57,6 % a po péti
letech 44 %, a to i po opakovanych reablacich. Celkova
mortalita, mortalita z kardiovaskularnich pfic¢in a hospi-
talizace pro srdecni selhani byly procedurou nejpfiznivéji
ovlivnény u nemocnych s arytmii, ktefi byli symptomaticti
a méli exacerbace srde¢niho selhdni. Katetriza¢ni ablace
by tedy mohla zlepsit prognézu a snizit hospitalizace pro
srdecni selhani pravé u téchto jedincd. Velmi nizkou efek-
tivitu vsak méla ve skupiné s komplexnim flutterem sini,
nezavislym na kavotrikuspidalnim istmu, a u multifokal-
ni sinové tachykardie vznikajici mimo atrioventrikularni
anulus nebo crista terminalis."

Radiofrekvencni ablace tedy predstavuje metodu kont-
roly rytmu s pfijatelnym rizikem periproceduralnich kom-
plikaci, kterd muze u dobre vybranych pacientl sniZzovat
mortalitu a hospitalizace pro srde¢ni selhdni.'®-2!

Antikoagulacni terapie je v pfipadé ATTR-CM a fib-
rilace sini indikovana nezavisle na skére CHA DS,VA.2
Toto stratifika¢ni skore neidentifikuje sprdvné pacienty
ve zvyseném riziku tromboembolismu, at uz jde o jedince
s ATTR-CM s fibrilaci sini, nebo se sinusovym rytmem.?

V neddvné metaanalyze zahrnuijici ¢tyfi studie se pro-
kazal nizsi vyskyt trombotickych pfihod a zadny rozdil,
pouze nesignifikantni trend ke sniZzeni velkych krvaceni
pfi srovnani pacientl lé¢enych pfimymi peroralnimi an-
tikoagulancii (DOAC) a antagonisty vitaminu K (VKA).
Vzhledem k Uskali, kterd prinasi terapie warfarinem, mo-
hou byt DOAC optimalnéjsi volbou v antikoagulacni stra-
tegii téchto nemocnych.?

Pfevodni poruchy

Ukladani amyloidu do intersticidlniho prostoru myokardu
vede k dezorganizaci srde¢ni tkdné s narusenim preno-
su elektrickych impulst prevodnim srdecnim systémem.
Svou roli hraje pravdépodobné také cytotoxicita a casna
sympatickd srde¢ni denervace.?>%
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V dobé stanoveni diagnézy wtATTR-CM muze mit
prevodni poruchu s nutnosti predchozi implantace kar-
diostimulatoru 10-13 % pacientl a u dalSich az 12 % se
tato prevodni porucha vyvine v priibéhu dalsiho sledova-
ni (obr. 1, 2).22 Implantace kardiostimulatoru je spojena
s nutnosti volby optimalniho stimula¢niho rezimu. Pro-
grese prevodni poruchy v pribéhu casu vede k vyssimu
procentu pravokomorové stimulace, kterd je u pacientt
s ATTR-CM spojena se zhorsenim ve tfidé NYHA (New
York Heart Association), zhorSenim zavaznosti mitralni
regurgitace a poklesem ejekéni frakce levé komory.303!
Naopak biventrikuldrni stimulace je spojena se zlepsenim
ve tfidé NYHA, mitralni regurgitace i vzestupem ejekéni
frakce levé komory, a méla by tedy byt zvaZzena pfi nut-
nosti stimulace z bradykardické indikace.3"3?

Ve studii Abbasiho a spol. byla prevodni porucha po-
moci ILR detekovana u ¢tyf z 24 pacientl, pouze tfi vy-
kazovali symptomy béhem ataky arytmie (Unava, toceni
hlavy, synkopa), tfi byli [é¢eni implantaci dvoudutinového
kardiostimuldtoru (PM), jeden pak vzhledem ke snizené
ejekéni frakci a zachytu asymptomatické kompletni atrio-
ventrikularni (AV) blokady pomoci srdecni resynchroni-
zacni 1écby PM (CRT-PM). Implantace ILR by tedy mohla
byt vyhodnd jak u asymptomatickych pacientl, tak pfi
nutnosti korelace symptoma a arytmie (obr. 4)."7

Komorové arytmie

Prevalence setrvalych komorovych arytmii u ATTR-CM
a zejména vyznam implantace implantabilniho kardio-
verteru-defibrilatoru (ICD) v prevenci nahlé srdecni smrti
zUstavaji predmétem diskusi. V observacni studii 30 pa-
cientl s familidrni amyloidovou polyneuropatii s mutaci
Val30Met byla prokazana incidence komorovych tachy-
kardii 17 % na zakladé 24hodinové holterovské monito-
race.® Knoll a spol. prezentovali studii, jez zahrnula 72
pacientd s wtATTR-CM, u kterych byla provedena 24hodi-
nova holterovska monitorace EKG. Alespon jedna epizo-
da nesetrvalé komorové tachykardie byla zaznamenana
u 44 % sledovanych (obr. 1). U zddného pacienta pak ne-
byla potvrzena setrvald komorova tachykardie.?* Naopak
ve studii Browna a spol. byla setrvald komorova tachykar-
die zaznamendna v 5 % pfipadl a komorova fibrilace ve
2 %.3°V jiz zminované studii Abbasiho a spol. byla komo-
rova tachykardie manifestujici se ndmahovou synkopou
detekovana u jednoho z 24 pacientd s implantovanym
ILR, u kterého byla nasledné provedena implantace jed-
nodutinového ICD (1D-ICD)."”

Prozatim nebyl prokdzan priznivy mortalitni efekt
1D-ICD implantovaného z primdrnépreventivni indikace
u pacientd s ATTR-CM a sniZzenou EF LK.3>-3 Adekvatni te-
rapie ICD mohou nastat ve 25-75 % pripad(.>>3® Naproti
tomu inadekvatni terapie je provadéna az ve 26 % pfipa-
du.”3® Pficina umrti je v této skupiné pacientd vétsinou
nearytmicka, zpUsobend progresi chronického srdecni-
ho selhani.*® Implantace ICD v primdrni prevenci by tedy
mohla byt smysluplnd u selektované skupiny pacient(
a u pacientu s jiz dfive prokdzanou maligni komorovou
arytmii. Prediktory zvyseného rizika nahlé srde¢ni smrti
u ATTR-CM je potifeba dale analyzovat.*®3°* Hamon a spol.
nezjistili ve studii se 45 pacienty se srdecni amyloidé-

zou zadné klinické, biochemické ¢i echokardiografické
prediktory komorovych arytmii. Zaznamenan byl trend
k vyssi incidenci komorovych arytmii u pacientl s lepsim
dvourozmérnym globdlnim longitudindlnim strainem.
To by mohlo naznacovat vyssi riziko komorovych arytmii
u méné pokrocilého srdecniho postizeni.*

Zavér

Zavérem lze fici, Zze detekce a terapie arytmii u pacientt
s ATTR-CM zUstava oblasti ne zcela zmapovanou. Limitaci
dosavadnich studii jsou zejména retrospektivni charak-
ter a malé a heterogenni populace pacientd, jez zahrnuji
jak pacienty s wtATTR-CM, tak s mATTR-CM, ¢i dokonce
s amyloidozou z depozice lehkych fetézct (AL-amyloido-
zou). S ohledem na dostupnost specifické [écby tafamidi-
sem, kterd redukuje celkovou mortalitu, pocet hospita-
lizaci z kardiovaskularnich pfi¢in a zlepsuje dlouhodobé
preziti u pacientl s ATTR-CM, bude nutno incidenci a pre-
valenci arytmii i vyskyt nadhlé srde¢ni smrti v této populaci
dale sledovat.*'* Zatim se zd4, Ze by terapie tafamidisem
mohla sniZzovat incidenci fibrilace sini u ATTR-CM. Zapo-
tfebi jsou ale dalsi, zejména prospektivni studie.*
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Article history: Kontext: Spontanni disekce koronarni tepny (spontaneous coronary artery dissection, SCAD) predstavuje
Submitted: 2. 8. 2024 unikatni medicinskou vyzvu vzhledem k nutnosti rychle stanovit diagnézu a zahdjit 1é¢bu; vyzaduje pfitom
Accepted: 11. 10. 2024 velmi dobrou znalost zdkladnich mechanismd. Cilem tohoto systematického prehledového ¢lldnku je nabid-
Available online: 11. 2. 2025 nout komplexni prehled pfipadd SCAD u pacientl s diagn6zou onemocnéni covid-19.

Metody: Dne 3. ervna 2023 jsme provedli systematicky prehled ¢lankd v databazich véetné PubMed, Science-
Direct a Cochrane. Do piehledu jsme zahrnuli pfipady SCAD u pacientt s onemocnénim covid-19, v nichz byly
uvedeny udaje jednotlivych pacientd.

Klicova slova:

Covid-19
Diagnéza Vysledky: Studie analyzovala 12 kazuistik; u vSech pacientd byla potvrzena diagnéza onemocnéni covid-19,
Lécba byli ve véku s medidnem 49 let, jednalo se prevazné o zeny (58,3 %). Vétsina pacientll vykazovala klasic-

ké symptomy onemocnéni covid-19 (66,7 %), pficemzZ tézké projevy byly pozorovany u pacientek s tého-
tenstvim v anamnéze. Casto byly zaznamenény vysoké hodnoty troponinii (83,3 %) stejné jako zmény na
EKG zédznamu, hlavné abnormality v Useku ST a vIné T. Hlavnim diagnostickym nastrojem byla koronagrafie
(91,7 %), pficemz necastéjsim mistem disekce byla piedni sestupna vétev levé véncité tepny (50 %). Ve Cty-
fech pfipadech byla zji§téna snizena ejekéni frakce levé komory, ale po lécbé nebyly zaznamenany zadné
kardiovaskularni komplikace.

Zavér: Tato studie popisuje charakteristiky SCAD u pacientt s infekénim onemocnénim covid-19; zaroven
byly pozorovany vhodné diagnostické postupy a lécebné strategie.

Spontanni disekce koronarni tepny

ABSTRACT

Background: Spontaneous coronary artery dissection (SCAD) presents a unique challenge due to its prompt
diagnosis and treatment requirements, demanding an in-depth understanding of its underlying mechanis-
ms. This systematic review aims to provide a comprehensive summary of the SCAD cases in patients diagno-
sed with COVID-19.

Methods: We performed a systematic search across databases, including PubMed, ScienceDirect, and Cochra-
ne, on June 3, 2023. We included reported cases of SCAD in COVID-19 patients that described individual
patient data.

Results: The study analyzed 12 case reports, revealing that all patients were confirmed COVID-19 cases with
a median age of 49, predominantly female (58.3%). Most exhibited classic COVID-19 symptoms (66.7%),
with severe presentations observed in those with a pregnancy history. High HS troponin levels were com-

Keywords: mon (83.3%), as were ECG changes, namely ST and T abnormality. Coronary angiography was the primary
COVID-19 diagnostic tool (91.7%), with the left anterior descending artery (LAD) being the most common site of
Diagnosis dissection (50%). Four cases had reduced ejection fraction, but no cardiovascular complications occurred
Spontaneous coronary artery post-management.

dissection This study elaborates on the characteristics of SCAD in COVID-19 patients, and appropriate modalities and
Treatment treatments were observed.
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Background

In late 2019, coronavirus disease (COVID-19) emerged,
presenting numerous challenges to global healthcare
systems. While the primary respiratory symptoms of re-
spiratory infection caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) are well-documented,
increasing evidence suggests that the virus can affect mul-
tiple organ systems, including the cardiovascular system.
Spontaneous coronary artery dissection (SCAD) as a rare
but emerging complication and potentially life-threate-
ning condition has garnered attention. SCAD is defined
as a nontraumatic separation of the layers of the coro-
nary artery wall by intramural hemorrhage, generating
restricted blood flow to the heart muscle.' This condition
primarily affects young women without traditional coro-
nary artery disease risk factors.?2 COVID-19-related SCAD
presents a unique clinical challenge, as it requires prompt
diagnosis and treatment and necessitates a comprehen-
sive understanding of the underlying pathophysiological
mechanisms. In COVID-19 patients, SCAD develops from
the interaction between the pro-inflammatory state in-
duced by the viral infection, the direct endothelial injury,
and potential hypercoagulability related to COVID-19.
A systematic review of case reports is crucial to gain fur-
ther insights into the relationship between COVID-19 and
SCAD. This systematic review aims to provide an exhaus-
tive summary of the reported cases of SCAD in patients
diagnosed with COVID-19. Consolidating the available
evidence will contribute to the growing knowledge su-
rrounding this unique cardiovascular complication. The
findings may help clinicians recognize and manage SCAD
promptly in COVID-19 patients, improving outcomes and
potentially saving lives.

Methods

The present review adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) guideline for 2020%. Ethical approval was not requi-
red since no patients were directly involved in this study,
and only published data were utilized.

Eligibility criteria

We systematically searched for SCAD case reports in pati-
ents with COVID-19, focusing on individual patient data.
SCAD is defined as an emergency condition characterized
by a tear in the wall of a coronary artery. Studies repor-
ting SCAD in patients without COVID-19 were excluded.
Additionally, studies involving animals as subjects, those
not available in full text, and those written in languages
other than English were also excluded. Duplicate articles
were resolved before the title and abstract screening.

Search strategy and study selection

Systematic studies were retrieved from PubMed, Science-
Direct, and Cochrane on June 3, 2023. A manual or bib-
liography search was conducted to ensure comprehensive
coverage of sporadic cases. The keywords used for the
search included “spontaneous coronary artery dissection”
and “COVID-19". We independently screened titles and

abstracts of articles to identify potentially eligible studies,
followed by a full-text review. Any discrepancies during
the screening process were resolved through discussion
with senior authors.

Data extraction

We extracted the following information from the inclu-
ded studies: author, year of publication, country, age,
gender, presenting symptoms and signs, comorbidities
and medical history, predisposing factors, diagnostic ima-
ging, electrocardiogram (ECG) changes, high sensitivity
(HS) troponin I level, timing about COVID-19 infection
and severity, corticosteroid use, location of vessel dissecti-
on, ejection fraction, cardiac motion, management, com-
plications, and outcomes. A structured and standardized
form was meticulously used for data extraction. Any di-
sagreement observed during the extraction process was
resolved through discussion with senior authors.

Quality assessment

The risk of bias in the included studies was assessed using
the Joanna Briggs Institute (JBI) critical appraisal checklist
for case reports. The results were presented as a checklist
rather than an accumulated score.® In cases where there
were differing assessments or judgments during the qua-
lity assessment, these discrepancies were resolved throu-
gh thorough discussions involving senior authors.

Statistical analysis

A meta-analysis could not be performed because this
systematic review focuses on an extremely rare disease
based on published cases. Narrative synthesis was the pri-
mary data synthesis method used in this review. However,
quantitative analysis of extracted data was conducted
using descriptive statistics. Similar findings for variables,
such as clinical presentation, ECG findings, HS troponin
I level, location of vessel dissection, and mortality, were
grouped to assess their frequency. For instance, we com-
piled reported sites of vessel dissection, such as left ante-
rior descending artery (LAD), right coronary artery (RCA),
and left circumflex artery (LCx).

Results

Study selection

Out of the initial 388 records retrieved in the search, 155
were identified as duplicates and were consequently
excluded. After thoroughly screening titles and abstracts,
an additional 227 articles were excluded. Six published
articles were included in this systematic review following
this screening process, as determined through a compre-
hensive full-text assessment.'” The PRISMA flow diagram
visually presents the study’s selection process and the ra-
tionales for exclusion (Fig. 1).

Quality assessment

All included case reports were assessed using a JBI criti-
cal appraisal checklist for case reports. Upon summarizing
the critical appraisal checklist, it became evident that the
overall risk of bias in these case reports was generally low.
However, it's important to note that we did not establish
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Fig. 1 - PRISMA flow of study selection.

specific criteria for categorizing a study as having a low
risk of bias based solely on the total score obtained from
the checklist (supplementary file).

Study characteristics

This systematic review of published cases included 12 case
reports (Table 1).67°'® The year of published case reports
ranged from 2020 to 2022. Most published cases are from
America®'%1617.1% and Europe (5 cases each),®'>'> followed
by Asia (2 cases).”"

Clinical characteristics

The age of the patients ranged from 35 to 70 years, with
a median age of 49. The data on age distribution suggests
that SCAD in patients with COVID-19 is most common in
adults and the elderly, with no instances reported in pe-
diatric patients (Table 1). All cases were confirmed throu-
gh COVID-19 testing, with five male patients for every
seven female patients.

Cardiovascular symptoms, such as chest pain, palpita-
tion, and dyspnea, are present in all cases.®”*'® Classic
symptoms of COVID-19, such as shortness of breath, fever,
coughing, and anosmia, were found in 6 cases.®*'"-'31>One
case presented with a syncopal episode due to ventricular
fibrillation and required a defibrillation.'® The time when
SCAD symptoms appear varies. It can be at the same time
as the diagnosis of COVID-19 or weeks after recovering
from COVID-19. Five cases®'>'%17.1% were diagnosed with
COVID-19 on the same day as the SCAD diagnosis, and
two cases'>'> were diagnosed two days after the SCAD
diagnosis. Meanwhile, the other five cases®”'%'"1¢ have

a history of or have been hospitalized due to COVID-19,
varying from 7 days to 3 months post-COVID-19.

