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Szanowni Czytelnicy,

otwieramy rok 2023 pierwszym numerem czasopisma Folia Cardiologica, a w nim prace oryginalne, pogladowe
i kazuistyczne. Pierwsza kardiologiczno-ortopedyczng praca jest praca oryginalna Anny Szatek-Goralewskiej
i wsp. ,Influence of training and half marathon run on the right ventricle in amateur runners” pochodzaca
z Uniwersytetu Medycznego w Poznaniu, dotyczy oceny przebudowy serca u 0séb uprawiajacych amatorsko
biegi dtugodystansowe, co, jak wiemy, ostatnio stato sie nawet swego rodzaju moda, a na pewno jednym
z elementdw aktywnego spedzania wolnego czasu. Kolejna prace badawcza prezentujg autorzy z Kliniki
Kardiologii Uniwersytetu Medycznego w todzi — Carl Thaddaus Braun i wsp. w artykule ,The assessment
of right atrial function with the use of speckle tracking echocardiography” przedstawili wyniki oceny funkcji
prawego przedsionka za pomoca echokardiograficznej metody Sledzenia markerow akustycznych. Jak sie
okazuje, parametry deformacji prawego przedsionka stabo korelujg ze wskaznikami funkcji prawej komory,
co nakazuje poszukiwanie innych wskaZznikéw bedacych bezposrednimi barometrami funkcji prawej komory.

Zachecam Panstwa réwniez do lektury bardzo waznego i cennego opracowania pogladowego ,Iron deficiency, heart failure and cere-
brovascular events: what is the connection?”, w ktérym Phillip Kietbowicz i wsp. z Uniwersytetu Medycznego w Lodzi w zwigzly i obrazowy
sposoéb przedstawili zwiazki niedoboru zelaza z r6znymi patologiami w przebiegu niewydolnoSci serca. Praca pogladowa ,Coffee and lipid
profile: from theory to everyday practice” Stanistawa Surmy i wsp. afiliowanych w osrodkach katowickim, szczecinskim i warszawskim, dotyczy
nas wszystkich, bo przeciez bez porannej kawy wiekszoS¢ z nas nie wyobraza sobie rozpoczecia dnia. Czy wiec osoby z hipercholesterole-
mig powinny powstrzymacé sie od wypicia matej czarnej? OdpowiedzZ znajdziecie Pafstwo w artykule. Na koniec numeru cztery niezwykle
interesujace prezentacje przypadkow z osrodkéw katowickich, biatostockiego i todzkiego.

Zyczac mitej lektury, pozostawiam Paristwa z pierwszym numerem Folia Cardiologica w 2023 roku.

Redaktor Naczelna

prof. dr hab. n. med. Beata Wozakowska-Kapton

www.journals.viamedica.pl/folia_cardiologica
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Influence of training and half marathon run
on the right ventricle in amateur runners

Wptyw treningu i biegu potmaratonskiego na prawg komore u biegaczy amatorow

Anna Szatek-Goralewska'®, Rafat Dankowski'®, Wioletta Sacharczuk™®,
Stefan Ozegowski'®, Jedrzej Tschurl®®, Barbara Rabiega’, Andrzej Szyszka"

2" Department of Cardiology, Poznan University od Medical Sciences, Poznan, Poland
’Department of Spine Disorders and Pediatric Orthopedics, Poznan University of Medical Sciences, Poznaf, Poland

Abstract

Introduction. Endurance running may lead to heart remodelling. There are little data on the right ventricular (RV) chan-
ges in amateur athletes running shorter than marathon distances.

The study aimed to investigate whether training and running a half marathon affect the anatomy and function of the RV
in amateur runners and whether these changes affect the athlete’s competitive performance.

Material and methods. The study included 45 recreational runners with a mean age of 32.96 (5.12) years, 27 men.
Echocardiography was performed before the ten-weeks training period and before and after the half marathon run. The
morphological and functional parameters of the RV were analysed, including two-dimensional, Doppler and speckle-
-tracking echocardiography.

Results. In training period, the RV outflow tract (27.98 [5.46] vs. 30.07 [4.90]; p = 0.003) and the RV index of myocardial
performance (0.36 [0.29; 0.45] vs. 0.39 [0.33; 0.52]; p = 0.017) increased significantly and no changes were found for
E/e’. After the half marathon run, the absolute value of the RV free wall global longitudinal strain increased significantly
(-25.89 [3.08] vs. -27.20 [3.42]; p = 0.008). Athletes who trained more intensively during the training period achieved
significantly better half marathon results (r = -0.4; p < 0.05).

Conclusions. More enhanced physiological RV remodelling under exercise in amateur athletes results in better half
marathon finishing times. The preparation period and 21.0975 kilometres run do not affect the diastolic function of
the RV in recreational runners. The RV systolic function improves immediately after the half marathon performance.

Key words: amateur athletes, echocardiography, global longitudinal strain, right ventricle, right ventricular strain
Folia Cardiologica 2023; 18, 1: 1-9

Introduction competitions was observed. In the United States of Ameri-
ca, the number of half marathon finishers increased from
Regular physical activity carries several health benefits 612 thousand in 2004 to 2046.6 thousand in 2014 [2].

[1]. Among its many forms, running is one of the most Many participants are amateurs whose training program is
accessible forms of exercise. Over the last decades, not always properly set and supervised. Moreover, amateur
a major increase in interest in long-distance running and runners are not subject to obligatory medical examinations.

Address for correspondence: Anna Szatek-Goralewska MD, I Klinika Kardiologii Katedry Kardiologii, Uniwersytet Medyczny im. Karola Marcinkowskiego
w Poznaniu, ul. 28 Czerwca 1956 roku 194, 61-485 Poznan, Poland, e-mail: szalek.anna@gmail.com

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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This is a potential health threat, and recreational runners
are not always aware of the risk [3].

Intensive endurance exercise may lead to myocardial
remodelling [4]. There are numerous data concerning
sport-related cardiovascular changes in professional run-
ners [5-7], whereas the group of amateur athletes is stu-
died less likely [8]. Moreover, previous studies have mai-
nly assessed the influence of marathon distance running
(42.195 kilometres) on cardiovascular function. While nu-
merous studies have assessed several parameters of the
left ventricular (LV) function in recreational long-distance
running athletes [9], the influence of a half marathon run
(21.0975 kilometres) on the right ventricular (RV) function
remains unclear. Moreover, there is little data in the litera-
ture describing the influence of training on cardiovascular
function in amateur runners.

Echocardiography is a well-established technique in
the assessment of both the structure and function of the
RV. Moreover, the recent introduction of RV global longi-
tudinal strain (GLS) analysis expands the possibilities of
echocardiographic evaluation of the RV [10]. Compared to
magnetic resonance imaging, echocardiography requires
less time and resources. Therefore, it is particularly useful
in assessing larger groups of subjects and the parameters
that change quickly over time. It is especially important in
analysing post-exertional changes in amateur athletes.

This study aimed to evaluate the echocardiographic
changes of the RV during the training period and after par-
ticipating in the half marathon in amateur runners. It is hy-
pothesized that amateur training affects the structure and
function of the RV and that changes occurring during the
training influence the result of the planned competition.

Material and methods

Study participants and inclusion criteria

We designed a prospective study that involved amateur
runners preparing to participate in a half marathon run
(21.0975 kilometres). The inclusion criteria were as fol-
lows: age of 18-40 years, both sexes, and a minimum of
one previous start in a long-distance running competition
(= 10 kilometres). The athletes diagnosed with chronic
diseases — particularly cardiovascular conditions, such as
coronary artery disease, hypertension, arrhythmia, heart
failure, and valve abnormalities — were excluded from the
study. Each person was in sinus rhythm, normotensive, and
had no structural disease of the heart and no obstructive
or restrictive lung diseases. All the participants gave written
informed consent before enrolment.

Study protocol

Our study consisted of two stages and was conducted in
2019 and 2021 among amateur athletes preparing for
the 12" PKO Poznan Half Marathon in April 2019 and

for the 13" PKO Poznan Half Marathon in October 2021,
respectively. Participants were recruited via the online
application form posted on social media running forums.

Both recruitments were based on the same study pro-
tocol that involved three checkpoints. The first point (P1)
was conducted 10 weeks before the run, the second point
(P2) was carried out within 48 hours before the competi-
tion, and the third point (P3) was conducted within 48 hours
after finishing the run.

At each checkpoint, blood samples were collected and
a physical examination was performed, twelve-lead electro-
cardiogram and transthoracic echocardiography. No special
diet was recommended before any of the three checkpoints
of the study. Athletes were allowed to rehydrate as needed.
At each checkpoint, participants were anthropometrically
assessed — data on height, body mass, body mass index,
arterial blood pressure and heart rate were collected. All
participants were required to declare their regular training
intensity, expressed in kilometres per week.

The study protocol was approved by the Bioethics Com-
mittee of the Poznan University of Medical Sciences, Po-
land (No. 19/21) and was consistent with the Declaration
of Helsinki.

Echocardiographic assessment

We performed the transthoracic echocardiography using
commercially available ultrasound systems: Vivid E9 and
Vivid S7TON (GE Healthcare). All measurements were made
following the guidelines of the European Association
of Cardiovascular Imaging [11] in the lateral decubitus
position. Echocardiographic data were transferred and
analysed offline using EchoPAC software (GE Healthcare,
version 204).

We measured the proximal RV outflow tract (RVOT) in
the parasternal long-axis view (PLAX). RV basal diameter
and fractional area change (FAC) were assessed from an
RV-focused apical four-chamber view.

Early (E) and late (A) tricuspid inflow velocities and E/A
ratio are recorded using pulsed wave Doppler at the tricus-
pid leaflet tips. Using tissue Doppler imaging, RV lateral tri-
cuspid annulus velocity parameters were assessed: s’ wave
and e’ wave. E/e’ ratio was calculated.

The RV index of myocardial performance (RIMP) was
calculated based on time intervals measured with pulsed
wave Doppler, obtained from the lateral tricuspid annu-
lus. It was defined as the sum of the isovolumetric con-
traction time and isovolumetric relaxation, divided by the
RV ejection time.

The GLS of the RV was measured from the RV-focused
apical four-chamber view. The automated function imag-
ing application was used for the calculations [12]. After
selecting the optimal cardiac cycle, the operator selected
the region of interest by placing three points: 1 — on the
basal segment of the free wall of the RV; 2 — on the basal

2 www.journals.viamedica.pl/folia_cardiologica
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Figure 1. The right ventricular (RV) free wall global longitudinal strain (GLS). The RV-free wall was divided into three segments: basal,
midventricular and apical. The peak negative value was chosen as the RV free wall GLS; GS — global strain; FWS — free wall strain; TAPSE

— tricuspid annular plane systolic excursion

segment of the septum, and 3 — on the RV apex. The re-
gion of interest was selected with special attention to avoid
the inclusion of RV epicardium. Then, the concordance be-
tween visually assessed RV contractility and the RV endo-
cardial tracings was checked and corrected by the operator
if needed. The RV was divided into 6 standard segments:
basal, midventricular and apical for both —free and septal
walls [13]. The RV GLS was calculated for all the segments.
The peak negative curve was chosen as the RV GLS. The
RV free wall GLS was measured analogously and included
three free wall segments only (Figure 1).

Statistical analysis

Data analysis was conducted using the R package, version
4.0.5. Calculations are based on a significance level of
0.05. Data are presented as mean and standard deviation
(SD) or median (quartile 1 [Q1]; quartile 3[Q3]), depending
on data normality. The normality of distribution was verified
with the Shapiro-Wilk test, based on skewness, kurtosis
level, and visual assessment of histograms. Comparison
of parameters between time points (time point 1 vs. 0

and time point 2 vs. 1) was made with paired tests: t-test
or Wilcoxon test, as appropriate. Additionally, the mean
or median difference (MD) were calculated between time
points, including a 95% confidence interval. Correlation be-
tween variables was verified using Pearson’s or Spearman’s
correlation, as appropriate.

Results

Characteristics of the group
Characteristics of the study group are presented in Table
1. Of the 50 participants initially included, 45 runners
started the half marathon (10% drop) (Figure 2). The study
group consisted of 45 persons with a mean age of 32.96
(5.12) years, 18 (40%) were females, and 27 (60%) were
males. Each subject had prior half marathon experience
and a minimum of three years of regular running training
history. All starting participants finished the run.