The comorbidities of the patients varied among the
cases. Five cases''31417 did not have special medical
terms, and five cases®’'>'519 had comorbidities or risk fac-
tors related to coronary artery disease, such as smoking,
overweight, hyperlipidemia, hypertension, diabetes, and
peripheral artery disease (PAD). There are two comorbidi-
ties related to pregnancy: pregnancy itself and postpar-
tum cardiomyopathy.®'® A history of corticosteroid use
was also reported in two cases,®' with one of them in
a case that had no risk factors for coronary artery disease
or comorbidities except being a woman.

The HS troponin | levels were elevated in most cases (9
out of 10) that underwent examination. At the same time,
there was no mention of HS troponin | levels in the other
2 cases."""” Abnormal ECG changes were consistently ob-
served in all cases reporting ECG examination results (11 of
12 cases), commonly presenting ST elevation and T inver-
sion (Table 1).67°-'41618 However, the study by Courand et
al. did not provide information on ECG examinations.

Coronary angiography is the most common primary
imaging modality to diagnose SCAD (11 of 12 cases), fol-
lowed by echocardiography,”13-1619 coronary magnetic
resonance (CMR),”" CT angiography,® and myocardial
perfusion imaging (MPI)."" The location of the vessel’s dis-
section is frequently found in the LAD (6 cases),®'%12-141°
followed by the RCA (4 cases)®'"'>'7 and LCx (2 cases).”'®
The echocardiographic examination that was carried out
showed that four patients experienced a decrease in the
ejection fraction below 50%.%'21619 Meanwhile, the most
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common abnormal heart wall movements were hypoki-
nesis (5 cases)'®'>'4¢ and akinesis (3 cases).”'>'* No com-
plications related to the heart and blood vessels were
found after management in all cases (Table 2).

A total of 5 cases underwent percutaneous coronary in-
tervention (PCl) as the main therapy,®®''2'7 and no cases
underwent coronary artery bypass graft (CABG). The re-
maining cases were administered conservative therapy
with drugs.”'%13-161% Most cases reported receiving dual-
antiplatelet therapy,®’1%-12141% and two cases received as-
pirin alone.>™ Anticoagulant therapy was also given in 4
cases®* ' as heparin or warfarin. Some cases also received
beta-blocker therapy, ACE inhibitors, and statins. Statins
are administered regardless of whether there is a history
of hyperlipidemia. Methylprednisolone was administered
in one case due to myocarditis as a late inflammatory se-
quela of COVID-19."® Due to an ejection fraction of 20%
with new onset global hypokinesis, the patient in that case
also received an impella device, which was then replaced
with veno-arterial extra corporeal membrane oxygenation
(VA-ECMO)."® Despite all the characteristics and therapy
provided, no cases experienced complications or mortality.

Discussion

Epidemiology and pathophysiology

Spontaneous coronary artery dissection, or SCAD, fre-
quently occurs in young females under 50. SCAD was also
reported in older and postmenopausal women and less
than 10 % to 15 % of cases in men.? In this study, women
younger than 50 have been reported by Kumar et al., Pe-
ttinato et al., Cannata et al., and Ahmad et al. Meanwhile,
Alemzadeh et al., Lewars et al., and Ali et al. have reported
SCAD cases in women older than 50. On the other hand,
SCAD in men was only reported by Kireev et al., Emren et
al., Albiero and Seresini, Gasso et al., and Corand et al.

Several studies have found that one of the risk factors
for SCAD is pregnancy (pregnancy-related spontaneous
coronary artery dissection or P-SCAD), and its incidence is
approximately 1.81 per 100,000 pregnancies.??2 P-SCAD
cases were found during pregnancy and three months
of the postpartum period, and the most common inci-
dences occur during the first month of the postpartum
period and in the first week of the postpartum period.?2%
Ahmad et al. reported atrial fibrillation in pregnancy as
a comorbidity in a 43-year-old woman suffering cardiac
arrest, whose ECG showed ventricular fibrillation and
cardiogenic shock. Lewars et al. reported a 51-year-old
woman with postpartum cardiomyopathy.

A tear of the tunica intima wall made blood enter and
separate the coronary artery wall’s layer, creating a false
lumen filled with intramural hematoma in the medial lay-
er. The external compression caused by the enlarging he-
matoma restricted coronary blood flow, which increased
the pressure of the false lumen, leading to coronary artery
insufficiency.?*?¢ Another hypothesis is intramural hema-
toma accumulation from a spontaneous hemorrhage in
vasa vasorum without a tear in the tunica intima.?” Fur-
thermore, more research about the pathophysiology of
SCAD, specifically in patients with COVID-19 and its com-
plications, is still required.

Clinical presentation and diagnostic approach
Phenotypically, SCAD exhibits consistent similarities with
the atherothrombotic of acute coronary syndrome (ACS).®
SCAD’s primary manifestations, reported by the prior stu-
dies, were chest pain followed by an increase in specific
cardiac enzymes, closely resembling ACS in general.?®3!
Hence, a definitive diagnosis of SCAD presents significant
challenges and requires advanced diagnostic modalities,
such as invasive intracoronary angiography, performed
by experienced operators.® Presumptive diagnosis, ho-
wever, can be considered by observing typical ACS clinical
presentations in middle-aged women without traditional
atherothrombotic risk factors like diabetes, hypertension,
and dyslipidemia.?®32 Additionally, additional comorbidi-
ties such as connective tissue diseases, arteriopathy, ge-
netic predisposition, pregnancy, systemic inflammation,
and precipitating factors like emotional stress and inten-
se exercise in patients presenting with ACS support the
suspicion of SCAD.%

COVID-19-associated SCAD’s clinical manifestations did
not appear significantly different from those in the gen-
eral population. Importantly, SCAD was observed to oc-
cur in patients with varying temporal associations with
COVID-19, ranging from during active infection to several
months after recovery. Our study population primarily
consisted of middle-aged females (median age of 49 years
old), consistent with the demographic profile of non-COV-
ID-19-associated SCAD patients.?®333* Most patients had no
pre-existing cardiovascular comorbidities. Nevertheless, we
did observe a patient, a 70-year-old man, with risk factors
of atherothrombosis, including hypertension, diabetes,
and smoking, a 55-year-old male patient with peripheral
artery disease, and another patient presenting with anxi-
ety and postpartum cardiomyopathy. Chest pain was re-
ported in all cases, with several patients also experiencing
symptoms such as dyspnea and palpitations and one pa-
tient suffering from cardiogenic shock and arrest (the pa-
tient had a history of atrial fibrillation during pregnancy).
This further confirms the similarity in clinical presentation
between SCAD and other entities of ACS. Distinguishing
factors may rely on coinciding signs and symptoms of asso-
ciated comorbidities, such as COVID-19, which in our cases
included flu-like syndrome and respiratory symptoms.

Furthermore, nine of the ten patients who underwent
high-sensitivity troponin testing exhibited increased lev-
els of this cardiac enzyme.57:210.12-1519 Six of the reported
eleven EKG findings were characterized by ST eleva-
tion 51013141719 As mentioned earlier, differentiating ath-
erothrombotic ACS from SCAD poses a distinct diagnostic
challenge. For a definitive diagnosis of SCAD, the test of
choice remains by invasive coronary angiography. Inva-
sive coronary angiography remains the test of choice for
the definitive diagnosis of SCAD.?® Angiographic findings
indicated that the majority of SCAD cases in COVID-19
patients was observed in LAD (50%), followed by RCA
and LCX. These findings align with previous research
highlighting the predisposition of SCAD in the LAD.3>3
Moreover, coronary tortuosity and the absence of intra-
luminal thrombus were suggested as notable clues fa-
voring the diagnosis of SCAD.3”3® However, our findings
noticed a case where SCAD diagnosis was made using
non-invasive coronary computed tomography angiogra-
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phy (or CTA), suggesting the potential role of noninvasive
diagnostic modalities in detecting SCAD, especially when
invasive coronary angiography was not feasible.?

Management and outcomes
Conservative therapy is preferred over other treatments
in stable SCAD patients without ongoing ischemia and
patients with occlusion of distal vessels or distal branches
for which PCl is not routinely performed.? In a cohort
study at Vancouver General Hospital, 79 patients who
underwent repeat CTA or angiogram after 26 days sho-
wed complete healing from SCAD. In nine patients who
did a repeat examination for less than 20 days, recovery
did not occur. This indicates that the SCAD healing pro-
cess depends on time.?* Compared with conservative the-
rapy, patients treated with PCl are at higher risk of com-
plications and suboptimal outcomes. PCl is also at risk of
requiring emergency CABG because of the failure of the
procedure.324° Coronary angiography causing iatrogenic
dissection is rare (0.02-0.09%)*"#2. However, in SCAD, the
affected coronary arteries have a weak structure, which
puts them at risk for iatrogenic dissection and dissection
expansion due to PCl. The PCl procedure’s wire can get
into the false lumen, and the true lumen can be clogged.
Additionally, SCAD frequently affects the distal coronary
segment, which is not large enough for stent placement
- field.32% The incidence of iatrogenic dissection during
diagnostic angiography and PCl was 4.7% in SCAD pati-
ents, according to a retrospective observational study.*
In SCAD cases, CABG is another option for therapy in
patients with proximal or left main stem dissection, pa-
tients with failed PCl, patients with complications due to
PCl, or refractory ischemia despite attempted conservative
treatment.? In a retrospective study of 15 bypass grafts, 11
were occluded on follow-up angiography. This emphasizes
that long-term protection against the effects of recurrent
native coronary artery dissection is not provided by the
CABG.” In high-risk patients with ongoing ischemia, left
main artery dissection, or hemodynamic instability, conser-
vative therapy is inappropriate. Therefore, the treatment
for each SCAD patient is left to interventionists because
there is no guideline for managing SCAD. Interventionists
must consider coronary anatomy, operator skill, and facil-
ity availability in determining the best therapy.324
Relieving symptoms, improving short-term and long-
term outcomes, and preventing recurrent SCAD are the
main therapy goals for SCAD. Evidence of the benefit of
using dual-antiplatelet in SCAD patients without coronary
intervention is still limited.3 The advantage of aspirin in
large ACS populations is likely greater than the risk, which
is why low-dose aspirin is considered.® No studies have
compared the risk of bleeding or short-term and long-term
outcomes using dual-antiplatelet or aspirin alone in the
SCAD.3? Since most SCAD involves prothrombotic intimal
tears, empirically dual antiplatelet administration would
be helpful. By using antiplatelet agents to reduce the false
lumen thrombus burden, the true lumen compression
could be reduced.?” A retrospective Italian series examining
long-term outcomes among patients with SCAD treated
with dual-antiplatelet therapy in both PCl and conserva-
tive therapy patients found no bleeding complications and
similar long-term outcomes for the two groups.*’

Anticoagulation for SCAD is still controversial, with
the risk of dissection extension balanced by the potential
benefit of resolving overlying thrombus and improving
true lumen patency, so heparin administration must be
discontinued when SCAD is proven by angiography to
prevent intramural hematoma extension. Beta-blockers
can reduce arterial shear stress, which is expected to re-
duce coronary arterial wall stress.?” Some experts recom-
mend the routine use of SCAD based on its benefits for
atherosclerotic Ml or aortic dissection. In contrast, others
recommend selective use because of the effect of vaso-
spasm or symptomatic hypotension.?

Angiotensin-converting enzyme inhibitors are routine-
ly administered to MI patients complicated by LV systolic
dysfunction. This drug is also an option for patients with
hypertension.?’32 Statins should not be given routinely to
SCAD patients but only to patients with hyperlipidemia as
primary prevention of atherosclerosis and patients with
concomitant atherosclerotic disease or diabetes melli-
tus24¢ because less than 50% of SCAD patients had a prior
diagnosis of hyperlipidemia.*> In addition, statins were re-
ported to be higher in patients with recurrence of SCAD.*?

Conclusion

This study explained that SCAD in patients with COVID-19
had similar clinical presentation and complications to
ACS, and they had different comorbidities and medical
histories. Appropriate modalities to diagnose and tre-
atments were chosen. Further research on SCAD with CO-
VID-19 is still required.
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Kontext: Cysticka degenerace adventicie (cystic adventitial disease, CAD) je vzacnou pricinou stendzy tepen,
které postihuje prevazné poplitealni tepnu.
Kazuistika: K |ékafi se dostavil 46lety muz s nahlou bolesti v pravém lytku. Fyzikalni vySetfeni a CT angio-
grafie odhalily vyznamnou stendzu pravé poplitedini tepny. Protoze se nepodafilo inicidlni trombektomii
odstranit tromboticky material, bylo rozhodnuto provést hybridni vykon zahrnujici PTA a implantaci stentu.
Vysetieni MR potvrdilo CAD a pfi kontrole po 24 mésicich nebyly u pacienta zjistény zadné priznaky.
Diskuse: Etiologie CAD je stale predmétem diskuse, pficemz byly predlozeny teorie o mistnim poranéni
a synovialni/ganglionové cysté. Tradi¢ni [écba byla chirurgicka, nicméné tato kazuistika prokazuje Gcinnost
minimalné invazivniho pfistupu.
Zavér: Minimalné invazivni endovaskularni 1étba mlze byt v pfipadé CAD ucinna; po vykonu je pro zajisténi
dlouhodobé prichodnosti tepny nezbytné pacienta peclivé sledovat.

© 2025, CKS.

ABSTRACT

Background: Cystic adventitial disease (CAD) is a rare cause of arterial stenosis, primarily affecting the po-
pliteal artery.

Case presentation: A 46-year-old male presented with sudden right calf pain. Physical examination and CT
angiography revealed significant stenosis of the right popliteal artery. Initial thrombectomy failed to remo-
ve thrombotic material, prompting a hybrid approach with PTA and stent implantation. MRI confirmed CAD,
and the patient remained asymptomatic at 24-month follow-up.

Discussion: The etiology of CAD is debated, with theories including local trauma and synovial/ganglion
origin. Traditional management has been surgical, but this case demonstrates the efficacy of a minimally
invasive approach.

Conclusion: Minimally invasive endovascular treatment may be effective for CAD, with close monitoring
needed to ensure long-term patency.

on and the limited literature, primarily consisting of case

Introduction

reports, the management of CAD remains individualized
and patient-specific.

Cystic adventitial disease (CAD) is a rare but well-docu-
mented form of nonatherosclerotic arterial stenosis. Whi-
le it predominantly affects the popliteal artery (PA), it can
also involve other arteries or veins.' The incidence of CAD
is estimated to be 1in 1,200 cases of claudication and 1 in
1,000 femoral angiograms, with a notable male predomi-
nance of 15 : 1. Approximately 85% of CAD cases are lo-
calized in the popliteal region.? Patients typically present
as young, otherwise healthy individuals with no signs of
multilevel atherosclerosis. Due to the rarity of the conditi-

Case presentation

A 46-year-old male presented with a sudden onset of
pain in the right calf following prolonged squatting while
gardening. The symptoms began seven days prior to ad-
mission. Unlike classic claudication, he was able to walk
approximately one kilometer without pain, but experien-
ced pain onset when ascending stairs. The patient had no
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Fig. 1 - Sagittal view of a subtotal occlusion of the right popliteal
artery.

Fig. 2 - Post-thrombectomy angiography with flexed knee on the
left and extended knee on the right. The angio suprisingly shows
no residual stenosis.

comorbidities and had undergone arthroscopic cruciate
ligament repair of the right knee five years earlier due
to trauma.

Physical examination revealed the absence of pulsati-
onsin the anterior and posterior tibial arteries of the right
leg, while the popliteal artery pulse remained palpable.
An ankle-brachial index (ABI) was measured, showing sig-
nificant discrepancies between the two legs, with an ABI
of 0.5 on the right compared to 1.0 on the left.

The patient underwent a computed tomography an-
giography (CT-Angio), which revealed a significant 90%
isolated stenosis of the right popliteal artery without an
apparent underlying cause (Fig. 1).

Taking in consideration the sudden onset of symptoms
and the high probability of fresh thrombus formation, we
initially opted for an open thrombectomy of the popliteal
artery via a femoral incision using a 4Fr Fogarty catheter.
No thrombotic material was evacuated, prompting us to
proceed with a hybrid approach. Our angiography post
thrombectomy surprisingly showed no residual stenosis
and excellent distal runoff (Fig. 2). Our hypothesis is that
the outward force exerted by balloon of the Fogarty ca-
theter itself was enough to push back the cystic formati-
on.