The athletes were non-smokers, men and women
of normal weight (Table 1). The average weekly running
distance during the training period was 35.89 (17.78)
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Figure 2. Study participation diagram

Table 1. Study group characteristics

Characteristic 48 hours before the run (P2) 48 hours after the run (P3)

Pre-training period (P1)

Body weight [kg] 72.15 (12.80) 71.37 (12.11)* 71.39 (12.26)
BMI [kg/m?] 23.65 (2.92) 23.40 (2.74)* 23.41 (2.77)
Systolic blood pressure [mm Hg] 126.04 (16.57) 119.71 (12.74)* 117.67 (11.79)
Diastolic blood pressure [mm Hg] 68.96 (13.21) 68.58 (8.46) 68.00 (7.67)
Heart rate [bpm] 63.05 (7.61) 61.29 (10.31) 63.20 (12.32)
Training intensity [kilometres run/week] — 35.89 (17.78) -
Results of the Half Marathon, duration [min] 107.4 (15.75)

LVEF [%] 59.96 (5.20)

LA [mm] 31.87 (4.62)

MV E/A ratio 1.60 (0.46)

*p < 0.05; data presented as mean (SD); BMI — body mass index; LA — left atrium; LVEF — left ventricular ejection fraction; MV E/A ratio — transmitral E-wave/A-wave ratio

kilometres run per week. The average result of the half
marathon runners was 107.4 (15.75) minutes (1 h 47 min).
Dimensions of the LV, left atrium and LV systolic and dia-
stolic function at baseline were in normal ranges. LV eje-
ction fraction was normal.

Body weight and body mass index significantly decre-
ased during the training period (P1 vs. P2). The systolic
blood pressure decreased significantly during the training
period (P1 vs. P2 and P1 vs. P3). Diastolic blood pressure
and resting heart rate did not change during the study. The

left atrium dimension increased significantly during the tra-
ining period (P1 vs. P2). Mitral inflow velocities were normal
and did not change throughout the study.

Correlation between the training intensity
and the result of half marathon performance
Athletes who trained more intensively before the competi-
tion (according to the declared training intensity expressed
in kilometres run per week) achieved significantly better
half marathon results (r = -0,4; p £ 0.05) (Figure 3).
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Figure 3. Correlation between the intensity of training before the
half marathon run and the result of half marathon performance

Influence of training on echocardiographic
parameters of the right ventricle

RVOT dimension increased significantly during the training
period (Table 2). The training before the half marathon run
did not significantly impact the RV basal diameter, RV wall
thickness and RV FAC. No significant differences were found
between pre-training and post-training measurements of
the GLS for either the RV or the RV-free wall. The tricuspid
annular systolic velocity and tricuspid annular plane systolic

excursion did not change. The E/e’ ratio remained constant
during training for the run. A significant increase was ob-
served in the RIMP after the training period.

Influence of half marathon run on echocar-
diographic parameters of the right ventricle
Running a half marathon had no significant impact on the
RVOT and RV basal diameter (Table 3). The thickness of
the RV wall remained unchanged immediately after the
run (P2 vs. P3). A significant difference in RV FAC values
after the run was not observed compared to 48 hours
before the start. The RV GLS remained unchanged after
the start, but the absolute value of the RV free wall GLS
increased significantly. No significant changes in tricuspid
annulus velocities immediately after the half marathon
were observed. The RV index of myocardial performance
remained constant.

Correlations between right ventricular echo-
cardiographic parameters, the intensity of
training before the half marathon and the
result of half marathon performance

The more intensive the training, the higher the RVOT di-
mension after the training period and immediately after
the half marathon run (at P2 and P3) (Table 4) (r = 0.36;
p=0.02andr=0.3; p<0.05) In athletes who had larger
RV basal diameter before the half marathon run (at P2) and
after the run (at P3), the significantly better half marathon
result was observed (r = -0.3; p = 0.049 and r = -0.34;

Table 2. Measurements of the right ventricle in the pre-training period (P1) and before the half marathon (P2)

Variable Pre-training (P1)
RVOT [mm] 27.98 (5.46)
RV basal diameter at end-diastole [mm] 36.71 (4.53)
RV free wall thickness [cm] 0.43(0.13)
TV E-wave velocity [m/s] 0.63 (0.11)
TV A-wave velocity [m/s] 0.39 (0.30; 0.44)
TV E/A ratio 1.72(0.39)
RV FAC [%] 46.80 (7.25)
RV GLS [%] -20.22 (2.15)
RV free wall GLS [%] -26.27 (3.58)
TVs' [m/s] 0.16 (0.02)
TAPSE [mm] 25.24 (3.73)
TVE/e 4.66 (1.02)
TVa’' [m/s] 0.14 (0.04)
RIMP 0.36 (0.29; 0.45)

48 hours before the MD (95% Cl) p-value
run (P2)
30.07 (4.90) 2.09 (0.74; 3.44) 0.003*
35.67 (4.10) -1.04 (-2.20; 0.11) 0.075
0.42(0.14) -0.01(-0.04; 0.02) 0.569
0.62 (0.09) 0.01 (-0.02; 0.03) 0.756
0.36 (0.32; 0.40) -0.03 (-0.05; 0.02) 0.388
1.73(0.34) 0.03 (-0.11; 0.17) 0.663
44.53 (8.59) -2.27 (-4.83; 0.30) 0.082
-19.76 (1.86) 0.47 (-0.12; 1.06) 0.118
-25.89 (3.08) 0.38(-0.88; 1.64) 0.548
0.15 (0.02) -0.01 (-0.01; 0.003) 0.212
25.31(3.23) 0.07 (-1.25; 1.38) 0.919
4.47 (0.88) -0.19 (-0.44; 0.06) 0.136
0.13 (0.05) -0.004 (-0.02; 0.01) 0.606
0.39(0.33; 0.52) 0.06 (0.01; 0.12) 0.017*

*p < 0.05; data presented as mean (SD) or median (Q1; Q3), depending on normality of distribution; MD — mean/median difference between time points with a 95% confidence interval (Cl). Time points
compared with paired t-test or Wilcoxon test; FAC — fractional area change; GLS — global longitudinal strain; RIMP — right ventricular index of myocardial performance; RV — right ventricular; RVOT — proximal
right ventricular outflow tract; TAPSE — tricuspid annular plane systolic excursion; TV — tricuspid valvular; TV @’ — tricuspid annular A-wave velocity; TV E/e’ — tricuspid valvular E-wave velocity/tricuspid annu-

lar early diastolic velocity ratio; TV s’ — myocardial systolic excursion velocity at the tricuspid annulus
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Table 3. Measurements of the right ventricle before the half marathon (P2) and within 48 hours after finishing the run (P3)

Variable 48 hours before the run (P2) 48 hours after the run (P3) MD (95% ClI)