Those findings prompted us to use IVUS which showed
homogenous stenosis on the back wall of the PA. This in-
volved percutaneous transluminal angioplasty (PTA) of
the popliteal artery using a drug-eluting balloon. Follow-
-up angiography revealed no residual stenosis but a slight
hint of a dissection flap leading to the decision to implant
a short self-expandable stent. The final angiography sho-
wed excellent results — three patents below the knee ar-
teries runoff, with palpable pulses restored in the anteri-
or and posterior tibial arteries (Fig. 3)

Post-operative magnetic resonance imaging (MRI) re-
vealed a cystic formation on the posterior wall of the po-
pliteal artery in the previously stenosed area, confirming
the pathogenesis of the lesion. The stent remained wide-
ly patent with no signs of residual stenosis (Fig. 4).

The patient has started on clopidogrel 300 mg loading
dose immediately post procedure and 75 mg once dai-
ly. Following the intervention, the patient experienced

Fig. 3 - Post operative angiographies showing a patent popliteal
stent in the middle, and three below the knee arteries run-off.

Fig. 4 - MRI of the right popliteal artery showing a cystic formation
on the back artery wall with patent stent and no sign of compres-
sion. (A) Transversal view. (B) Sagittal view.
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relief of claudication symptoms and remained asympto-
matic at the 12-month follow-up. A noninvasive Doppler
ultrasound examination confirmed patency of the stent.
The ankle-brachial index at the 12-month follow-up was
normal at 1.0.

At the 24-month interview, the patient reported re-
maining asymptomatic and continued to tolerate exercise
well.

Discussion

The etiology of cystic adventitial disease (CAD) remains
controversial, with several potential theories proposed,
including: 1) repetitive local trauma, 2) systemic disease,
3) synovial/ganglion origin, and 4) embryological develo-
pment.34

The repetitive local trauma theory postulates that
vessels located near joints are subject to repetitive
microtrauma, leading to disruption of the adventitia
from the media. This disruption can result in intramu-
ral bleeding and subsequent cyst development due to
enzymatic activity within the vessel wall.? There have
been reports of trauma induced cysts; however, this
theory is controversial as CAD can occur in children and
is rare in athletes.*

Linquette et al. proposed the systemic disease theory,
suggesting that CAD is related to a generalized disor-
der of myxomatous degeneration. However, this theory
has failed to gain adequate support, as patients did not
show systemic lesions on follow-up.? The synovial/gangli-
on theory and the embryological theory have recently
gained more favor in the etiology of CAD. The synovial/
ganglion theory proposes that adventitial cysts develop
due to migration of synovial ganglions from the adjacent
joint capsule or tendons, along vascular branches to the
adventitia.’ The synovial/ganglion theory seems to fit best
in our case keeping in mind the fact that he had previous
surgical repair in the knee joint. The embryological theo-
ry hypothesizes that during development, mesenchymal
cells are incorporated into the adventitia from adjacent
joint tissue. These cells then secrete mucin over a number
of years giving rise to adventitial cysts which have the po-
tential to encroach on the arterial lumen.?* Because there
is no single unifying theory able to account for the patho-
genesis of all clinical cases, CAD may be better explained
by a combination of multiple theories.

Management of CAD has predominantly been surgi-
cal®’ involving either cyst drainage to allow full arterial
lumen expansion or arterial reconstruction via bypass. Re-
sults generally favor arterial reconstruction, although evi-
dence has been primarily derived from case reports and
occasional small series. A minimally invasive approach
using percutaneous cyst drainage® has been described but
has shown mixed results. Endovascular techniques have
been infrequently utilized, typically involving balloon an-
gioplasty or focusing on secondary interventions.> "

Due to the location of the cyst beneath the adventi-
tia, balloon angioplasty is likely to be ineffective. Unle-
ss there is disruption of the intima, media, or adventitia
allowing drainage of the cyst contents either into the
artery or towards the popliteal space, the cystic lesion is

expected to remain unchanged or potentially refill with
fluid over time.

At the time of the procedure, there was suspicion of
CAD in this particular patient. However, we were surpri-
sed to observe a near-excellent result following Fogarty
thrombectomy. This outcome is puzzling because signi-
ficant force would theoretically be required to maintain
artery patency if there were indeed compressions in this
segment.

This observation led us to consider that stent place-
ment alone might suffice, offering the potential for long-
-term patency with minimal surgical trauma, as it was the
case ultimately.

The rationale behind deploying a bare-metal, self-ex-
panding stent is to utilize its radial force to induce remo-
deling of the arterial wall. This mechanism theoretically
involves “pushing” the contents of the cyst out of the ad-
ventitia, potentially utilizing anatomical connections si-
milar to those described with the knee joint. This process
aims to collapse the cystic cavity and stimulate an inflam-
matory reaction that could lead to cyst sealing. However,
proving this concept is challenging definitively.'

Intimal hyperplasia and restenosis are significant
concerns with this procedure. Minimizing arterial inju-
ry by avoiding balloon angioplasty before or after stent
deployment is crucial. Close patient follow-up is essential,
with re-intervention if necessary. Given the impracticality
of directly intervening on the cyst, a short bypass graft
would be considered as the primary option.

Conclusion

Cystic adventitial disease of the arteries presents a cha-
Ilenging diagnostic and therapeutic dilemma, characteri-
zed by cystic formations within the adventitial layer, pre-
dominantly affecting the popliteal artery. Management
has traditionally been surgical, with options ranging from
cyst drainage to arterial reconstruction. Our case highli-
ghts the efficacy of a minimally invasive approach using
bare-metal, self-expanding stents, which leverages their
radial force to potentially remodel the arterial wall and
address the underlying pathology without the need for
extensive surgical trauma.

However, the management of CAD remains complex,
with considerations including the risk of intimal hyper-
plasia and restenosis post-stent placement. Close moni-
toring and prompt reintervention are essential to ensure
long-term patency and symptom relief. Further research
is warranted to elucidate the optimal treatment strate-
gies and long-term outcomes of endovascular interven-
tions in CAD.
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Kontext: Donepezil je inhibitor acetylcholinesterazy pouzivany v péci o nemocné s Alzheimerovou choro-
bou. Uvedena latka sice zmirfiuje klinické symptomy, ale nese s sebou riziko vzniku ortostatické hypotenze
a bradykardie. Pozornost je tfeba vénovat nepfili§ ¢astému vzniku tézké bradyarytmie po vysazeni done-
pezilu. Dosud nebyly publikovany zadné kazuistiky na téma tézkych bradyarytmii po vysazeni donepezilu.
Popis pfipadu: Uvadime pfipad 33leté Zeny s opakovanymi mdlobami v anamnéze; trpi demenci a pravidel-
né uziva donepezil. Prodélala epizodu tézké bradyarytmie s hodnotou 45 uder(i za minutu pfi aplikovani
dopaminu v dévce 5 pg/kg/min, kterd neodpovidala na podani atropinu. Vysazeni donepezilu nevedlo k vy-
mizeni asymptomatické bradykardie. ProtoZe pouziti docasné kardiostimulace stav pacientky zlepsilo, byl ji
implantovén trvaly kardiostimulator.
Zavéry: Tento pripad jednoznacné ukazuje na souvislost mezi uzivanim donepezilu a tézkou bradyarytmii
u pacientd s demenci. Kazuistika zdlraznuje narocnost zvlddani nezddoucich Gcinkd a vyplyva z ni, Ze vy-
sazeni donepezilu a zahdjeni anticholinergni 1é¢by nemusi vzdy postacovat; v takovém pripadé je nutno
pacientovi implantovat kardiostimulator.

© 2025, CKS.

ABSTRACT

Background: Donepezil is an acetylcholinesterase inhibitor used in Alzheimer’s disease management. It im-
proves clinical symptoms but carries risks of orthostatic hypotension and bradycardia. Uncommon severe
bradyarrhythmias post-discontinuation deserve attention. In addition, there have been no previous case
reports regarding severe bradyarrhythmias post donepezil discontinuation.

Case presentation: We report a case of a 33-year-old woman with a history of recurrent fainting. She has
dementia and regularly takes donepezil. She experienced severe bradyarrhythmia with heart rate of 45
beats per minute regular on dopamine 5 pg/kg/min and unresponsive to atropine. The discontinuation of
donepezil did not improve asymptomatic bradycardia. The use of temporary pacemaker (TPM) improved the
patient’s condition, then permanent pacemaker (PPM) was implanted.

Conclusions: This case report highlights donepezil’s link to severe bradyarrhythmia in dementia patients. It
stresses the challenges in managing adverse effects, suggesting that stopping donepezil and anticholinergic
therapy may not always be sufficient and pacemaker implantation may be required.
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Background

Donepezil is a commonly prescribed acetylcholinesterase
inhibitor used in the management of Alzheimer’s disease.’
Its primary function is to enhance cholinergic neurotran-
smission by inhibiting the breakdown of acetylcholine,
thereby improving cognitive function in patients with
dementia.? The adverse reactions commonly experienced
by more than 10% of individuals taking donepezil inclu-
de nausea, diarrhea, insomnia, vomiting, muscle cramps,
fatigue, and anorexia. On the other hand, less common
adverse effects, occurring in 1-10% of cases, encompass
insomnia, emesis, gastritis, hypertension, syncope, brady-
cardia, chills, generalized coldness, pain, dizziness, abnor-
mal gait, confusion, fatigue, diaphoresis, abdominal pain,
bloating, and constipation.? This case report highlights
an unusual and previously unreported manifestation of
donepezil-related adverse effects, involving the develop-
ment of persistent severe bradyarrhythmia in a dementia
patient following drug discontinuation.

Case presentation

A 33-year-old woman, referred from a local government
hospital, came to the emergency room with complaints of
frequent weakness for the last 5 months. The patient had
a history of recurrent fainting. Prior to fainting, she expe-
rienced dizziness. The patient had never previously had
similar symptoms. There were no complaints of shortness
of breath, typical chest pain, palpitations, or similar pre-
vious episodes. The patient did not experience dyspnea
on exertion (DOE), paroxysmal nocturnal disease (PND),
orthopnea, or swelling. She had dementia and regular-
ly took donepezil 5 mg, with no other medications. BMI
was measured at 25.39, indicating overweight. The pati-
ent denied having hypertension, diabetes mellitus, heart
disease, or neurological conditions. While at the referring
hospital, the patient received 2 ampoules of Sulfas Atro-

Fig. 1 - Chest X-ray on initial presentation showing prominent CTR
68%. CTR - cardiothoracic ratio.

pine, but there was no change in the patient’s heart rate
and clinical conditions.

On presentation, the patient had a GCS of 456, blood
pressure of 111/67 mmHg, heart rate of 45 beats per min-
ute regular on dopamine 5 pg/kg/min, respiratory rate of 18
breaths per minute, SpO, of 99% on room air, and a tem-
perature of 36.5 °C. Upon auscultation of the heart, single
regular S1 and S2 were heard, and no murmurs or gallops
were found. Laboratory test results of the patient upon ar-
rival at the emergency room are provided in Table 1.

The chest X-ray showed a prominent cardiothoracic ra-
tio of 68% and no infiltrates were found (Fig. 1). The EKG
results from the referring hospital revealed sinus arrest
with junctional escape rhythm at 51 beats per minute,
normal axis, and clockwise rotation with horizontal axis
(Fig. 2). Transthoracic echocardiography (TTE) examina-
tion revealed dilatation in the left atrium and right atri-
um. Valve examination revealed qualitatively mild aortic

Table 1 - Laboratory work-up

Laboratory param-
eter

Patient’s results

Normal range

Hb 14.7 g/dl 13-18

WBC 7.76 k/uL 4-11

Thrombocyte 221 k/uL 140-440

Natrium (Na) 140 mmol/l 135-145

Kalium (K)/potassium 3.2 mmol/l 3.5-5.0

Chloride (CI) 107 mmol/l 98-107

Calcium (Ca) 9.1 mg/dL 8.5-10.5

Magnesium (Mg) 2.2 mg/dL 1.8-2.4

BUN 6.3 mmol/L 2.1-8.5

Creatinine 0.6 mg/dL 0.6-1.1

Random blood sugar 191 mg/dL <200

SGOT 34 U/L 5-40

SGPT 14 U/L 7-56

Albumin 4.3 g/dL 3.4-54

CRP 1.16 mg/dL <0.3

TSH 0.7530 pUl/mL ~ 2-12 years: 0.64-6.27
12-18 years: 0.51-4.94
>18 years: 0.55-4.78

Free T4 0.99 ng/mL 1-23 months: 0.94-1.44
2-12 years: 0.86-1.4
13-20 years: 0.83-1.43

T3 0.63 ng/mL 0.35-1.93

Procalcitonin 0.02 ng/mL <0.05: healthy
>0.05 - <0.5: local infection
>0.5 - <2: systemic infection
>2 - <10: severe sepsis
>10: septic shock

Blood sedimentation 9 mm 0-20

rate

ANA test 15.7 AU/mL <40.0: negative
>40.0: positive

Anti ds.DNA 0.5 IU/mL <30.0: negative

>30.0: positive
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Fig. 2 - ECG on initial presentation.

Fig. 3 - ECG after TPM installation.

regurgitation, trivial tricuspid regurgitation, and trivial
pulmonary regurgitation. No signs of effusion or conges-
tion were found.

The patient was diagnosed with symptomatic brady-
cardia, atrial fibrillation with slow ventricular response,
and hypokalemia (3.1 mmol/l). The consumption of done-
pezil was also stopped and supervised by a nurse. A KCl
drip of 40 mEq/100 cc over 3 hours via a central venous
catheter (CVC) was administered to correct hypokalemia,
but symptoms were still present. A temporary pacemaker
(TPM) was implanted, and the dopamine pump was dis-
continued. After the TPM was placed, vital signs in nor-

mal limits with pacemaker rhythm, the patient had no
symptoms and was under observation (Fig. 3).

However, asymptomatic bradycardia is persistent after
72 hours of donepezil discontinuation. After 72 hours of
discontinuing donepezil consumption, the patient’s heart
rate did not change significantly. When attempting to
remove the TPM, an EKG showed sinus arrest with junc-
tional escape rhythm at 45 beats per minute, normal
frontal axis, clockwise rotation of the horizontal axis,
T-wave inversion in leads V.-V, with prominent U wave
(Fig. 4). The patient’s potassium level became 3.7 mmol/I
(normal). The patient experienced a weight loss of 10 kg
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Fig. 4 - Comparison of ECG during TPM installation and TPM removal.

Table 2 - Similar published casereports

Number of cases
or sex/age

Female/79

Male/84

Female/74

Male/90

Female/87

Female/96

Sign

and symptoms
Letargy, vomiting,
HR 56 bpm, pale
skin, diaphoretic

Nausea, vomiting,
diarrhea, fatigue,
excessive sweat-
ing, disorientation,
HR 50 bpm, QTc
prolongation

Nausea, vomiting,
drowsiness, flush-
ing, diarrhea

HR 36 bpm,
advanced 2: 1
atrioventricular
block and QT
prolongation

Syncope, nausea,
vomiting, HR 40
bpm, QT prolonga-
tion

Difficult to
awaken,
diaphoretic,
altered mental
status, abdominal
pain, HR 64 bpm

Donepezil

dose

50 mg

35 mg

45 mg

5-10 mg

5-10 mg

Treatment

3 mg of atropine
injection

0.5 mg of
atropine
injection

No treatment

The patient’s
donepezil was
discontinued

and 30 mg of
orciprenaline was
administered

30 mg of orci-
prenaline

Electrolyte
correction,
ciprofloxacin and
metronidazole
for colitis, 3 mg
of glucagon
injection

Outcomes

Returned to baseline by day
two in the hospital

The patient’s bradycardia
and QTc prolongation
resolved, and the patient
returned home after six days
in the hospital

Returned to baseline after
stopping donepizil

By the fifth day, the patient’s
ECG and other symptoms
had normalized

On the fifth day, the done-
pezil was discontinued, and
her heart rate increased to

55 BPM. On day 18, the QT

prolongation resolved

The patient was discharged
on day six with two more
days of antibiotic therapy
(ciprofloxacin and metroni-
dazole) and complete resolu-
tion for her symptoms

Case link

Donepezil overdose: a
tenfold dosing error - Pub-
Med (nih.gov)®

Cardiotoxic overdose
treated with intravenous
fat emulsion and high-do-
se insulin in the setting of
hypertrophic cardiomyo-
pathy - PubMed (nih.gov)’

Donepezil overdose - Pub-
Med (nih.gov)?

Donepezil-induced adver-
se side effects of cardiac
rhythm: 2 case reports of
atrioventricular block and
Torsade de Pointes - Pub-
Med (nih.gov)®

Encephalopathy from
unintentional donepezil
and memantine ingestion
- PubMed (nih.gov)"

Suspected donepezil
toxicity: A case report -
PMC (nih.gov)"
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(BMI 21.48). The patient was finally put on PPM because
she remained symptomatic even though donepezil was
discontinued. This decision took into consideration the
patient’s good quality of life and other health conditions.
Patient was discharged from the hospital and had routine
check-ups at the polyclinic in good condition for 2 months
later.

Discussion

Bradyarrhythmias are characterized by an abnormally
slow heart rate, fewer than 60 beats per minute (bpm).*
Bradyarrhythmias can reflect normal physiologic respon-
ses, as in sleeping, or reveal a number of rhythm disor-
ders, including sinus node dysfunction and AV conduction
disturbances.®> Common causes of bradyarrhythmias en-
compass intrinsic cardiac diseases, electrolyte imbalances,
autonomic dysfunction, and pharmacological influences.*
Although rare, bradyarrhythmias may occur in dementia
patients taking donepezil at toxic and therapeutic doses,
and all of them are elderly patients (>60 years) (Table 2).
Bradycardia in older patients can occur due to the influ-
ence of an unstable autonomic nervous system so that
donepezil causes bradycardia more easily in geriatrics,
but uniquely in this case it occurred at a young age (33
years). This opens up insight that this condition can also
occur at a young age.

The pathophysiological mechanisms underlying brady-
arrhythmias in dementia patients following donepezil
discontinuation remain elusive. It is postulated that do-
nepezil’s cholinergic enhancement may influence cardiac
conduction pathways, potentially leading to abnormal
rhythm disturbances.’ The patient’s bradycardia did not
change even though donepezil had been stopped for 72
hours. The half-life of donepezil is 70 hours."* The altered
pharmacodynamics of aging can cause up to a 17% de-
crease in clearance of donepezil in older adults and result
in higher serum levels of donepezil." In a randomized,
open-label, real-world comparative trial, adverse effects
accounted for 73.1% of discontinuations of donepezil,
galantamine, and rivastigmine.® The adverse events listed
as cardiovascular (CV) were “fast or slowed heart rate”,
and “irregular heartbeat”, and the total CV adverse ef-
fects ranged from 6.5% for galantamine to 12.2% for riv-
astigmine. Other adverse events listed under other cate-
gories may have had, at least in part, an unrecognized CV
contribution. Examples include fainting, dizziness, falls,
and fatigue. The overall rates of discontinuation after the
18-week trial were 38.8% for donepezil, 53% for galan-
tamine, and 58.7% for rivastigmine.®

Donepezil, by inhibiting acetylcholinesterase, increases
synaptic levels of acetylcholine, thereby enhancing cho-
linergic signaling throughout the body. In dementia pa-
tients, this augmentation of cholinergic activity might
exert a compensatory effect on cardiac autonomic reg-
ulation, potentially mitigating the occurrence of brady-
arrhythmias. Conversely, abrupt cessation of donepezil
could lead to a sudden decline in cholinergic tone, pre-
disposing individuals to bradyarrhythmias. Cholinesterase
inhibitors may have vagotonic effects on the sinoatrial
and atrioventricular nodes. This effect may manifest as

bradycardia or heart block in patients both with and
without underlying cardiac conduction abnormalities.'
Additionally, potential interactions with other drugs
commonly used in dementia management, such as anti-
psychotics or antiarrhythmic agents, could exacerbate the
risk of bradyarrhythmias."" The patient did not complain
of abdominal pain, but experienced weight loss. The
weight loss and potential decrease in nutrition may have
resulted in an increase in serum concentrations of done-
pezil as this medication has a large volume of distribution
and is 96% protein bound.?

The patient was found to have low potassium levels (3.1
mmol/l). Potassium ions play a crucial role in maintaining
the resting membrane potential and action potential of
cardiac myocytes. Reduced extracellular potassium levels
can lead to membrane hyperpolarization, which in turn
prolongs the duration of the cardiac action potential.
This prolongation can manifest as delayed depolarization
of cardiac cells, resulting in slowed conduction through
the cardiac conduction system and predisposing individu-
als to bradyarrhythmias.'”? However, after correction for
potassium, bradycardia was still persistent.

Donepezil overdose has been shown to result in pro-
found sinus bradycardia, which is reversible with atro-
pine.”* However, in this patient bradycardia still occurred
after injection of 2 ampoules of atropine and potassium
correction. So a TPM was installed with a regular heart
rate of 70x/minute. The patient was treated for four
days. When the TPM was removed, an ECG showed si-
nus arrest with junctional escape rhythm at 45 beats
per minute, normal frontal axis, clockwise rotation of
the horizontal axis, T-wave inversion in leads V-V, with
prominent U wave. The use of TPM is continued to keep
the patient’s heart rate stable. Because the understand-
ing of the development of bradycardia, syncope, and
other adverse effects of AChE inhibitor use is incomplete,
there are few guidelines regarding the management of
patients on or being considered for placement on these
agents." The suggestions for managing possible AChE in-
hibitor CV side effects include monthly pulse checks and
symptom monitoring. If bradycardia is noted (<50 bpm)
or if syncope or seizures are reported, the investigation
of all possible causes is recommended before attributing
these signs to AChE inhibitors."

This study has a limitation. It is important to note that
study’s findings are based on a single patient, limiting its
generalizability to broader populations of dementia pa-
tients or those discontinuing donepezil therapy.

Conclusion

This case report highlights the relationship between do-
nepezil consumption and the incidence of severe brady-
arrhythmia in a young patient without any cardiovascular
risk disease and risk factors, that are persistent even af-
ter discontinuation of donepezil. Permanent pacemaker
(PPM) installation should be considered in cases with
persistent severe symptoms. Further research is needed
to understand better the mechanisms and improve tre-
atment strategies for adverse events related to donepezil
in dementia patients.



O. W. Firmansyah et al.

65

Conflict of interest
Nothing to declare

Funding
None

Ethical statement
None.

Informed consent

The authors hereby grant permission to reproduce ma-
terials from our work for the purpose of dissemination,
distribution, and academic or educational use. We have
obtained consent from the patient to publish this infor-
mation anonymously.

Availability of data and material
The authors confirm that the data supporting the find-
ings of this study are available within the article.

Authors’ contributions

OWF and BBD were responsible for drafting, literature
review, and editing of the manuscript. RJ, CFA, PBT, and
EP were responsible for literature review and editing. All
authors approved the final version of paper.

Acknowledgements
We would like to express our deepest appreciation to Air-
langga University cardiology staff and the the patient.

References

1. Kumar A, Gupta V, Sharma S. Donepezil. [Updated 2023 Aug
17]. Online. In: StatPearls. Treasure Island (FL): StatPearls
Publishing; 2025 Jan-.

2. Lane RM, Darreh-Shori T. Understanding the beneficial and
detrimental effects of donepezil and rivastigmine to improve
their therapeutic value. J Alzheimers Dis 2015;44:1039-1062.

3. Product information. Aricept (Donepezil hydrochloride) tablet.
Woodcliff Lake, NJ: Eisai Co., Ltd; February 2012.

4. Dresing TJ, Wilkoff BL. Bradyarrhythmias. Curr Treat Options
Cardiovasc Med 2001;3:291-298.

5. Campbell NL, Perkins AJ, Gao S, et al. Adherence and
Tolerability of Alzheimer’s Disease Medications: A Pragmatic
Randomized Trial. J Am Geriatr Soc 2017;65:1497-1504.

20.

Shepherd G, Klein-Schwartz W, Edwards R. Donepezil
overdose: a tenfold dosing error. Ann Pharmacother
1999;33:812-815.

Stellpflug SJ, Fritzlar SJ, Cole JB, et al. Cardiotoxic overdose
treated with intravenous fat emulsion and high-dose
insulin in the setting of hypertrophic cardiomyopathy.

J Med Toxicol 2011;7:151-153.

Greene YM, Noviasky J, Tariot PN. Donepezil overdose.

J Clin Psychiatry 1999;60:56-57.

Tanaka A, Koga S, Hiramatsu Y. Donepezil-induced
adverse side effects of cardiac rhythm: 2 cases report of
atrioventricular block and Torsade de Pointes. Intern Med
2009;48:1219-1223.

Thornton SL, Clark RF. Encephalopathy from unintentional
donepezil and memantine ingestion. Pediatr Emerg Care
2014,;30:649-650.

. Thornton SL, Clark RF. Encephalopathy from unintentional

donepezil and memantine ingestion. Pediatr Emerg Care
2014;30:649-650.

Cacabelos R. Donepezil in Alzheimer’s disease: From
conventional trials to pharmacogenetics. Neuropsychiatr
Dis Treat 2007;3:303-333.

. Wung SF. Bradyarrhythmias: Clinical Presentation,

Diagnosis, and Management. Crit Care Nurs Clin North Am
2016;28:297-308.

By the 2019 American Geriatrics Society Beers Criteria®
Update Expert PanelAmerican Geriatrics Society 2019
Updated AGS Beers Criteria® for Potentially Inappropriate
Medication Use in Older Adults. J Am Geriatr Soc
2019;67:674-694.

. Young, S, Chung E, Chen MA. Cardiovascular Complications

of Acetylcholinesterase Inhibitors in Patients with
Alzheimer’s Disease: A Narrative Review. Ann Geriatr Med
Res 2021;25:170-177.

Isik AT, Soysal P, Stubbs B, et al. Cardiovascular Outcomes
of Cholinesterase Inhibitors in Individuals with Dementia:
A Meta-Analysis and Systematic Review. J Am Geriatr Soc
2018;66:1805-1811.

Kardalas E, Paschou SA, Anagnostis P, et al. Hypokalemia:
a clinical update. Endocr Connect 2018;7:R135-R146.

Yano H, Fukuhara Y, Wada K, et al. [A case of acute
cholinergic adverse effects induced by donepezil overdose:
a follow-up of clinical course and plasma concentration of
donepezil]. Rinsho Shinkeigaku 2003;43:482-486. Japanese.
Gill SS, Anderson GM, Fischer HD, et al. Syncope and

its consequences in patients with dementia receiving
cholinesterase inhibitors: a population-based cohort study.
Arch Intern Med 2009;169:867-873.

Rowland JP, Rigby J, Harper AC, Rowland R. Cardiovascular
monitoring with acetylcholinesterase inhibitors: a clinical
protocol. Adv Psychiatr Treat 2007;13:178-184.



i2Repatha

SPOLEHAJI NA VAS evolokumab

Protoze Vy jim muzete pomoci
zabranit dalsi KV pfihodé'?

Snizeni LDL-C pripravkem Repatha® je rychlé* pretrvava po celou dobu

léCby a redukuje KV riziko u pacientd v sekundarni prevenci véetné téch,

,A DOPORUCU  Ktefi nedavno prodélali IM a uZivaji maximalni tolerovanou davku statind
ESC/EAS GUIDELINES a p‘r’l'padné ezetimibuj—B

v

*Snizeni LDL-C o pfiblizné 55-75 % bylo pfi |é¢bé evolokumabem dosazeno jiz v 1. tydnu a béhem dlouhodobé Iécby pretrvavalo.2
Reference: 1. Sabatine MS, et al.; Circulation. 2018;138:756-66. 2. SPC Repatha brezen 2023. 3. Giugliano RP, et al. Lancet. 2017;390:1962-71.

Zkracena informace o lé¢ivém pripravku REPATHA

Nazev lécivého pripravku: Repatha 140 mg injekcni roztok v predpinéném peru. Kvalitativni a kvantitativni sloZeni: Jedno predpinéné pero obsahuje evolocumabum 140 mg v 1
ml roztoku. Lékova forma: Injekéni roztok (injekce) v predplnéném peru (SureClick). Terapeutické indikace: Primarni hypercholesterolemie (heterozygotni familiarni a nefamiliarni
nebo smiSend dyslipidemie u dospélych a heterozygotni familiarni hypercholesterolemie u pediatrickych pacientd ve véku 10 let a starSich jako pridavek k dietg, a to: 1. v kombinaci
se statinem nebo statinem a s dal3fmi hypolipidemiky u pacientdi, u kterych nenf dosaZeno cilovych hladin LDL-C maximéIni tolerovanou davkou statinu, nebo 2. v monoterapii nebo
v kombinaci s dalimi hypolipidemiky u pacientd, ktefi netolerujf statin nebo u kterych je statin kontraindikovan. HQszngInl'familiérm' hypercholesterolemie v kombinaci s dalSimi
hypolipidemiky u dospélych a pediatrickych pacienti ve véku 10 let a starSich. Prokdzané aterosklerotické kardiovaskuldrni onemocnéni u dospélych ke snizeni kardiovaskularniho rizika,
ato 1. v kombinaci s maximaini tolerovanou dévkou statinu s dalSimi hypolipidemiky nebo bez nich, nebo 2. v monoterapii nebo v kombinaci s dal$imi hypo||p|dem|ky u pacientt, ktert
netoleruji statin nebo u kterych | e statin kontraindikovén. Davkovani a zplisob podani: Podavé se subkutdnné do bricha, stehna nebo do horni oblasti paze. Primarni hypercholesterole-
mie a smiSend dyslipidemie (vcetné heterozygotni familiarni hypercholesterolemie) dospéli a pediatricti pacienti (ve vku 10 let a starsi)/ Prokdzané aterosklerotické kardiovaskularn/
onemocnéni u dospélych: Doporucena dévka je 140 mg 1x za dva tydny nebo 420 mg 1x mésicné. Obé davky jsou klinicky ekvivalentni. Homozygotni familiarni hypercho/esz‘ero/em/e
u dospélych a pediatrickych pacientii ve véku 10 let a starSich: Uvodnf doporucend davka je 420 mg 1x mesicné. Pokud nebylo po 12 tydnech dosazeno klinicky v§znamné odpovédi
na léchu, frekvenci ddvek je mozné zvySit na 420 mg 1x za 2 tydny. Pacienti na aferéze mohou zahajit I16cbu ddvkou 420 mg 1x za 2 tydny, aby toto schéma odpovidalo cyklu aferézy.
Kontraindikace: Hypersenzitivita na leCivou latku nebo na kteroukoli pomocnou latku. Zvlastni upozornéni a opatieni pro pouZiti: Sledovatelnost: Mé se prehledné zaznamenat nazev
podaného IéCivého pfipravku a Cislo SarZe. Porucha funkce jater: Pacienti s tézkou poruchou funkce jater (Child-Pugh C) nebyli studovani a evolokumab se mé pouZivat s opatrnosti.
Suchy pifrodn{ kauCuk: Kryt sklenéné predpInéné injekcni stitkacky je vyroben ze suchého piirodniho kauuku (derivat latexu), ktery miZe vyvoldvat zévazné alergické reakce. Interakce
s jinymi lécivymi pripravky a jiné formy interakce: Nebyly provedeny Zadné studie interakci. V klinickych studiich byla hodnocena farmakokineticka interakce mezi statiny a evolo-
kumabem. Pi pouZiti kombinace statinu a evolokumabu neni nutna tiprava davky statinu. Fertilita, téhotenstvi a kojeni: Udaje o podavani téhotnym Zenam jsou omezené nebo nejsou
k dispozici. V téhotenstvi Ize pouZit pouze tehdy, kdyZ klinicky stav Zeny vyZaduje I6¢bu evolokumabem. Neni zndmo, zda se evolokumab vylucuje do lidského materského miéka. Riziko
pro kojené novorozence/kojence nelze vyloucit. Na zakladé posouzeni prospéSnosti kojeni pro dité a prospéSnosti Iéchy pro matku je nutno rozhodnout, zda prerusit kojeni nebo ukoncit/
prerusit podavani pripravku Repatha. Nejsou k dispozici Zadné tidaje o vlivu evolokumabu na fertilitu u Clovéka. Nezadouci ticinky: Nejcastéji hlaSené neZadouc ticinky pfi podavani
doporucenych ddvek jsou nasopharyngitis (7,4 %), infekce hornich cest dychacich (4,6 %), bolest zad (4,4 %), artralgie (3,9 %), chripka (3,2 %) a reakce v misté vpichu injekce (2,2
%). Zvlastni opatreni pro uchovavani: Uchovavejte v chladnicce (2 °C — 8 °C). Chraiite pred mrazem. Uchovavejte v puvodmm obalu, aby byl pfipravek chranén pred svétlem. Dritel
rozhodnuti o registraci: Amgen Europe B.V., Minervum 7061, 4817 ZK Breda, Nizozemsko. Registracni ¢islo: EU/1/15/1016/003. Datum revize textu: 30. bfezna 2023.

Pfed predepsanim pifpravku se, prosim, seznamte s Gplnym Znénim Souhru L]dajﬁ o pifpravku. Viydej éCivého pripravku je vazan na Iékai'sky predpis. Piipravek je hrazen z prostiedk(i
verejného zdravotniho pojisténi v indikaci primarni hypercholesterolemie nebo smiSené dyslipidemie u pacientti adherujicich k dietnim opatrenim i ke stavajici hypolipidemické 16¢bé
v kombinaci s vysoce intenzivni hypolipidemickou terapii.

URCENO PRO ODBORNOU VEREJNOST.