RVOT [mm] 30.07 (4.90) 29.71 (4.54) -0.36 (-1.07; 0.36) 0.32
RV basal diameter at end-dias- 35.67 (4.10) 36.00 (4.56) 0.33(-0.92; 1.59) 0.59
tole [mm]

RV free wall thickness [cm] 0.42 (0.14) 0.44 (0.14) 0.02 (-0.02; 0.05) 0.41
TV E-wave velocity [m/s] 0.62 (0.09) 0.62 (0.10) -0.01 (-0.04; 0.02) 0.50
TV A-wave velocity [m/s] 0.36 (0.32; 0.40) 0.35(0.31; 0.41) -0.01(-0.03; 0.03) 0.78
TV E/A ratio 1.73(0.34) 1.71(0.39) -0.03 (-0.18; 0.12) 0.66
RV FAC [%] 44.53 (8.59) 44.64 (8.74) 0.11 (-3.17; 3.39) 0.95
RV GLS [%] -19.76 (1.86) -20.09 (1.92) -0.33 (-0.85; 0.18) 0.20
RV free wall GLS [%] -25.89(3.08) -27.20 (3.42) -1.31(-2.26; -0.36) 0.008*
TVS' [m/s] 0.15(0.02) 0.16 (0.02) 0.004 (-0.003; 0.01) 0.30
TAPSE [mm] 25.31 (3.23) 25.31 (3.65) 0.0 (-0.98; 0.98) >0.99
TVE/e 4.47 (0.88) 4.50 (0.92) 0.03(-0.17;0.22) 0.776
TV annular A-wave velocity [m/s] 0.13(0.05) 0.14 (0.04) 0.002 (-0.01; 0.01) 0.71
RIMP 0.39(0.33; 0.52) 0.40 (0.33; 0.54) -0.01(-0.07; 0.04) 0.56

Data presented as mean (SD) or median (Q1; Q3), depending on the normality of distribution; MD — mean/median difference between time points with a 95% confidence interval (Cl). Time points compared
with paired t-test or Wilcoxon test; FAC — fractional area change; GLS — global longitudinal strain; RIMP — right ventricular index of myocardial performance; RV — right ventricular; RVOT — right ventricular
outflow tract; TAPSE — tricuspid annular plane systolic excursion; TV — tricuspid valvular; TV E/e’ — tricuspid valvular E-wave velocity/tricuspid annular early diastolic velocity ratio; TV S’ — myocardial systolic
excursion velocity at the tricuspid annulus

Table 4. Correlations between RV ECHO parameters, the intensity of training before the half marathon and the results of half marathon
performance

RV ECHO parameters

Training intensity, kilometres run/week (r) Results of the half marathon, duration (r)

RVOT (P2) 0.36* -0.24
RVOT (P3) 0.3* -0.26
RV basal diameter at end-diastole (P2) 0.24 -0.3*
RV basal diameter at end-diastole (P3) 0.39* -0.34*
RV FAC (P3) 0.01 0.39*
TV E/€’ ratio (P2) 0.16 -0.08
TV E/€’ ratio (P3) 0.1 -0.05

*p < 0.05; r = correlation coefficient; FAC — fractional area change; RV — right ventricular; RVOT — right ventricular outflow tract; TV — tricuspid valvular

p = 0.02). Subjects who trained more intensively had signi-
ficantly larger RV basal diameter dimensions immediately
after the half marathon competition (r = 0.39; p = 0.008).
Recreational runners with higher RV FAC immediately
after the run achieved significantly worse half marathon
results (r = 0.39; p = 0.008). No significant change in
diastolic function of the RV based on the E/e’ parameter
was observed both after the training period and after the
half marathon performance.

Discussion

This study investigated whether the training period and
participation in half marathon distance run impacted the
morphology and function of the RV of recreational runners.
The major findings are as follows: (1) the amateur training

affected both the anatomy and function of the RV of the
amateur athletes; (2) opposite to the training, the half
marathon run did not affect the anatomy of RV, but what
was observed was the improvement of the GLS of the RV-
free wall immediately after the run; (3) the results of this
study indicate that amateur athletes with RV remodelling
achieve significantly better results in completing a half
marathon run.

Right ventricular function

D’Ascenzi et al. [7] analysed the cohort of 1009 profes-
sional athletes practising various sports disciplines and
confirmed the most significant impact of endurance sport
(such as long-distance running) on the RV remodelling,
including significant enlargement of RVOT. The present
study shows that amateur training with a mean weekly
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distance of 35.89 (17.78) kilometres has a similar effect
on the RV dimensions.

The enlargement of RVOT is one of the most characte-
ristic echocardiographic changes occurring in the heart of
endurance athletes [7]. However, heart pathology should
be considered an alternative explanation for RVOT enlar-
gement in amateur athletes. In the UK, 13% of sudden car-
diac death in young athletes is attributed to arrhythmoge-
nic RV cardiomyopathy (ARVC) [14]. In pre-screening before
significant physical exertion such as a half marathon run,
ARVC should be excluded. This can be done by using the
Task Force Criteria (TFC) [15], which include the echocar-
diographic assessment of RV structure and function (RVOT
enlargement, tricuspid annular plane systolic excursion re-
duction, RV FAC reduction, RV ejection fraction reduction),
electrocardiogram repolarization abnormalities, MRI tissue
characterization and family history. Qasem et al. [16] ana-
lysed 214 elite male athletes, of which 34 met the TFC and
had an enlarged RVOT. These same individuals had signifi-
cantly lower global RV strain compared to participants who
did not meet the TFC. Among this study participants, RVOT
enlargement after the training period (in P2) met the mi-
nor TFC. However, other necessary ARVC criteria were not
met in any study subject.

The RIMP is useful in estimating pulmonary vascular
resistance [17]; its increase indicates a global impairment
of the systolic and diastolic function of the RV. Alsafi et al.
[18] examined the group of 32 female elite athletes and
compared them to a control group of 34 sedentary subje-
cts, assessing the myocardial performance index for both
— LV and RV. The study showed no significant difference
in RIMP among athletes and the sedentary group; the my-
ocardial performance index was significantly higher in LV
compared to RV in both groups. Nevertheless, the present
study showed a significant increase in RIMP after the pre-
paration for the half marathon period (at P2), which indi-
cates the impairment of global RV function under the influ-
ence of running training. It is consistent with the analysis
made by Lewicka-Potocka et al. [19], who investigated that
the two-week preparation for the marathon run period and
marathon performance among 34 male amateur runners
resulted in a significant increase in RIMP.

We did not observe a significant change in RV diastolic
function expressed by the tricuspid valvular E/€’ ratio after
the training period and a half marathon run. The present
results align with Teske et al. [20], who analysed 269 sub-
jects among whom amateur, regular, and professional at-
hletes were present. The endurance training did not result
in RV diastolic function changes in any group. Simsek et
al. [21] compared the group of 44 long-distance runners
with 30 sedentary controls and involved them in a regular
exercise program. They did not prove any diastolic altera-
tion among athletes and controls.

The echocardiographic assessment of the RV ventricle
is challenging because of its complex geometry and highly
trabeculated inner wall contour [10]. The speckle-tracking
echocardiography turns out to be a useful tool in this evalu-
ation. According to recent studies, RV GLS is the more pre-
ferred echocardiographic method for clinical assessment of
the RV function than the conventional 2D echocardiographic
parameters [22]. Research shows that RV GLS is significan-
tly higher among athletes practising low-intensity exercise
compared to healthy sedentary subjects [23]. Yaman et al.
[23] analysed the group of 84 sports practitioners (who
practised static and dynamic exercise for three months)
and compared them to 82 sedentary subjects. RV GLS was
significantly higher in athletes, and the RV free wall GLS
tended to be higher among the sportive population but
was not statistically significant. The present analysis pro-
ves the significant increase of the RV free wall GLS abso-
lute value and the non-statistically significant tendency to
increase RV GLS immediately after the half marathon run.
In the context of the results presented by Yaman et al. [23],
the present study suggests that the half marathon distance
does not induce acute RV dysfunction in amateur runners.

On the other hand, increased RV free wall GLS after
a half marathon run may probably be caused by the phy-
siological decrease of pulmonary vascular resistance oc-
curring in exertion and described in the literature [24, 25].
However, the authors lack the direct data to prove this sta-
tement (such as the mean pulmonary artery pressure va-
lue) since invasive diagnostics with the right heart cathe-
terization were not performed.

The correlations between the intensity of
training, the results of the half marathon
performance and the echocardiographic
parameters

The more intensively the subjects of this study trained, the
better finishing race time they achieved (Figure 3). It was de-
monstrated that the RV remodelling influenced by training
for a half marathon distance run results in better finishing
times. At the same time, the authors did not observe signi-
ficant correlations between the systolic echocardiographic
parameters such as RV s’, tricuspid annular plane systolic
excursion and RV GLS and the intensity of training and the
run finishing time. It proves that among amateur runners,
the RV remains a thin-walled, volumetric chamber that can
not be provoked to contract better during the preparation
for the half marathon run. Moreover, the paradoxical im-
pairment of systolic function in better-trained and faster
participants of this study, depicted by the significant higher
RV FAC among these athletes who achieved worse finishing
race results, probably comes from the fact that the RV in
amateur runners remains the low-pressure chamber. Thus,
it compensates for an increased inflow during exertion by
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the rise of the end-diastolic volume without the rise of the
systolic volume.

We did not observe any significant correlations between
the RV diastolic function parameters, such as the E/e’ ra-
tio (dependent on the ventricular filling pressure) and the
intensity of training or the result of the run. Therefore, it is
concluded that the physical effort over the half marathon
distance and preceding preparations do not affect the dia-
stolic function of the RV of amateur runners.

Limitations

There are certain limitations of this analysis. This study
included a relatively small group of athletes with varying
training intensities. Since the participants of this study
were recreational runners, their training period was not
strictly planned and was difficult to control. Nevertheless,
data on the weekly distance run was collected at baseline,
confirmed and updated during the study period.

Recent echocardiographic European Association of Car-
diovascular Imaging guidelines consider proximal RVOT in
PLAX to be dependent on imaging plane position and less
reproducible than distal RVOT in PLAX. There is a risk of un-
derestimation or overestimation if the RV view is obliquely
oriented concerning the RV outflow tract. Limited normative
data on proximal RVOT in PLAX is available. However, a rela-
tively young, non-obese study group resulted in good quali-
ty echocardiographic images allowing high reproducibility.

Streszczenie

As RIMP presents the relation of the isovolumetric
time to ejection time, it is useful for describing RV's sy-
stolic and diastolic function but has its limitations. It de-
pends on elevated right atrial pressures and loading con-
ditions [10, 26].

Conclusions

In summary, remodelling of the RV under amateur training
for the half marathon run expressed as increased RVOT is
related to a better finishing time. The effort in the training
period and 21.0975 kilometres run itself does not improve
or worsen the diastolic RV function in recreational runners.
The RV systolic function expressed by the RV free wall GLS
improves immediately after the half marathon run, probably
due to a decrease in pulmonary vascular resistance in
exertion.
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Wstep. Biegi dtugodystansowe moga prowadzi¢ do przebudowy serca. Niewiele jest danych na temat zmian w prawej
komorze u sportowcow amatoréw biegajacych na dystansach krétszych niz maratonski.

Celem pracy byto wykazanie, czy trening i ukonczenie pétmaratonu wptywajg na anatomie i funkcje prawej komory
u biegaczy amatorow oraz czy zmiany te wptywaja na osiggany przez sportowca wynik.

Materiat i metody. Badaniem objeto 45 biegaczy amatorow w Srednim wieku 32,96 (5,12) lat, w tym 27 mezczyzn.
Echokardiografie wykonano przed 10-tygodniowym okresem treningowym oraz przed i po biegu potmaratonskim. Ana-
lizie poddano parametry morfologiczne i czynnoSciowe prawej komory. Wykonano echokardiografie dwuwymiarowa,
dopplerowska i stosowano technike $ledzenia plamki akustycznej.

Wyniki. W okresie treningowym droga odptywu prawej komory (27,98 [5,46] vs. 30,07 [4,90]; p = 0,003) oraz wskaznik
sprawnosci prawej komory (0,36 [0,29; 0,45] vs. 0,39 [0,33; 0,52]; p = 0,017) wzrosty znaczaco i nie stwierdzono
zmian dla E/e’. Po pétmaratonie wartos¢ bezwzgledna globalnego podtuznego odksztatcenia wolnej Sciany prawej ko-
mory istotnie wzrosta (-25,89 [3,08] vs. -27,20 [3,42]; p = 0,008). Sportowcy, ktorzy w okresie treningowym trenowali
intensywniej, osiagneli istotnie lepsze wyniki w pétmaratonie (r = -0,4; p < 0,05).