Amgen s.r.0., Pod drdhou 1637/2, HoleSovice, 170 00 Praha 7, tel.: +420 221 773 500, www.amgen.cz
SC-CZ-AMG145-00608
CZE-145-1024-80002




Kazuistika | Case report

Raritni porucha rytmu u pacientd s hypertrofickou obstrukcni
kardiomyopatii béhem endokardialni radiofrekven¢ni
katétrové ablace septalni hypertrofie

(Rare rhythm disorder in patients with hypertrophic obstructive cardiomyopathy during
endocardial radiofrequency ablation of septal hypertrophy)
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SOUHRN

Hypertroficka obstruk¢ni kardiomyopatie (HOKMP) je charakterizovana ztlusténim stén a zvétSenim masy
myokardu nedilatované levé komory srdecni bez vysvétlujicich hemodynamickych pficin a pfitomnosti gra-
dientu ve vytokovém traktu levé komory (LVOTG). U pacientl s maximalni farmakologickou terapii HOKMP
je indikovana invazivni metoda terapie. V minulosti metodou volby k redukci septélni hypertrofie byla chi-
rurgicka myektomie, kterou vystfidala alkoholova septalni ablace (ASA), nyni jde o vSeobecné uzivanou
metodu v redukci septalni hypertrofie. V poslednich letech se objevila nové nefarmakologicka metoda, a to
radiofrekvencni ablace mezikomorového septa - v literatufe uvadéna jako endocardial radiofrequency abla-
tion of septal hypertrophy (ERASH). Cilem nasi kazuistiky je popsat prvni zkusenosti s touto metodou. Jedna
se o tfiactyficetiletého pacienta s diagnostikovanou HOKMP, vyznamnym LVOTG a maximalni farmakolo-
gickou terapii, ktery podstoupil v roce 2019 alkoholovou septalni ablaci pouze s prechodnym efektem na
regresi LVOTG, a zaroven s nové vzniklou blokadou pravého Tawarova raménka (RBBB). V roce 2021 u pa-
cienta pfi kontrolni echokradiografii perzistuje vysokd LVOTO az 127 mm Hg a progredujici symptomato-
logie. Proto byla pacientovi navrzena ERASH, se kterou souhlasil. BEhem vykonu byl mapovan a oznacen
prevodni systém a hranice ztlusténi septa s maximem v blizkosti pfedniho cipu mitralni chlopné s patrnym
doprednym pohybem predniho cipu mitraini chlopné v systole (SAM). Pfevodni systém byl oznacen v ana-
tomické mapé body, aby se predeslo jeho poskozeni. Radiofrekvencni ablace byla zahajena ve stiedni ¢asti
ztlusténi septa v dostatecné vzdélenosti od prevodniho systému. Béhem ablace ale doslo k intermitentni
atrioventrikularni blokadé Ill. stupné, nasledné ke stfidani bifascikularni blokady charakteru preexistujici-
ho RBBB a levého predniho a zadniho hemibloku, s naslednou restituci do atrioventrikularni (AV) blokady
Wenckebach 3 : 2, ablace byla pro riziko poskozeni pievodniho systému ukoncena. Po vykonu bylo prove-
deno kontrolni méfeni LVOTG, ktery dosahoval 3,1 mm Hg, po komorové extrasystole 84,4 mm Hg. Béhem
nasledujicich hodin doslo k restituci AV vedeni, 12 hodin po vykonu byl na povrchovém EKG patrny sinusovy
rytmus s AV blokadou I. stupné a RBBB bez prevodni poruchy vyssiho stupné, na dalsich kontrolach po sou-
Casnost je pacient bez pfevodnich poruch rytmu a s trvajicim nizkym gradientem v LVOT. Pacienti s RBBB
po predchozi ASA se jevi jako suboptimalni kandidati ERASH vzhledem k vysokému riziku vzniku blokady
levého Tawarova raménka béhem vykonu ERASH a nasledné kompletni AV blokady. Pfi ERASH v terénu
predchozi ASA mohou vznikat bizarni poruchy AV prevodu jako v nize popsané kazuistice.

© 2025, CKS.

ABSTRACT

Hypertrophic obstructive cardiomyopathy (HOCMP) is characterized by abnormal thickening or enlargement
of the left ventricular myocardium mass of non-dilated left ventricle not explained solely by loading condi-
tions and presence of obstruction in outflow tract of left ventricle. Surgical septal myectomy was the first
choice method of invasive treatment of septal hypertrophy in the past which was replaced by alcohol septal
ablation in the nineties of the 20th century and nowadays it is still worldwide used, safe, and effective
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method in reduction of septal hypertrophy. Nowadays there is a new method of non-pharmacological treat-
ment of septal hypertrophy which is endocardial radiofrequency ablation of septal hypertrophy (ERASH).
Main goal of our case report is to describe first experiences with ERASH method in our department. A forty-
-three-year-old patient with diagnosed HOCMP and severe left ventricle outflow tract gradient (LVOTG)
despite maximal pharmacological treatment who underwent alcohol septal ablation (ASA) in 2019, only
with transient effect on LVOTG, and the new onset of right bundle branch block (RBBB). In 2021, there was
still high LVOTG present on echocardiography — 127 mmHg and progressive symptomatology. The patient
agreed to undergo ERASH. Hypertrophic part of septum and conduction system have been mapped and
marked to avoid destruction. Radiofrequency ablation was started in the middle part of septal hypertrophy
in safe distance from conduction system, however, during ablation there was a sudden onset of atrioventri-
cular block of third degree, forwarded with alternating bifascicular block RBBB and left anterior or posterior
hemiblock, with restitution to AV block of the second degree 3 : 2. Ablation was terminated at this point
because of risk of harming conduction system. Immediate measurements straight after procedure were
LVOTG 3.1 mmHg at rest and 84.4 mmHg after ventricle extrasystole. In next hours there was a restitution
of conduction system to AVB of the first degree with preexisting RBBB. Nowadays the patient is without any
conduction disorders of higher degree and low LVOTG still lasts.

The patients after alcohol septal ablation with preexisting RBBB seem to be inappropriate candidates for
ERASH procedure due to high risk of conduction disorders of higher degree as was seen in our case report.

Uvod

Hypertroficka obstrukcni kardiomyopatie (HOKMP) je cha-
rakterizovana ztlusténim stén a zvétSenim masy myokardu
nedilatované levé komory srdecni bez vysvétlujicich hemo-
dynamickych pficin a pfitomnosti obstrukce ve vytokovém
traktu levé komory. Typickou zndmkou je paradoxni pohyb
predniho cipu mitraini chlopné (SAM) pfi transtorakalni
echokardiografii.' V minulosti byla invazivni nefarmakolo-
gickou metodou volby k redukci septalni hypertrofie chirur-
gickd myektomie,? kterou v devadesatych letech vystridala
alkoholova septélni ablace (ASA), nyni vSeobecné uzivand,
bezpecnd a ucinnd metoda v redukci septalni hypertrofie.
V poslednich letech se objevila nova nefarmakologicka
metoda v lécbé HOKMP. Jednd se o radiofrekvencni abla-
ci (RFA) mezikomorového septa (IVS) — v literature uvadeé-
na jako ,endocardial radiofrequency ablation of septal
hypertrophy (ERASH)”.* Metoda spociva v RFA hypertro-
fického septa pomoci standardniho proplachového ablac¢-
niho katétru vétSinou z levé komory retrogradnim ¢i trans-
septdlnim pfistupem za podpory 3D elektroanatomického
mapovaciho systému. Pokles gradientu ve vytokovém traktu
levé komory (LVOTG) po provedeni ERASH je dle publiko-
vanych malych sérii pacientl srovnatelny s ASA. Dle publi-
kovanych soubor( pacientt se jedna o bezpecnou’ terapii
s minimalnim rizikem poskozeni korondrnich tepen, s nizsim
rizikem poskozeni prevodniho systému srde¢niho a s moz-
nosti opakovani vykonu. Na nasem pracovisti byl tento vy-
kon proveden poprvé v roce 2018 s dobrym bezprostfednim
i dlouhodobym efektem (vyrazny pokles klidového i provo-
kovaného gradientu v prvnim a $estém mésici po vykonu)
srovnatelny s ASA a nasledné do dnesniho data vykon pod-
stoupilo dalSich pét pacientt. U jednoho pacienta navzdory
udavané bezpecnosti vykonu stran poruch vedeni v oblasti
atrioventrikuldrniho (AV) uzlu doslo k zajimavé poruse ryt-
mu. Tento pacient je predmétem této kazuistiky.

Kazuistika

Jedna se o triactyricetiletého pacienta, plvodné doset-
fovaného cestou plicni ambulance pro asi tfi ¢tvrté roku

trvajici namahovou dusnost. BEhem kardiologického vy-
Setfeni byla pomoci echokardiografie srdce diagnostiko-
vana HOKMP s obstrukci a vyznamnym LVOTG (klidovy
102 mm Hg, 159 mm Hg po Valsalvové manévru), s dob-
rou ejek¢ni frakci levé komory. Dne 31. 5. 2019 pacient
podstoupil diagnostickou koronarografii v rdmci vylouce-
ni ischemické choroby srdecni, kde byly invazivné zmére-
ny LVOTG - klidovy 40 mm Hg, po Valsalvové manévru
85 mm Hg, po komorové extrasystole 105 mm Hg. Ramus
septalis levé koronarni tepny, jehoz okluze je podkladem
ASA, byl gracilni, nicméné relativné vhodny k provedeni
alkoholové septdlni ablace. Pfes veskerou farmakologic-
kou lécbu dochazelo ke zhorsovani funkéniho stavu pa-
cienta, progresi dyspnoe do funk¢ni tiidy NYHA I, proto
byla pacientovi navrZzena nefarmakologicka invazivni lé¢-
ba pomoci alkoholové septdlni ablace. Pacient byl pred-
veden na indika¢ni komisi nasi kardiologické kliniky a na-
sledné u néj byla indikovdna alkoholova septdlni ablace.
Vykon byl proveden 17. 9. 2019, alkoholova septalni abla-
ce s uzavérem ramus septalis 2 byla provedena s dobrym
efektem, bezprostifedné po okluzi tepny byly méreny tyto
tonometrické parametry — LVOTG v klidu 38 mm Hg, po
komorové extrasystole 90 mm Hg, pfi Valsalvové manévru
70 mm Hg. Béhem vykonu byl pacient pod echokardio-
grafickou kontrolou, kde pred ASA byl popsan vyrazny
SAM, tloustka septa do 20 mm, dobra systolicka funkce
LK, difuzni hypertrofie, pfi echokardiografii po podani
kontrastni latky do ramus septalis pfi ASA byla zazname-
nana pfitomnost kontrastu selektivné v midseptu smérem
k bazi, samotna baze septa byla bez kontrastu, pfi insuf-
laci balonku bylo po chvili patrné zlepseni ve smyslu po-
klesu gradientu. SAM byl méné vyrazny, klidovy gradient
do 25 mm Hg. Pacient byl po vykonu stabilni, hospitalizo-
vdn a monitorovan na nasi klinice celkové od 17. 9. do 22.
9. 2019. Pfed dimisi byla provedena kontrolni echokar-
diografie, kde se zobrazovala tézka hypokineze bazalni
¢asti IVS, SAM s dotykem septa v oblasti $lasinek, mitralni
regurgitace jen stopova a opétovné vysoky dynamicky
klidovy LVOTG 100-110 mm Hg, po Vaslalvové manév-
ru 115 mm Hg, celkovy efekt alkoholové septdlni ablace
byl uzaviran jako pouze prfechodny, pravdépodobné pro
suboptimalni anatomii koronarnich tepen. Dale byla po
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Obr. 1 - Klidovy LVOTG. LVOTG - gradient ve vytokovém traktu levé komory.

Obr. 2 - AVB Il. stupné 2 : 1 - intrakardialni EKG. AVB - atrioventrikuldrni blokada.

ASA nové na EKG zachycena blokada pravého Tawarova
raménka (RBBB). Pacient byl propustén ve stabilnim sta-
vu do ambulantni péce. Dne 14. 2. 2021 byl pacient na
kontrolni echokardiografii, kde perzistoval vysoky LVOTG
az 127 mm Hg (obr. 1), subjektivné pretrvavala vyrazna
ndmahova dusnost i pfi chlzi po roviné, NYHA IlI-IV, pro-
to byla pacientovi navrzena endokardialni radiofrekvenc-
ni ablace septalni hypertrofie, se kterou souhlasil.

Dne 20. 5. 2021 byl pacient pfijat na arytmologické od-
déleni, a jesté v ten den podstoupil vykon. Na vstupnim
EKG byla atrioventrikularni blokdda (AVB) I. stupné s in-
tervalem PQ 240 ms, RBBB s QRS 160 ms.

Pfi katetrizaci byly do tfisel zavedeny dva 7F sheathy
a friditelny transseptalni sheath Agilis Large Curl (Abbott
Laboratories, Abbott Park, IL, USA) a do arteria femoralis
I. sin. 8F sheath. Poté byl zaveden diagnosticky katétr do
korondrniho sinu a dalsi katétr do hrotu pravé komory
a bylo provedeno zéakladni elektrofyziologické vysetre-
ni. Na intrakardidlnim EKG byly zaznamendny interva-
ly AH 120 ms, HV 30 ms, Wenckebachtv bod 135/min,
RBBB. Poté byla provedena transseptalni punkce a pomo-
ci fiditelného sheathu Agilis byl zaveden ablac¢ni katétr
TactiCath Quartz 75 (Abbott Laboratories, Abbott Park,
IL, USA). Retrogradné byl do levé komory (LK) zaveden
pigtail katétr Cordis se dvéma lumen (Langston Dual Lu-
men Catheters), s jehoz pomoci bylo provddéno invaziv-
ni méreni tlakd. Pramérny klidovy LVOTG pocitany ze tfi
hodnot byl 6,3 mm Hg, primérny LVOTG po komorové

extrasystole ¢inil 38,85 mm Hg a primérny LVOTG pfi Val-
salvové manévru dosahoval 3,9 mm Hg.

Pomoci abla¢niho katétru, za podpory 3D elektroana-
tomického mapovaciho systému EnSite Precision (Abbott
Laboratories, Abbott Park, IL, USA) a intrakardialniho ul-
trazvuku byla vytvofena anatomickd mapa LK se zndzor-
nénim hypertrofického septa. Poté byl mapovan a ozna-
Cen prevodni systém a hranice ztlusténi septa s maximem
v blizkosti predniho cipu mitrdlni chlopné s patrnym SAM.
Pfevodni systém byl vyznacen v anatomické mapé body,
aby se predeslo jeho poskozeni. Radiofrekvencni ablace
(RFA) byla zahajena ve stfedni ¢asti ztlusténi IVS v dosta-
tecné vzdalenosti od prevodniho systému. Béhem RFA po
6,7 s doslo ke vzniku chvilkové AVB lll. stupné s pauzou
3 s, poté se porucha AV vedeni stabilizovala do AVB II.
stupné 2 : 1 (obr. 2), zpocatku 20 s morfologicky RBBB
+ levy prfedni hemiblok (LAH), pak stabilizace do RBBB +
levy zadni hemiblok (LPH), pouze po komorovych extra-
systolach byly patrné jednotlivé prevedené stahy s RBBB +
LAH. Poté byla provedena druha RFA, po 4 s doslo k pro-
dluzovani AV intervalu (obr. 3) az AVB Il. stupné 2 : 1 se
zménou morfologie komplexu QRS z RBBB + LPH na RBBB
+ LAH. RFA byla po 12 s ukoncena. Po 50 s doslo k navratu
morfologie komplexu QRS zpét na morfologii RBBB + LPH
pfi trvajici AVB Il. stupné 2 : 1. Po salvach KES pfi mani-
pulaci katétrem v komore dochazelo k opakovanym zmé-
nam morfologie z RBBB + LPH na RBBB + LAH a zpét (obr.
4). Béhem nékolika minut doslo k ¢astecné upravé poru-



70

Raritni porucha rytmu u pacientd s HOKMP

Obr. 3 - Postupné prodluzovani AV intervalu béhem RFA - intrakardialni EKG. AV - atrioven-
trikularni; RFA - radiofrekven¢ni ablace.
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Obr. 4 - Stfidani RBBB + LPH a RBBB + LAH pfi AVB II. stupné - povrchové EKG. AVB - atrio-
ventrikuldrni blokéda; LAH - levy pfedni hemiblok; LPH - levy zadni hemiblok; RBBB - bloka-
da pravého Tawarova raménka.

Obr. 5 - Vysledny gradient po RFA 3,1 mm Hg. RFA - radiofrekvencni ablace.

Obr. 6 - EKG po vykonu RBBB s LPH a AVB I. stupné. AVB - atrioventrikularni blokada; LPH —
levy zadni hemiblok; RBBB - blokada pravého Tawarova raménka.
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Obr. 7 - Klidovy LVOTG po vykonu. LVOTG - gradient ve vytokovém traktu levé

komory.

chy AV vedeni a do konce vykonu trvala AVB Il. stupné
Wenckebachova typu 3 : 2 s alternujici bifascikularni blo-
kddou charakteru RBBB + LPH a RBBB + LAH. Po 15 min
cekani bylo zachyceno intermitentni zlepseni AV vedeni
charakteru AVB I. stupné s bifascikularni blokddou RBBB
+ LPH. Poté bylo provedeno kontrolni méreni gradientu
— klidovy LVOTG 3,1 mm Hg, po komorové extrasystole
84,4 mm Hg (obr. 5). Vzhledem k riziku vzniku trvalého
poskozeni atrioventrikularniho vedeni byl po sezname-
ni pacienta s riziky vykonu a zvadZzeni symptomatologie
vykon ukoncen. Po vykonu byl pacient hemodynamicky
stabilni, bez zachytu dalsich arytmii, byl propustén do
ambulantni péce druhy den. Béhem nasledujicich hodin
doslo k restituci AV vedeni, druhy den réno, 12 hodin po
vykonu byl na povrchovém EKG sinusovy rytmus s AVB
I. stupné a RBBB bez prevodni poruchy vyssiho stupné
(obr. 6).

Dne 4. 9. 2020 pacient absolvoval kontrolni echokar-
diografii, kde doslo k snizeni LVOTG na 43 mm Hg v klidu,
provokovaného na 92 mm Hg se subjektivnim zlepSenim
stavu, naddle je pravidelné sledovan v ambulanci srdec-
niho selhdni. Od vykonu absolvoval jiz pét kontrol, kde
aktudlné perzistuje klidovy LVOTG 67 mm Hg (obr. 7) a na
24hodinové EKG holterovské monitoraci je zachycen si-
nusovy rytmus s AVB I. stupné, bez AV blokady vyssiho
stupné, bez vyznamnych pauz. Opakované byly zachyce-
ny komorové extrasystoly i s krdtkym béhem nesetrvalé
komorové tachykardie do Sesti komplext QRS.

Diskuse

Cilem nasi kazuistiky bylo popsat raritni prevodni poruchy
zaznamenané béhem vykonu u pacienta podstupujiciho
ERASH. Vsechny intervencni vykony redukujici septalni
hypertrofii jsou zatizeny rizikem vzniku poruchy AV pre-
vodu vyssiho stupné. U chirurgické septdlni myektomie je
uvadéna nutnost implantace kardiostimulatoru 4 %.5
Vznik AV blokady vy$siho stupné po ASA je popsan v li-
teratufe u 12 % pacientd — multicentricka studie EURO
ASA registr.” U pacientd podstupujicich ERASH z dosud
publikovanych studii potfebovalo trvalou kardiostimu-
laci 8 % pacientd, nicméné soubor pacientl podstupuji-
cich ERASH je zatim relativné maly, doposud publikované

studie zahrnuji celkem 100 pacientt. Charakter vykonu
s moznosti lokalizace prevodniho systému pfi mapovani
LVOT davé predpoklad nizsiho rizika poskozeni AV pre-
vodu. Nejvétsi incidence trvalé AV blokady byla zazname-
nana ve studiich, které zahrnovaly pacienty s predchozi
ASA, nicméné ne ve viech téchto retrospektivnich stu-
diich je mozné explicitné dohledat, zda AV blokady vyssi-
ho stupné souviseji s pfedchozi ASA. Z téchto dat a z nasi
zkudenosti s nasim souborem pacientd podstupujicich
ERASH vyplyva, Ze pacienti po predchozi ASA s preexistu-
jici RBBB maji vyssi riziko kompletni AV blokady.

Zavérem je potreba zminit, Ze s dostupnosti mavacam-
tenu, nového inhibitoru myozinu zaméreného na zaklad-
ni pfi¢cinu mnoha symptoma souvisejicich s HKMP, se far-
makologicka lé¢ba této choroby stava ucinnéjsi, proto je
do budoucna mozné ocekavat sniZzeni cetnosti nutnosti
intervencni |écby pacientt s HOKMP.

Zaveér

Endokardidlni radiofrekvencni ablace mezikomorového
septa u pacientld s hypertrofickou obstrukéni kardiomyo-
patii se jevi jako proveditelnd, bezpecna a U¢innd metoda
lécby obstrukce u téchto pacientl. Nicméné je nutna vy-
soka opatrnost pfi ablaci hypertrofického septa v blizkosti
pfevodniho systému vzhledem k vysokému riziku vzniku
AV blokady vyssiho stupné. Pacienti s blokddou pravého
Tawarova raménka po predchozi ASA se jevi jako subop-
timalni kandidati ERASH vzhledem k vysokému riziku
vzniku blokady levého Tawarova raménka béhem vykonu
ERASH a nasledné kompletni AV blokady. Pfi ERASH v te-
rénu predchozi ASA mohou vznikat bizarni poruchy AV
prevodu jako ve vySe popsané kazuistice.
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SOUHRN

Hypokalcemii indukované kardiomyopatie je vzacné, avsak zdvazné onemocnéni, narocné z hlediska dia-
gnostiky i 1é¢by. Tézka hypokalcemie na podkladé hypoparatyredzy mlze vyvolat vzacnou, nicméné poten-
cidlné reverzibilni, formu dilata¢ni kardiomyopatie. Tato kazuistika popisuje pripad 31leté Zeny se srdecnim
selhanim vyvolanym hypoparatyre6zou po tyreoidektomii. Pfes klasickou lé¢bu srdecniho selhani pretrvaval
u pacientky jeji zavazny stav az do Upravy hypokalcemie. Léc¢ba zahrnovala suplementaci kalcia a terapii
vedenou podle pfislusnych doporucenych postup(; nasledné doslo k vyznamnému zlepseni. Proto je pro
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komplikace.
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ABSTRACT

Hypocalcemia-associated cardiomyopathy, a rare but serious condition, presents challenges in diagnosis and
management. Severe hypocalcemia resulting from hypoparathyroidism can precipitate rare yet reversible
cases of dilated cardiomyopathy. This case report reported a 31-year-old woman with heart failure precipi-
tated by hypoparathyroidism following thyroidectomy. Despite conventional heart failure treatments, her
condition persisted until correction of hypocalcemia. Treatment involved calcium supplementation and gui-
deline-directed heart failure therapy. Significant improvement was observed then. Hence, monitoring serum
calcium levels is imperative when conventional heart failure therapies fail to yield improvement, particularly
in patients with a history of thyroidectomy. Sustaining clinical awareness and vigilance concerning hypocal-
cemia is crucial in managing heart failure, considering its possibility as a reversible cause.

Introduction

teins, facilitating contraction, and subsequent relaxation
occurs as calcium is reabsorbed into storage sites." Hypo-
calcemia, characterized with low levels of circulating cal-

Calcium plays a pivotal role in both systolic contraction
and diastolic relaxation of myocardium. Upon depolari-
zation, calcium influx via voltage-sensitive L-type calcium
channels initiates myocardial contraction, complemented
by calcium release from the sarcoplasmic reticulum. This
cascade of events involves calcium binding to specific pro-

cium, profoundly disrupts myocardial contraction, poten-
tially leading to ventricular dysfunction and subsequent
heart failure. Although hypocalcemia contributes to
cardiomyopathy, additional mechanisms underlying this
condition remain to be fully elucidated. Recent research
underscores the similar impact of vitamin D and parathy-
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Fig. 1 - Changes in the pre-treatment (A, B) and post-treatment (C, D).

Table 1 - Evaluated laboratory parameters

Parameters Normal range
Creatinine (mg/dL) 0.7-1.4
Albumin (g/dL) 3.2-55
Calcium (mg/dL) 8.5-10.5
Magnesium (mmol/L) 0.8-1.2

TSH (mIU/L) 0.5-5.0

QT interval (mS) 360-460
Ejection fraction (%) > 50

Pre-treatment Post-treatment (D + 4)

13 N/A
3.58 N/A
4.0 7.9
1.2 1.9
13.828 N/A
662 441
29.4 333

roid hormone (PTH) on myocardial function, suggesting
broader implications beyond calcium regulation.?

Dilated cardiomyopathy (DCM) is a cardiac condition
characterized by structural and functional abnormalities
in the heart muscle, unrelated to other etiologies. Vari-
ous factors can lead to DCM, including primary familial
causes and secondary factors like myocarditis, toxins,
autoimmune disorders, neuromuscular conditions, and
endocrine issues. Among these, hypocalcemia has been
identified as a reversible contributor to DCM.? Hypocal-
cemia-induced cardiomyopathy is typically character-

ized by a reduced ejection fraction (EF), often resistant
to conventional heart failure therapy regimens. Despite
resistance to conventional treatments, correcting the un-
derlying cause of low calcium levels can rapidly improve
the condition.>* In this paper, we present a case report
reporting heart failure precipitated by hypocalcemia,
concomitant with hypoparathyroidism. By elucidating
this case, we aim to advance understanding and refine
management strategies for similar clinical presentations,
contributing to prompt diagnosis and appropriate treat-
ment of this case.
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Case description

A 31-year-old woman presented to the emergency unit
with shortness of breath, accompanied with cramps and
body aches. She had a history of thyroidectomy for hypo-
thyroidism two years prior and cataract surgery one year
ago. During the physical examination, she weighed 80
kg and measured 156 cm in height. Her blood pressure
was 90/67 mmHg while on 50 pg of norepinephrine and
5 pug of dobutamine, with a heart rate of 71 beats per
minute. Fine wet crackles were noted in the basal third of
both lungs. The electrocardiogram examination indicated
a sinus rhythm at 73 beats per minute, slow R wave pro-
gression in leads V.-V, and a prolonged QT interval (QTc
with Bazett formula 662 ms).> Laboratory tests revealed
an HB level of 11.1 g/dL, creatinine at 1.3 mg/dL, albumin
3.58 g/dL, calcium at 4.0 mg/dL, magnesium 1.2 mg/dL,
TSH at 13.8 mIU/L, and FT4 at 0.94.

Treatment was initiated with norepinephrine 50 pg
and dobutamine 5 pg, raising her blood pressure to
105/57 mmHg. Parenteral calcium was administered
to address symptoms of hypocalcemia, along with cor-
rection for hypomagnesemia. After symptom improve-
ment, therapy was switched to oral calcium 3000 mg/
day and calcitriol 0.25 mg/day, and levothyroxine 250
mg/day was prescribed for her hypothyroidism. The
transthoracic echocardiogram (TTE) revealed reduced
left ventricular systolic function (ejection fraction with
Simpson’s biplane method 29.4%), global left ventricu-
lar hypokinesis, left ventricular dilation with eccentric
hypertrophy, diastolic dysfunction, and moderate peri-
cardial effusion. Treatment included spironolactone 50
mg daily, ivabradine 10 mg/day, and intravenous furose-
mide. Beta-blockers and ACE inhibitors/ARNIs were post-
poned due to ongoing support with norepinephrine and
dobutamine.

Four days later, her symptoms of dyspnea, cramps,
and aches had diminished following normalization of
her calcium levels, allowing cessation of norepinephrine
and dobutamine. Consequently, bisoprolol 2.5 mg/day
and ramipril 5 mg/day were introduced. A follow-up ECG
showed a sinus rhythm and a corrected QT interval of 441
ms, while a repeat echocardiogram showed an improve-
ment in ejection fraction to 33% and left ventricular sys-
tolic function nearing the lower normal limit.

Discussion

This case report highlights a case of reversible heart fai-
lure precipitated by hypoparathyroidism following thyro-
idectomy surgery. The patient exhibited rapid improve-
ment after receiving a combination of guideline-directed
medication of heart failure and calcium replacement.
Dilated cardiomyopathy (DCM) is a condition marked
by the enlargement and dilation of one or both ventricles,
coupled with reduced contractility, typically indicated by
a left ventricular ejection fraction (LVEF) under 40%.°
Causes of reversible DCM include alcoholism, postpartum
cardiomyopathy, and hypoparathyroidism.” Parathyroid
hormone (PTH) plays a crucial role in calcium homeosta-
sis, influencing bone resorption by osteoclasts, enhancing

intestinal calcium absorption, and activating vitamin D in
the kidneys. Additionally, PTH can exert a positive inotro-
pic effect on the heart by increasing myocardial contrac-
tion through the stimulation of B-adrenergic receptors
and promoting calcium influx into myocardial cells.® De-
ficiency in PTH, primarily resulting from surgical proce-
dures on the neck, can lead to hypocalcemia, which is the
most common cause of hypoparathyroidism. Other causes
include radiation therapy, autoimmune conditions, and
genetic mutations.® Severe and prolonged hypocalcemia
can impair myocardial contractions, potentially leading
to ventricular systolic dysfunction and heart failure with
reduced ejection fraction. Fortunately, DCM-related hy-
pocalcemia usually has a favorable prognosis, with systol-
ic function typically normalizing between three to twelve
months.2

Calcium also plays a fundamental role in myocardial
contraction, particularly intracellular calcium concentra-
tion. During the depolarization, activation of voltage-
sensitive L-type calcium channels facilitates calcium influx
into the cell, alongside contributions from exchanges
like Na+-Ca2+ exchange.' This influx triggers calcium
release from the sarcoplasmic reticulum, leading to cal-
cium binding with cytosolic buffers, notably troponin C,
activating myofilaments for contraction. Conversely, dur-
ing diastole or relaxation, the decline in intracellular cal-
cium concentration allows for calcium dissociation from
troponin C, halting contraction and enabling relaxation,
facilitated by various transporters." This intricate process
underscores the pivotal role of calcium in both systolic
contraction and diastolic relaxation of myocardium, with
hypocalcemia potentially precipitating severe cardiac dys-
function and heart failure. However, additional mecha-
nisms contributing to cardiomyopathy in hypocalcemia
remain unclear.™

In the case we present, the patient developed heart
failure symptoms due to DCM triggered by chronic,
untreated hypocalcemia following iatrogenic hypo-
parathyroidism from thyroid surgery. The combina-
tion of heart failure management and calcium sup-
plementation led to significant improvement in the
patient’s heart function and symptoms. Furthermore,
patients with chronic hypocalcemia may experience
non-specific symptoms such as fatigue, muscle weak-
ness, and cramps, complicating the diagnosis in the
absence of tetany. Notably, the presence of cataracts,
especially in younger patients, can also indicate hypo-
parathyroidism, underscoring the need for increased
vigilance among ophthalmologists for earlier diagno-
sis.”>' While acute coronary syndrome can manifest
similarly to heart failure with reduced EF, distinguish-
ing between the two is crucial. Typically, the diagnosis
is supported by changes in cardiac biomarkers."™ How-
ever, in our case, the improvement in left ventricular
EF following calcium therapy confirmed that the heart
failure was due to hypocalcemia rather than myocar-
dial infarction. Hence, calcium levels should always be
monitored in HF patients and the underlying causes of
low calcium levels should be investigated. Beyond the
guideline-directed medication of heart failure, it is cru-
cial to include calcium supplementation in the treat-
ment regimen of these patients.
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Conclusions

Severe hypocalcemia resulting from hypoparathyroidi-
sm can trigger an uncommon yet potentially reversible
case of dilated cardiomyopathy. This case report repor-
ted a 31-year-old woman with heart failure precipitated
by hypoparathyroidism following thyroidectomy. Despi-
te conventional heart failure treatments, her condition
persisted until correction of hypocalcemia. Treatment in-
volved calcium supplementation and guideline-directed
heart failure therapy. Significant improvement was then
observed. Hence, monitoring serum calcium levels is im-
perative when conventional heart failure therapies fail to
yield improvement, particularly in patients with a history
of thyroidectomy. Sustaining clinical awareness and vigi-
lance concerning hypocalcemia is crucial in managing he-
art failure, considering its possibility as a reversible cause.
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Kontext: Paroxysmalni supraventrikuldrni tachykardie (PSVT) je béZnou formou arytmie, ktera se ¢asto pro-
jevuje symptomy pfipominajicimi akutni korondrni syndrom (AKS).
Popis pfipadu: Popisujeme piipad 58letého muze s PSVT doprovazenou bolesti na hrudi a zvysenymi hodno-
tami troponinu naméfenymi vysoce senzitivni metodou (high-sensitivity troponin, hs-Tn). Koronarografické
vysetreni prokdzalo pomaly pritok krve korondrnimi tepnami v nepfitomnosti obstrukcniho postizeni. Pa-
cientovy symptomy vymizely spontanné a echokardiografické parametry mély pii jeho propousténi normalni
hodnoty.
Zavéry: Popisovany pripad ukazuje diagnostickou naro¢nost rozpoznavani AKS a upozoriiuje na prechodné
zvy$eni hodnot troponinu pfi PSVT, mozna v dUsledku ischemie myokardu na podkladé rychlé srdecni frek-
vence. Pfi rozhodovani o 1écbé, zvlasté v nepfitomnosti vyznamné ischemické choroby, je nezbytné opfit se
o klinické korelace a pouzit doplrikové diagnostické metody.
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ABSTRACT

Background: Paroxysmal supraventricular tachycardia (PSVT) is a common arrhythmia often presenting with
symptoms mimicking acute coronary syndrome (ACS).

Case presentation: We present a case of a 58-year-old man with PSVT accompanied by chest pain and ele-
vated high-sensitivity troponin (hs-Tn) levels. Coronary angiography revealed slow coronary flow in absence
of obstructive disease. The patient’s symptoms resolved spontaneously, and echocardiographic findings nor-
malized upon discharge.