Whioski. Silnigjsza fizjologiczna przebudowa prawej komory serca pod wptywem éwiczen u sportowcow amatorow skut-
kuje lepszym czasem ukonczenia potmaratonu. Okres przygotowan i przebiegniecie 21,0975 km nie wptywa na funkcje
rozkurczowg prawej komory u biegaczy rekreacyjnych. Funkcja skurczowa prawej komory poprawia sie natychmiast po

ukonczeniu pétmaratonu.

Stowa kluczowe: sportowcy amatorzy, echokardiografia, globalne odksztatcenie podtuzne, prawa komora,

odksztatcenie prawej komory
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Abstract

Introduction. Speckle tracking echocardiography (STE) is a well-established tool to assess cardiac function parameters,
however, the value of this tool in the assessment of right atrial (RA) function is still largely unknown. The aim of the
study is to investigate the feasibility of RA function assessment by STE and the relationship between right ventricular
(RV) deformation and the function of the RA.

Material and methods. 94 patients with various cardiovascular pathologies have been included in the study group. All
patients underwent transthoracic echocardiography with subsequent off-line analysis using speckle tracking technique
and measurement of numerous RA deformation parameters, including peak atrial longitudinal strain (PALS) and peak
atrial contraction strain (PACS), as well as established indices of RV function, such as tricuspid annular peak systolic
excursion (TAPSE) and global longitudinal strain (GLS).

Results. RA function assessment by STE was feasible in all patients. A statistically significant correlation was observed
between RA strain (PACS and PALS) and RV parameters. RV-GLS showed weak correlation with PALS (r = -0.38;
p = 0.0015) and PACS (r = -0.30; p = 0.013). Similarly, TAPSE correlated with PALS and PACS (r = 0.34; p = 0.02) and
(r=0.23; p = 0.04) respectively.

Conclusion. RA function assessment by STE is feasible. The RA deformation parameters weakly correlate with RV
function indices, indicating that other factors significantly influence RA function. Therefore, the RA function cannot be
regarded as a direct barometer of the RV function.
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Introduction

Speckle tracking echocardiography (STE) has become
a widely recognized tool to assess cardiac function and
gather both prognostic and predictive information [1].
The software used to evaluate echocardiographic images
was initially designed to evaluate left ventricular function,
but its use in assessing the function of other cardiac
chambers has become increasingly more common and
well-established [2].

From a physiologic point of view, the right atrial (RA) has
proven to have an impact on overall right ventricle (RV) per-
formance and vice versa [3]. In a single-centre study, RA
strain has proven to be significantly impaired in patients
with pulmonary arterial hypertension (PAH) [4] being in-
dependently associated with systolic pulmonary arterial
pressure (SPAP) and showing high sensitivity and specifi-
city in predicting an increased SPAP [5]. Moreover, peak
atrial contraction strain (PACS) and peak atrial longitudinal
strain (PALS) showed significant association with RV global
longitudinal strain (GLS) of the free wall (RV GLS FW) [6].
Right atrium strain is also prognostic for hospitalizations
and mortality [7-10]. In this study population, it was aimed
to investigate the feasibility of RA function assessment by
STE and the relationship between RV function and its im-
pact on the RA parameters.

Materials and methods

Study population

The present retrospective study included 94 patients (60
male, mean age 61.9 + 14.4 years) with good echocar-
diographic image quality and various cardiac pathologies:
hypertension (12), ischaemic heart disease (37), and
valvular heart disease (50). Patients suffering from atrial
fibrillation were excluded.

Echocardiography

The patients underwent transthoracic echocardiography
and the echocardiographic images were analysed offline
using EchoPac Software (GE Healthcare, Chicago, IL, USA).
Apical 4-chamber view images were used to estimate the
RV end-systolic area (RV ESA) and the RV end-diastolic area
in order to calculate RV fractional area change (RV FAC).
The RV inflow tract was measured just below the tricuspid
valve between RV free wall and interventricular septum.
Tricuspid annular plane systolic excursion (TAPSE) was as-
sessed using M-mode, measuring the distance of tricuspid
annular movement between end-diastole and end-systole.
Peak systolic annular excursion (S’) was assessed by tissue
Doppler imaging.

Speckle tracking echocardiography

For STE assessment was used the QRS method and the
apical 4-chamber view. The region of interest (ROl) was
defined as the area between the inner endocardial border
(inner contour of RA/RV) wall and the outer epicardial
border (outer contour of RA/RV) and if needed manually
adjusted. If more than 1/3 of the ROl was missing the
image was rejected [11]. Once the ROl was fully adjusted,
the software generated longitudinal strain curves for
each segment. RA strain was assessed using peak atrial
longitudinal strain (PALS) and peak atrial contraction strain
(PACS). PALS was measured at the end of the RA reservoir
phase. PACS was measured just before the start of the
active contractile phase of the atrium [11]. Global PALS
and PACS (Figure 1) are averages of all segments. In the
RV was assessed global longitudinal strain (RV GLS) as the
peak systolic strain of all tracked segments. Moreover, RV
GLS FW was measured based on the 3 segments of the free
wall. If image assessment was not possible due to image
quality, affected images and measurements were excluded.

Statistical methods

Continuous variables were initially tested for normality of
data distribution by the Kolmogorov-Smirnow test. Normally
distributed variables are expressed as mean * standard
deviation. Categorical variables are presented as percen-
tages (%). Regression and correlation analysis was used
to assess the relationship between RA and RV parameters
(MedCalc Software, Frank Schoonjans, Belgium).

Results

Table 1 summarises the mean values and standard devia-
tions of echocardiographic parameters in the study group.

Tables 2 and 3 present the relationship between RA
functional parameters (PALS and PACS) and right ventricu-
lar parameters, whereas Tables 4 and 5 presen t the rela-
tionship between PALS and RA size. PALS showed a nega-
tive correlation with RA size expressed as ESA (r = -0.42;
95% Cl: -0.59/-0.22; p = 0.0001) and RA end-systolic vol-
ume (r = -0.41; 95% CI: -0.58/-0.22; p = 0.0001). Also,
PACS correlated with RA size expressed as ESA (r = -0.32;
95% Cl: -0.51/-0.11; p = 0.004) and RA end-systolic vol-
ume (r = -0.35; 95% Cl: -0.53/-0.14; p = 0.002).