Conclusions: This case underscores the diagnostic challenge of individuating ACS and highlights the transi-
ent troponin elevation seen in PSVT, potentially due to myocardial ischemia secondary to rapid heart rates.
Clinical correlation and adjunctive diagnostic modalities are crucial in guiding management decisions, espe-
cially in the absence of significant coronary artery disease.
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Background

Paroxysmal supraventricular tachycardia (PSVT) is one of
the most common tachyarrythmias and it encompasses
a heterogeneous group of arrhythmias with different
characteristics. It has a prevalence of 2.25/1000 and an
incidence of 35/100000 people per year;'* it is more com-
mon between the ages of 40 and 50 and predominantly
affects females. PSVT refers to a rhythm disorder origina-
ting above the His bundle, which typically causes heart
rates in excess of 150 per minute with regular and narrow
QRS complex. The symptoms it presents with are often
hardly distinguishable from acute coronary syndromes
and include palpitations, chest pain, dyspnea, exertional
intolerance, and syncope. The diagnosis is made through
the recording of a 12-lead electrocardiogram during the
arrhythmic episode.””"" It is generally a benign arrhythmia
that resolves after vagal maneuvers or pharmacological
therapy in most cases. The role of myocardial-specific
marker measurement, particularly troponin, is not entire-
ly clear. According to some studies, it has no correlation
with coronary artery disease (CAD) in patients without

cardiovascular risk factors, while it may indicate ischemic
events in patients previously undergoing revascularizati-
on procedures.'>?!

Case report

A 58-year-old man presented with palpitations and chest
pain for about two hours. Due to the persistence of sym-
ptoms, the patient contacted emergency services and
was taken to the nearest emergency department. The
patient’s medical history revealed hypertension, smoking
habit, and diabetes mellitus,?>% with no history of car-
diovascular diseases or prior revascularization. On arrival,
the patient’s vital signs were as follows: heart rate 150
bpm, oxygen saturation 96% with no supplementation of
oxygen, respiratory rate 21 breaths per minute. Physical
examination showed an accelerated but mostly regular
heart rhythm with no further abnormalities noted. A 12-
lead electrocardiogram showed atrial flutter with a ven-
tricular rate of 150 bpm and ventricular repolarization
alterations secondary to the high heart rate (Fig. 1).

Fig. 1= The ECG shows atrial flutter at a frequency of 150 bpm.

Fig. 2- (A, B) The image depicts coronary angiography revealing sluggish and delayed flow of contrast material
through the coronary arteries, characteristic of slow flow phenomenon. This phenomenon indicates impaired
perfusion despite the absence of significant obstructive lesions in the arteries and is associated with conditions

affecting coronary microcirculation.
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Fig. 3 - The figure illustrates the myocardial strain distribution represented as bull’s eyes during and after the episode of paroxysmal
supraventricular tachycardia (PSVT). (A) In the first image, the bull’s eye plot of global longitudinal strain (GLS) during PSVT reveals
regional abnormalities with decreased strain in the interventricular septum and lateral segments. (B) The bull’s eye plot of GLS after
resolution of PSVT, illustrates an improvement of strain in the interventricular septum and lateral segments. However, overall strain
value remains preserved due to the hyperkinesia of the segments caused by supraventricular tachycardia.

Hematological tests including complete blood count,
renal function, and myocardial-specific enzymes were
performed. An echocardiogram revealed alterations in
segmental kinetics and speckle tracking analysis showed
normal global longitudinal strain (GLS) with hyperkine-
sis of apical segments and reduced GLS at the interven-
tricular septum. The initial troponin Hs level was within
normal limits (TropHS 10 ng/dl), but a subsequent control
showed an approximately thirtyfold increase in the value
(TropHS 300 ng/dl). The patient subsequently underwent
coronary angiography, which showed no significant ob-
structive coronary artery disease but a condition of slow
flow in all epicardial vessels (Fig. 2).

Spontaneous cardioversion occurred, and chest pain
slowly subsided. Considering a CHA,DS,-VASc score >2,
long-term anticoagulant therapy was initiated. A follow-
up echocardiogram before discharge showed complete
resolution of segmental kinetic abnormalities, and GLS
analysis showed improved values in previously affected
segments but with slightly lower global strain values com-
pared to those during tachycardia (Fig. 3). The remaining
anti-ischemic therapy was intensified, a calcium channel
blocker and ranolazine were added for suspected micro-
vascular disease, and lipid-lowering therapy was adjusted
to achieve LDL targets. The patient experienced further
episodes of tachycardia, albeit at a reduced frequency,
and no further episodes of chest pain.'”:1827-3¢

Discussion

Paroxysmal supraventricular tachycardias are extreme-
ly common arrhythmias; the clinical presentation may
vary from asymptomatic or perception of palpitation to
severe chest pain or syncope. In the literature, there is
widespread consensus on the close correlation between
supraventricular tachycardia (SVT) and increased serum
troponin levels.?3® However, the mechanism underlying
troponin elevation in PSVT is not yet fully understood, but
there are several hypotheses.? The most widely accepted
mechanism is as follows: the increase in heart rate, even

exceeding 150 bpm, on one hand, leads to an increased
demand for oxygen, while on the other hand, it redu-
ces the diastolic phase of the cardiac cycle considerably
and coronary perfusion consequently. The mismatch be-
tween increased oxygen demand and reduced nutrient
supply leads to a transient condition of ischemia that can
result in oxidative stress, free radical release, cellular da-
mage, and subsequent troponin release. In fact, troponin
positivity has been reported in up to 30% patients with
PSVT.%-43 The transient increase in circulating myocardial
necrosis enzymes is often unrelated to evidence of signifi-
cant stenosis on coronary angiography and resolves once
sinus rhythm is restored. Unnecessary coronary angiogra-
phy carries potential risks and may add costs.*“® In fact,
in the retrospective study by Dorenkamp, troponin levels
were elevated in 14 out of 114 patients with PSVT. Out
of these, 13 underwent coronary angiography, with none
demonstrating significant coronary stenosis. According
to this study, a positive exercise stress test performed in
sinus rhythm was the best predictor of coronary artery
disease and subsequent revascularization.*” However,
pre-existing pathological conditions such as intermediate
stenosis or microvascular disease, which do not generate
symptoms at rest, can manifest during tachycardia.*® In
a study conducted by Ben Yedder et al. on 73 patients
with SPVT, one-third exhibited an elevation in troponin
levels. Among these patients, only one had a significant
coronary stenosis requiring revascularization interventi-
on.* In another retrospective five-year study conducted
by Huseyin Ede et al. involving 85 hospitalized patients
with supraventricular tachycardia (SVT) associated with
elevated high-sensitivity troponin, only two patients had
obstructive coronary artery disease. Both patients were
over 60 years old and had a high pretest probability of
coronary artery disease.” Therefore, although significant
coronary stenosis is uncommon in patients with PSVT,
a comprehensive history (including cardiac risk factors),
a physical examination and an interpretation of serial
electrocardiograms (with particular attention to markers
of myocardial ischemia, such as ST-segment depressions)
are required to detect such cases. While the correlation
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between troponin elevation and acute coronary syndro-
me remains unproven, several studies concur on the as-
sociation between elevated troponin levels during supra-
ventricular tachycardia and worsened prognosis, with an
increased risk of future mortality, myocardial infarction,
or hospital readmission.*

Conclusions

Troponin is a sensitive and specific biomarker of cardiac
damage and plays an important role in the diagnosis of
patients with acute coronary syndromes (ACS). A high tro-
ponin level however is not synonymous to ACS.>™ It is
known that troponin elevation can occur in various situa-
tions such as myocarditis, chronic kidney disease, anemia,
pulmonary embolism, stroke, sepsis, and not rarely, even
during high heart rates.*** Therefore, clinical correlation,
history, ST-segment changes on ECG, and segmental kine-
tics on echocardiography are useful.

Some authors argue that it is also useful to subject
the patient to coronary CT after arrhythmia resolution to
avoid invasive procedures,*® but the definitive test for di-
agnosing acute coronary artery disease remains coronary
angiography. Improvements in non-invasive diagnostic
techniques in the future will certainly lead to a more rap-
id and less invasive diagnosis.
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Uvod
Srdce sportovce se v mnohém lisi od srdce obvykle posu-
zovaného v kardiologické ambulanci. Pfedstavuje fyziolo-
gickou adaptaci srdce na intenzivni pohybovou aktivitu.
Adaptacni zmény srdce na trénink se ale mnohdy pre-
kryvaji s inicidlnimi fazemi rozvoje kardiomyopatii a in-
tenzivni sportovni aktivita s nedostatecnou regeneraci
na hranicich adaptability s tlakem na vysledky mize vést
k tvorbé arytmického substratu a spousténi arytmii, a tim
zvySovat riziko nahlé srde¢ni smrti. | sportovci s jiz dia-
gnostikovanym kardiovaskuldrnim onemocnénim chtéji
pokracovat ve sportovni aktivité.

Sportovni kardiologie se stara o sportovce-pacienty

a pacienty-sportovce ve ¢tyfech modelovych situacich:

1. Sportovni kardiologie fesi podezieni na kardiovasku-
larni patologii sportovce, kterd je odhalena pfi pre-
participacnim screeningu.

2. Vysetfeni symptomatického sportovce.

3. Diferencidlni diagnostika mezi adapta¢nimi zménami
a pocinajicimi kardiomyopatiemi.

4. Preskripce pohybu, volba vhodné sportovni aktivity
u sportovcd s diagnostikovanym kardiovaskularnim
onemocnénim.

Sportovni medicina a sportovni kardiologie je s ndmi jiz
od dob starého Recka, i kdyz jako podobor kardiologie se
zacala etablovat az koncem 20. stoleti.

Historie sportovni kardiologie

Za otce sportovni mediciny je povazovan Herodikus
z Thrékie (5. stoleti pf. n. I.), ktery byl spolu s Hippokra-
tem velkym propagdatorem pohybové aktivity. Ze stejné
doby se traduje i legenda o Feidippidovi, ktery dle legen-
dy bézel 42 km a 200 m z Maratonu do Atén a se slo-
vy: ,2vitézili jsme,” padl mrtev, zda pouhym vycerpanim
nebo na maligni arytmii, zlstane zahaleno tajemstvim.’

Feidippides byl vojak a také prvni oznaceni adaptac-
nich zmén na extrémni fyzickou zatéz bylo ,srdce vo-
jaka"”.2 Az v pozdéjsi dobé s rozvojem sportu se zacalo
pouzivat a vzilo se oznaceni atletické srdce (resp. srdce
sportovce). Pojem atletické srdce byl poprvé pouzit v roce
1899, kde Svédsky lékar Salomon Eberhard Henschen po-
psal dilataci a hypertrofii srdce jakoZzto adaptacni zmény
na sportovni aktivitu.?

Za prelomovou lze z pohledu sportovni kardiologie
vnimat 16. konferenci v Bethesdé konanou v roce 1985,
dale o 20 let pozdéji vydané doporuceni ESC o zpUsobi-
losti k zavodnimu (vykonnostnimu/vrcholovému) sportu.
Vyznamny byl také vyvoj interpretace EKG u sportovce,
kde postupnym zprestiovanim hodnoticich kritérii se sni-

zila faleSna pozitivita na pfriblizné 2-3 % u poslednich,
tzv. International criteria.*

Sportovni kardiologie je mladou subspecializaci kar-
diologie. Prvni kongres zaméreny vyhradné na sportovni
kardiologii se konal v Rimé& koncem 70. let a navazalo na
néj zalozeni Italské spolecnosti sportovni kardiologie.

Az v roce 2002 byla oficialné ustanovena Pracovni sku-
pina sportovni kardiologie v rdmci Evropské kardiologic-
ké spolec¢nosti (ESC), ktera byla zafazena pod Pracovni
skupinu kardiovaskularni rehabilitace a zatézové fyziolo-
gie ESC.»

V Evropé byly a jsou na poli sportovni kardiologie ak-
tivni hlavné skupiny okolo prof. S. Sharma a A. Pelliccia.
V Itdlii D. Corrado zacatkem 90. let zfidil registr pripadu
nahlé srde¢ni smrti u sportovcd.

Sportovni kardiologie se v evropském kontextu etab-
lovala v ramci Evropské asociace preventivni kardiologie
jako jeji samostatna sekce. V tomto okamziku ma vlastni
vzdélavaci curriculum® a od roku 2020 i vlastni doporuce-
né postupy.’

Ve Spojenych statech americkych vznikla Sekce cvi¢eni
a sportovni kardiologie pfi American College of Cardio-
logy (ACC) v roce 2011.8°

Sportovni kardiologie v Ceské republice

Hodnoceni kardiovaskularniho systému (minimalné klido-
vé srdec¢ni frekvence a zméreni krevniho tlaku) bylo sou-
Casti télovychovnych prohlidek jiz dlouho. Od roku 2005
je kardiovaskuldrni screening soucasti sportovni prohlid-
ky sportovce, kde rozsah a kompetence jsou definovany
ve vyhlasce 391/2013 Sb. (vyhlaska o zdravotni zpUsobilos-
ti k télesné vychové a sportu).

Sportovni kardiologie se zacala objevovat na worksho-
pech, v jednotlivych sdélenich a sekcich na kongresech,
napf. blok sportovni kardiologie na kongresu Ceské spo-
le¢nosti télovychovného Iékafstvi v Ostravé v roce 2017.

V roce 2018 se konal v Praze Workshop sportovni kar-
diologie jako jeden z prvnich cele vénovanych sportovni
kardiologii. Workshop pokracoval jesté o rok pozdéji pa-
ralelné se sympoziem Srdce a sport, konanym v Ostravé.
Od roku 2020 se sympozium Srdce a sport kona kazdoroc-
né a neprerusila jej ani covidovd pandemie.

Okolo kardiologt a télovychovnych lékafl se zdjmem
o sportovni kardiologii vznikla v rdmci Ceské spole¢nosti
télovychovného lékafrstvi Pracovni skupina sportovni kar-
diologie v roce 2019. O rok pozdéji v ramci nové vznikaji-
ci Ceské asociace preventivni kardiologie rovnou vznikla
Sekce sportovni kardiologie. Obé tyto sekce/pracovni sku-
piny spolu spolupracuji a snazi se pole sportovni kardiolo-
gie propojovat mezi kardiology a télovychovnymi Iékafi.
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Obr. 1 - Aktudlné fungujici centra sportovni kardiologie.

Organizace sportovni kardiologie v CR
V ndvaznosti na odborné skupiny sportovni kardiologie
vznikla pfi komplexnich kardiocentrech v roce 2020 jako
pilotni projekt ctyfi centra sportovni kardiologie pro
dospélé sportovce: v Komplexnim kardiocentru v Podle-
si-Tfinci, ve Fakultni nemocnici Olomouc, VSeobecné fa-
kultni nemocnici v Praze a pro détské sportovce pfi Dét-
ském kardiocentru Fakultni nemocnice v Motole v Praze
(viz obr. 1).

ProtoZe se centralizovana péce osvédCila i pfi péci
o vykonnostni a vrcholové sportovce, byly vypracovany
podminky pro vznik dalSich center, které predkladame
v tomto Cisle Cor et Vasa. Snahou je, aby byla zajisténa
odpovidajici uroverni péce (znalosti nejen z kardiologie,
ale i télovychovného lékafstvi a zatéZzové fyziologie).

Kardiologickd péce o sportovce by méla byt stratifi-
kovana, kde primarni péci zajistuje prakticky lékaf nebo
prakticky Iékarf pro déti a dorost spolu s télovychovnym
lékarem. Zakladni kardiologické vysetfeni sportovce
spadd do kompetence ambulantnich kardiologd. Cen-
tra sportovni kardiologie pak maji roli superkonziliar-
ni. V centrech sportovni kardiologie by pak mélo byt
dostupné i erudované multimodalitni zobrazeni (mag-
netickd rezonance srdce, CT koronarografie, zatézova
echokardiografie apod.), zaroveri by méla byt zajisténa
spoluprace s klinickym genetikem s dostate¢nou erudici
v interpretaci i hrani¢nich vysledktd. Dulezitym aspektem
je také vzajemnad spoluprace a konzultace hrani¢nich pfi-
padd, zejména u vrcholovych sportovcu, kterych s kardio-
vaskularnimi problémy nastésti v Cesku neni mnoho.

Vyhled do budoucna

Po pilotnim UspéSném ovéreni a pfijeti fungovani center
sportovni kardiologie by bylo dobré, kdyby sportovné-
kardiologicka péce byla dostupnd rovnomérné po celé
Ceské republice. IdeéInim stavem by bylo v kazdém kraji
po jednom centru sportovni kardiologie, které by tésné

spolupracovalo s komplexnim kardiocentrem a mélo
vytvorenou sit spolupracujicich ambulantnich kardiologt
a télovychovnych lékarua.

Na poli sportovni kardiologie vyvoj sméfuje od binar-
niho rozhodovani schopen/neschopen zdvodniho sportu
k mnohem Sirsi paleté moznosti a rozhodovani s ¢im dal
vétsi vahou nazoru sportovce/pacienta. To ale také vyza-
duje dostatek zku3enosti a centralizace sportovnékardio-
logické péce by k tomu méla napomoci.
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Poslani center sportovni kardiologie: zajisténim terciarni
superkonzilidarni komplexni kardiologické péce o sportov-
ce snizovat riziko zdravotnich komplikaci sportovct.

Vize center sportovni kardiologie

Existujici ndrodni sit center sportovni kardiologie zajistu-
je adekvatni diagnosticko-terapeutickou péci o sportovce
v oboru kardiologie a prispivd ke komplexni posudkové
péci o sportovce. Tato sit navazuje na ploSnou préci prak-
tickych a télovychovnych lékard a jejich spadovych kar-
diologu.