We also found significant, yet weak, correlations be-
tween RA functional parameters (PALS and PACS, re-
spectively) and RV parameters. PALS correlated with
RV GLS (r = -0.38; 95% Cl: -0.57/-0.15; p = 0.0015),
TAPSE (r = 0.34; 95% Cl: 0.13/0.52; p = 0.002) and RV
GLS FW (r = -0.35; 95% Cl: -0.56/-0.09; p = 0.0095).
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Figure 1. Speckle tracking assessment of the right atrium with measurement of PALS and PACS; PACS — peak atrial contraction strain;
PALS — peak atrial longitudinal strain; STE — speckle tracking echocardiography

Table 1. The mean values and standard deviations of measured

echocardiographic parameters

Parameter Mean
PALS (%) 30.8
PACS (%) 14.8
RA @ (cm) 35

RAESV (mL) 34.5
GLS (%) -17.8
TAPSE (cm) 21.7
RVITD (cm) 35

S’ (m/s) 114

ESV — right atrial end-systolic volume; GLS — global longitudinal strain; PACS — peak atrial con-
traction strain; PALS — peak atrial longitudinal strain; RA @ — right atrial diameter; RVITD — right
ventricular inflow tract diameter; S’ — peak systolic annular velocity; SD — standard deviation;
TAPSE — tricuspid annular plane systolic excursion

PACS significantly correlated with RV GLS (r = -0.3;

SD
12.7
6.9
0.6
20.4
6
4.9
0.6
2.7

r
95% CI: -0.51/-0.07; p = 0.013) and TAPSE (

95% Cl: -0.01/0.4; p = 0.04). Neither PALS nor PACS
showed significant associations with RV size (r = -0.03;
95% Cl: -0.21/0.27; p = 0.78) and (r = -0.005; 95% Cl:
-0.24/0.23; p = 0.96), respectively.

12

Table 2. Correlation coefficients between peak atrial longitudinal

strain and RV parameters

Parameter R

RV GLS -0.38
RV FAC 0.21
TAPSE 0.34
g 0.08
RV GLS FW -0.35
RVITD 0.08

95% ClI

-0.57/-0.15

-0.2/0.43
0.13/0.52
-0.15/0.31
-0.56/0.09
-0.15/0.31

p
0.0015
0.08
0.002
0.46
0.0095
0.48

Cl — confidence interval; FAC — functional area change; FW — free wall; GLS — global longitudinal
strain; RV — right ventricular; RVITD — right ventricular inflow tract diameter; S’ — peak systolic
annular velocity; TAPSE — tricuspid annular plane systolic excursion

The analysis of subgroups disclosed a mean PALS
of 37.25 + 11.01% for healthy individuals and 29.92 +
+ 12.69% for patients suffering from cardiovascular pa-
thologies. Stronger correlations between PALS and RV
GLS were noted in the patients’ group (r = -0,37; 95%
Cl: -0.57/-0.12); p = 0.005; n = 68) than in the healthy
subjects group (r = -0.3; 95% Cl: -0.78/0.4; p = 0.39;
n = 10). However, this may be a result of a small subgroup
of healthy subjects. Independent sample t-test yielded
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Table 3. Correlation coefficients between peak atrial contraction
strain and RV parameters

Parameter r 95% CI p

RV GLS -0.3 -0.51/-0.07 0.013
RV GLS FW -0.26 -0.5/0.01 0.059
RV FAC 0.21 -0.1/0.37 0.26
TAPSE 0.34 0.01/0.4 0.04
S’ 0.08 -0.22/0.25 0.91

Cl — confidence interval; FAC — functional area change; FW — free wall; GLS — global longitudinal
strain; RV — right ventricular; S’ — peak systolic annular velocity; TAPSE — tricuspid annular plane
systolic excursion

Table 4. Correlation coefficients between peak atrial longitudinal
strain with RA size

Parameter r 95% ClI p
RA area -0.42 -0.59/-0.22 0.0001
RA ESV -0.41 -0.58/-0.22 0.0001
RATD -0.31 -0.50/-0.09 0.005

Cl — confidence interval; ESV — end-systolic volume; RA — right atrial; TD — transverse diameter

Table 5. Correlation coefficients between peak atrial contraction
strain with RA size

Parameter R 95% ClI P

RA area -0.32 -0.51/-0.11 0.004
RA ESV -0.35 -0.53/-0.14 0.002
RATD -0.27 -0.46/-0.05 0.016

Cl — confidence interval; ESV — end-systolic volume; RA — right atrial; TD — transverse diameter

a non-significant difference in PALS between healthy and
diseased subjects (p = 0.08).

Discussion

The main finding of this study is that in patients with good
image quality RA function analysis by STE is feasible and
the RA deformation parameters correlate weakly with RV
function indices, indicating that other factors significantly
influence RA function. Therefore, the RA function cannot be
regarded as a direct barometer of the RV function.

We used the QRS method (measuring the strain using
two consecutive QRS complexes as intervals) [12] during
the analysis of the strain of RA. This method was utilised
by Padeletti et al. [13] to determine reference values of
normal RA strain yielding feasible results. In the present
study, the PALS of the study’s healthy volunteers (PALS
= 37.25%) yielded similar results to the reference values

suggested by Padeletti et. al. (PALS = 49 + 13%). In com-
parison, the strain measured in the study’s patient popu-
lation was uniformly lower (PALS = 29.92%). However, due
to the small sample size, the difference was not statisti-
cally significant.

Numerous studies have demonstrated a profound im-
pact of right ventricular stress, represented by increased
right ventricular end-systolic pressure, on the haemody-
namic properties of the right atrium [3, 14]. An adequate
atrial response to an increased RV end-systolic pressure
consists of an increase in reservoir function and a decrease
in conduit-to-reservoir ratio, which in turn is inversely rela-
ted to cardiac output [3]. It is being proposed that a “fle-
xible atrium” stores elastic energy during systole and hen-
ce, atrial compliance plays a crucial role. The correlation
between PALS and markers of RV function in this study
population can be, at least partially, attributed to the un-
derlying effects of this hypothesis.

No correlation was found between PALS and RA size
in healthy volunteers, nevertheless, in patients suffering
from cardiac pathology, there is a significant correlation
between RA size and PALS, hinting at common underlying
factors. Querejeta Roca et al. [16] pointed out that in pa-
tients suffering from PAH, RA reservoir and passive con-
duit function are impaired independently of RA size and
greater dysfunction was associated with RV dysfunction
and overload. PALS and PACS both showed significant cor-
respondence to right ventricular parameters, namely: RV
GLS (as a prognostic marker in right heart disease [2] and
a correlate to RVEF [16, 17]) both with and without IV sep-
tum segment. Even though the cardiovascular pathologies
of the patients in this study vary, patients with diminished
atrial compliance (represented by decreased PALS), were
also more likely to show diminished mechanical defor-
mation of the RV (measured by RV GLS and RV FW GLS).
Wright et al. [6] pointed out, the RA has a tethering effect
on the free wall of the ventricle as other cohorts influen-
ce RV deformation as well, and therefore the association
should not be overestimated.