Duavody pro vznik/existenci center sportovni

kardiologie

* Dlouhodobé se zvySuje pocet jedincd ve spolecnosti,
ktefi se vénuji sportovni/zdvodni ¢innosti intenzivné.

e Existuji védecka data potvrzujici pozitivni pfinos pohy-
bové aktivity a je tfeba ji systematicky ve spolecnosti
podporovat.

® Nahla srdecni smrt je u vysoce aktivnich sportovcu cas-
t&jSi nez u rekreacné sportujici ¢i nesportujici verejnosti,
a proto je legislativné zakotveny systematicky preparti-
cipacni screening.

e Preparticipacni screening, stejné tak jako periodicka re-

evaluace zdravotniho stavu sportovce, vede k identifi-

kaci jedinct, ktefi vyzaduji nasledné kardiologické do-
feseni.

Kardiologicka péce o sportovce je specifickd existenci

zmén kardiovaskularniho aparatu vlivem dlouhodobého

tréninku. Ty mohou imitovat kardiovaskularni onemoc-
néni. Sportovec pak muaze byt zbytecné zbaven zpUso-
bilosti ke sportovni ¢innosti. Neadekvatni vyhodnoceni
zmén kardiovaskuldrniho apardtu sportovce, jako zmé-
ny ndlezejici atletickému srdci, mdze naopak sportovce
vystavit riziku vaznych zdravotnich komplikaci ¢i smrti.

Kardiolog oSetfujici sportovce pak musi byt nutné

specificky znaly kardiovaskuladrni problematiky sportov-

ch. Zvlasté pak indikace a interpretace diagnostickych
postuptli u sportovct — EKG i zobrazovacich metod.

V intenzivni sportovni/zavodni ¢innosti je mozné pokra-

Covat u nékterych kardiovaskuldrné nemocnych spor-

tovcl. Znalost problematiky zpusobilosti k sportovni

¢innosti je dulezitou komponentou znalosti kardiologa
pecujiciho o sportovce.

Preskripce kardiovaskuldrnich farmak se u sportovcu

fidi nejen zdkladnim onemocnénim, ale volba pfipravkd

mUze byt ovlivnéna i jejich ucinky na sportovni vykon

a antidopingovymi piedpisy.

Organizace kardiologické péce o sportovce
e Kardiologickd péce o sportovce by idealné méla byt troj-
stupnova

1. stupen — télovychovny lékar / prakticky lékaF

2. stupen — sportovni kardiolog (spolupracujici s cent-
rem sportovni kardiologie)

3. stupen — centra sportovni kardiologie

e Sportovni prohlidky a zakladni vysetfeni symptomatic-
kého sportovce jsou v gesci registrujicich praktickych
lékard a praktickych Iékard pro déti a dorost nebo télo-
vychovnych lékarua. V jejich gesci je i rutinni prepartici-
pacni screening véetné rutinniho EKG u vykonnostnich
a vrcholovych sportovcd.

e \/ pfipadé zjisténé patologie kardiovaskuldrniho systé-
mu je indikovano kardiologické vysetfeni sportovnim
kardiologem, idealné spolupracujicim s centrem spor-
tovni kardiologie nebo pfimo v centru sportovni kardio-
logie.

e Centra sportovni kardiologie plni funkci superkonzilidrni.

Zarazeni do sité center sportovni kardiologie

O schvaleni statutu centra sportovni kardiologie, a tim
i 0 zafazeni do sité center sportovni kardiologie je mozné
zadat soubézné vybor Ceské spole¢nosti télovychovného
lékaFstvi (CSTL) a Ceské asociace preventivni kardiologie
(CAPK) Ceské kardiologické spole¢nosti (CKS). Zadatel
Cestnym prohlasenim potvrdi spInéni minimalnich perso-
nalnich a pfristrojovych pozadavkd. K tomuto cestnému
prohlaseni je pripraveny oficidlni formular. K zarazeni do
sité je nutnd kontrasignace obou vyse zminénych spolec-
nosti. Seznam center je uveden na webu CSTL a na webu
CKS (pod sekci Sportovni kardiologie Ceské asociace pre-
ventivni kardiologie).

Pracovisté sportovni kardiologie
e Napln prace
° Sportovnékardiologické vysetfeni sportovce — super-
konzilidrni sluzba.
° Poradni sluzba pro ucely sportovnich prohlidek.
° Dlouhodoba kardiologicka dispenzarizace sportovct
s kardiovaskularnim onemocnénim (arteridlni hyper-
tenze, mélo vyznamné chlopenni vady apod.) nevyzZa-
dujici specializovanou centrovou péci.
e Personalni zajisténi
° Kardiolog s erudici ve sportovni kardiologii
° Stfedni zdravotnicky personal
¢ Technické vybaveni
° EKG
° Ergometrie
° Echokardiografie
° EKG holterovské monitorovani
° 24hodinové monitorovani krevniho tlaku

Centra sportovni kardiologie
e Napln prace
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° Sportovnékardiologické vysetieni sportovce — super-
konziidrni sluzba

° Posudkova ¢innost ,,ZpUsobilost ke sportu z kardiolo-
gického hlediska”

° Dlouhodoba kardiologicka dispenzarizace sportovcu
s kardiovaskularnim onemocnénim

° Edukace odborné verejnosti ve sportovni kardiologii

° Védecko-vyzkumna ¢innost

¢ Persondlni zajisténi — minimalni

° Kardiolog s erudici ve sportovni kardiologii

° Télovychovny lékar

° Stfedni zdravotnicky personal

¢ Persondlni zajisténi — fakultativni
° Psycholog — pomoc pfi vyporadani se s ukoncenim ka-
riéry pfi diagndéze napf. arytmogenni kardiomyopatie
° Fyzioterapeut
° Nutri¢ni terapeut / specialista
° Klinicky genetik

¢ Technické vybaveni - moZno mit nasmlouvano
° EKG
° Ergometrie
° Spiroergometrie
° Zakladni spirometrie
° Echokardiografie
° Zatézova echokardiografie nebo jina metoda zatézové
zobrazovaci metody (napf. SPECT)

° EKG holterovské monitorovani / EKG monitorovani
° 24hodinové monitorovani krevniho tlaku

° CT srdce / CT koronarografie

° Magneticka rezonance srdce

° Katetriza¢ni sal invazivni kardiologie

° Elektrofyziologicky sal
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Zemfrel prof. MUDr. Jiii Fodor, CSc., FRCPC, FAHA (28. 10. 1927-10. 12. 2024)

10. prosince se uzavrel bohaty Zivot profesora Jifiho Fodo-
ra, vyznamného epidemiologa kardiovaskuldrnich chorob
a preventivniho kardiologa, ktery stravil vétSinu svého pro-
fesniho zZivota v Kanadé.

Jifi Fodor se narodil 28. fijna 1927 v UZzhorodé v rodiné dob-
fe situovaného madarského obchodnika se dfevem. Vyrastal
ve ¢tvrti Mala Praha, kde bydlela vétina ¢eskych uredniku teh-
dejiiho Ceskoslovenska a od jejich déti se JiFi naucil dobre ¢es-
ky jiz v pfedskolnim véku. Rodi¢e mu prokazali velkou sluzbu,
nebot ho dali zapsat do ¢eské Skoly. Tim si oviem znepfratelili
na zbytek Zivota své madarské pribuzné. ProtoZe se ozZenil az
v pozdéjsim véku, mél ke svym rodicim velmi uzky vztah. Jeho
otec byl i pfedmétem vydirani tehdejsi StB a matku vzal Jifi
pozdéji, po otcové smrti, s sebou do emigrace.

Po maturité na gymnaziu v Michalovcich se rozhodl stu-
dovat medicinu na Karlové univerzité v Praze (1946-1951).
Po promoci pracoval nejprve v Ustavu patologické fyziolo-
gie UK u prof. Hepnera. Na pozvani profesora Fejfara presel
v roce 1952 do tehdejsiho Ustavu pro choroby obéhu krevni-
ho v Praze-Krci. Pracoval ve skupiné pro vyzkum ateroskleré-
zy a publikoval prvni prace o endogennim heparinu a vlivu
na tzv. clearing factor, ktery byl pozdéji nazvan lipoprotei-
novou lipazou. Jiz tehdy se zabyval otédzkou postprandialni
lipemie, které je v posledni dobé opét vénovana pozornost.

Na popud profesora Fejfara presel od patofyziologie
k epidemiologii kardiovaskularnich chorob, nové vznikajici
védni discipliné. Zasadni vyznam pro né&j mélo stipendium
Svétové zdravotnické organizace (WHO) na Jamajce v Epi-
demiologické jednotce Britské vyzkumné rady W. Mialla
(MRC Epidemiological Research Unit). Po ndvratu z Jamajky
inicioval epidemiologické studie v Praze 2 a 4 (spolu s Hele-
nou Geizerovou a Zderkem Hejlem). Rovnéz proved| srov-
navaci studii s Gdteborgem (publikovano ve Svédsku). Kon-
takty ziskané na Jamajce vedly i k tomu, Ze Praha pfistoupila
ke znamé studii WHO s klofibratem (WHO Cooperative Trial
on primary prevention of ischaemic disease using clofibra-
te to lower serum cholesterol: mortality follow-up, Lancet
1980;2(8191):379-385).

V pohnutych srpnovych dnech roku 1968 Jifi Fodor opustil
Ceskoslovensko. Jeho cesta vedla nejprve do Vidné a pozdé-
ji do Goteborgu, kde pracoval spole¢né s Larsem Werkd na
prvnim registru infarktu myokardu ve Svédsku. V roce 1971
pfijal nabidku z Kanady a stal se jednim ze spoluzakladate-
10 nové lékarské fakulty v hlavnim mésté nejvychodnéjsi ka-
nadské provincie St. John’s, Newfoundland. Kromé vyuky na
Iékarské fakulté (v letech 1981-1994 zastaval funkci prodéka-
na) se vénoval i vyzkumu. Jako prvni zahdjil v Kanadé epide-
miologické studie hypertenze a ICHS. Zalozil a stal se prvnim
prezidentem Canadian Hypertension Society. Rovnéz zalozil
a byl prvnim predsedou Canadian Coalition for High Blood
Pressure Prevention and Control. Jifi Fodor prosadil sepsani
prvnich kanadskych guidelines pro |é¢bu hypertenze. Pozdéji
inicioval i prvni kanadska lipidova guidelines a organizoval
narodni edukacni kampari pro lécbu dyslipidemie.

V roce 1994 se Jifi Fodor prestéhoval do Ottawy, kde az
do svého odchodu do dichodu (2014) zastaval misto fedi-
tele vyzkumu v Centru prevence a rehabilitace Ottawského
kardiologického ustavu (Ottawa Heart Institute). V obdobi
poslednich 20 let byl hlavnim investigatorem rady mezina-
rodnich projektt orientovanych na prevenci kardiovaskular-
nich chorob ve stfedni a vychodni Evropé a také hlavnim in-
vestigatorem multicentrické, randomizované klinické studie
HOPE TOO v Ottawa Heart Institute.

Po roce 1989 se mu podafilo navazat kontakty v Cechach
i na Slovensku a byval ¢astym hostem na nasich akcich. Ja jsem
méla moznost pracovat pod jeho vedenim jako postdoctoral
fellow déle nez dva roky na Memorial University v St. Johns'.
Od té doby nas pojilo uzké pratelstvi s jeho rodinou.

Pro svou laskavost a osobity humor se Jifi tésil velké obli-
bé u svych studentt a kolegt. Byl oddan své profesi.

Od roku 2015 zil Jifi Fodor se svou manzelkou v Praze.
S nadhledem pozoroval politické déni u nds i ve svété. Stale
si udrzoval prehled o nejnovéjsich klinickych studiich v ob-
lasti hypertenze a kardiovaskularni prevence. Hodné cetl
a uzival si kulturnich a gastronomickych nabidek Prahy. Az
do pozdniho véku si zachoval svij osobity humor.

Za zasluhy o prevenci kardiovaskularnich chorob obdrzel
ceny Kanadské spolecnosti pro hypertenzi National Health
Scientist Award a Distinguished Scientist Award a Segal
Award za zasluhy o prevenci kardiovaskuldrnich chorob
udélenou Canadian Cardiovascular Society. V roce 2001 se
Canadian Coalition for High Blood Pressure Prevention and
Control rozhodla vyhlasit ,,George Fodor Award” za zasluhy
o kontrolu hypertenze. Publikoval vice nez 250 praci a bylo
mu udéleno ¢estné ¢lenstvi Ceské spole¢nosti pro ateroskle-
rozu, Ceské spole¢nosti pro hypertenzi, Ceské kardiologické
spolecnosti, Slovenské kardiologické spole¢nosti a Sloven-
ské spolecnosti pro aterosklerézu.

Lou¢ime se s mimofadnou osobnosti ceskoslovenské
a kanadské preventivni kardiologie s diky za v3e, co pro ni
vykonal. Zaradil se mezi Uspésné absolventy Karlovy univer-
zity, ktefi se mezinarodné prosadili. Vzpomindme s uctou,
Cest jeho pamatce!

Prof. MUDr. Renata Cifkova, CSc.
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Cena: 799 Kc¢.

Recenzovand kniha je tfinactym dilem edice Etika a ko-
munikace v medicing, vydavané Ceskou lékaFskou ko-
morou. Stejné jako u predeslych dild jsou jejimi editory
t prof. PhDr. et PhDr. Radek Ptacek, Ph.D., MBA, a doc.
MUDr. Petr Bartinék, CSc. Bohuzel profesor Radek Ptacek
se vydani tohoto dilu nedozil.

Tento knizni cyklus byl vysoce hodnocen a ziskal mimo
jiné cenu rektora Univerzity Karlovy. Tak jako u prede-
Slych dild byl vybér nékterych kapitol prezentovan na
konferenci, ktera se konala 11. prosince 2024 v Domé |é-
kara v Praze.

Pfedmluvy napsali: Jeji Magnificence rektorka Univer-
zity Karlovy prof. MUDr. Milena Kralickova, Ph.D., dékan
1. lékarské fakulty Univerzity Karlovy prof. MUDr. Martin
Vokurka, CSc., prezident Ceské lékaFské komory MUDr.
Milan Kubek a editor doc. MUDr. Petr Barttinék, CSc.

Autory vybirali jesté oba editofi. Oslovili predevsim
nase Spickové odborniky. Obsah monografie tvofi 45 sa-
mostatnych kapitol rizného rozsahu. Psali je nejen lékari
rlznych obord, ale i psychologové, psychoterapeuti, etici,
biologové, filozofové, osoby cirkevni denominace, prav-
nici i laici.

Obsah je rozdélen do 3esti ¢asti. Prvni ¢ast je vénovana
Bolesti pohledem klinickych obort (128 s.), 2. ¢ast Bolesti
pohledem psychologie a psychoterapie (42 s.), 3. ¢ast Bo-
lesti pohledem etiky, bioetiky a biologie (66 s.), 4. ¢ast Bo-

Radek Ptacek, Petr Barttinék (editofri):
Bolest v mediciné

Praha, Grada Publishing a.s., 2024, 365 stran.

Vydani prvni, format 168 x 245 mm, pevna vazba, cernobily vytisk.
ISBN: 978-80-271-7667-0 (ePub).

ISBN: 978-80-271-7666-3 (pdf).

ISBN: 978-80-271-5562-0 (print).

lesti pohledem teologie (82 s.), 5. ¢ast Bolesti pohledem
pravnich véd (13 s.). Posledni, 6. ¢ast je vénovana Bolesti
pohledem publicistiky (12 s.). Textovou ¢ast uzavira dvou-
sloupcovy rejstrik (5 s.), cesky souhrn a anglické summary
(po 1 s.). Literatura (rdzné rozsahla i rdzné aktudlni) je
uvadéna za textovou <asti jednotlivych kapitol. Do tex-
tu je vloZzeno nékolik jednoduchych ¢ernobilych obrazkd
a nékolik tabulek.

Jednotlivé kapitoly jsou razné dlouhé, na rdzné od-
borné urovni, kterd zavisi na rozdilnych zkuSenostech
jednotlivych autord. Tematicky nemohly byt ani pfi 42 ka-
pitolach zcela vycerpany, ale zdsadni problematika byla
uvedena. Jako celek je publikace velmi kvalitni. Tato kni-
ha je posledni v edici Etika a komunikace v mediciné, vy-
déavané Ceskou lékafskou komorou po dobu 12 let. Bude
také soucasti materidld pro delegéty pfistiho celostatniho
sjezdu Ceské lékarské komory.

Komu knihu doporucit?
ProtoZze bolest mUze byt prdvodnim pfiznakem vétsiny
chorob, najdou v ni ,,své kapitoly” |ékafi témér vSech spe-

cializaci.

Prof. MUDr. Jan Petrasek, DrSc.,
Ill. interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecnd fakultni nemocnice v Praze,
e-mail: petrjanv@email.cz
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