Limitations

This was a single-centre study with a small group of sub-
jects. It should also be kept in mind that the Echopac
software was originally programmed for the left ventricle,
warranting further adjustment of the ROl to measure the
much thinner RA wall correctly.

Conclusion

RA function assessment by STE is feasible. The RA de-
formation parameters weakly correlate with RV function
indices, indicating that other factors significantly influence
RA function. Therefore, the RA function cannot be regarded
as a direct barometer of the RV function.
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Streszczenie

Wstep. Echokardiografia metoda Sledzenia markeréw akustycznych (STE) jest uznanym narzedziem oceny parametrow
czynnosSci serca, jednak wartoS¢ tego narzedzia w ocenie czynnoSci prawego przedsionka (RA) jest nadal w duzej mie-
rze nieznana. Celem pracy jest zbadanie mozliwosci oceny funkcji RA za pomoca STE oraz zwigzku miedzy deformacja
prawej komory (RV) a funkcjg RA.

Materiat i metody. Do badanej grupy wtgczono 94 osoby z roznymi patologiami sercowo-naczyniowymi. U wszystkich
pacjentow wykonano echokardiografie przezklatkowa z pdzniejszg analizg off-line z wykorzystaniem techniki Sledzenia
markerow akustycznych i pomiarem licznych parametréw deformaciji RA, w tym szczytowe odksztatcenie podtuzne przed-
sionkow (PALS) i szczytowe napiecie skurczowe przedsionkow (PACS), a takze ustalonych wskaznikow funkcji RV, takich
jak: wychylenie skurczowe pierscienia tréjdzielnego (TAPSE) i globalne odksztatcenie podtuzne (GLS).

Wyniki. Ocena funkcji RA za pomoca echokardiografii Sladowej plamki byta mozliwa u wszystkich pacjentow. Zaobser-
wowano statystycznie istotng korelacje miedzy odksztatceniem prawej komory (PACS i PALS) a parametrami RV. RV-GLS
wykazato stabg korelacje z PALS (r = -0,38; p = 0,0015) i PACS (r = -0,30; p = 0,013). Podobnie TAPSE korelowato
zZ PALS i PACS (r=0,34; p=0,02)i(r=0,23; p=0,04).

Whioski. Ocena funkcji RA za pomoca echokardiografii metoda Sledzenia markerow akustycznych jest mozliwa. Parame-
try deformacji RA stabo koreluja ze wskaznikami funkcji RV, co wskazuje, ze inne czynniki majg istotny wptyw na funkcje
RA. Dlatego funkcja RA nie moze by¢ traktowana jako bezpoSredni barometr funkcji RV.

Stowa kluczowe: prawy przedsionek, prawa komora, echokardiografia metoda Sledzenia markeréw akustycznych
Folia Cardiologica 2023; 18, 1: 10-15
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Abstract

Heart failure (HF) is the leading cause of hospitalization among patients aged 65 years and older. One of the most com-
mon comorbidities in HF is iron deficiency (ID), being present in about 50% of all HF patients. ID in HF has been shown
to reduce exercise capacity, increase the risk of cerebrovascular events, and increase patient morbidity and mortality.
The association between heart failure with reduced ejection fraction (HFrEF) and ID has already been proven to lead to
an increased risk of cardiovascular events, and some research is establishing a similar relation between heart failure
with preserved ejection fraction (HFpEF) and ID. ID can lead to hypercoagulability, which in HF may be associated with

an increased risk of stroke/TIA (transient ischemic attack).

Although current HF treatment guidelines recognize ID as a significant problem, ID is still rarely recognized and undertreated.

Key words: iron deficiency, heart failure, stroke, transient ischemic attack, cerebrovascular events

Introduction

Iron deficiency (ID) is currently one of the most prominent
nutrient deficiencies worldwide [1]. There are many possible
causes of ID, such as increased demand and loss of iron,
decreased absorption and inadequate dietary intake, and
impaired iron release [2, 3]. According to current ESC
guidelines, ID in HF patients is defined as either a serum
ferritin concentration < 100 pyg/mL or as 100-299 ug/mL
with transferrin saturation (TSAT) < 20% [4].

However, ID still continues to be undertreated and un-
derdiagnosed in the clinical setting [5]. Concurrent ID and
HF can have profound negative effects on the patient’s
condition leading to a decreased exercise capacity and

Folia Cardiologica 2023; 18, 1: 16-23

quality of life (QoL), higher morbidity, and mortality [4, 6,
7]. ID may also cause a wide range of hematological
complications within patients, such as predisposing the
patient to thromboembolic events [8].

The aim of this paper is to emphasize connections made
through the most current literature on the issue of cere-
brovascular events connected with ID in HF patients and
to indicate the most needed directions of further research.

Iron deficiency
Iron is an essential mineral for the body and is vital

for a multitude of different functions, such as oxygen
transport, metabolism and storage, cardiac and skeletal
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Figure 1. Iron metabolism in the body; DMT1 — divalent-metal-transporter-1; Fe2+ — ferrous iron form; Fe 3+ — ferric iron form; HMP1 —

heme-carrier-protein-1

muscle metabolism, erythropoiesis, mitochondrial pre-
servation and function, a cofactor for various enzymes
or cellular metabolism [5, 7, 9]. Iron exists either in the
ferrous form (Fe®"), during absorption in the small inte-
stine, or bound intracellularly to ferritin or as the ferric
form (Fe*) coupled to the transport protein transferrin
during circulation [5].

Iron homeostasis is solely regulated by absorption, as
no means of iron excretion exists [9]. In the physiological
state, only about 5-10% of the dietary iron is absorbed.

Iron absorption, taking place mainly in the duodenum
and upper jejunum [5], can occur in three pathways accor-
ding to the chemical form of iron present. Those pathways
are shown in Figure 1. Free ferrous ions are absorbed
via the divalent-metal-transporter-1 pathway, whereas
heme-bound iron is absorbed via the heme-carrier-prote-
in-1 pathway. In the enterocyte, iron can be stored bounded
by ferritin or it can be transported directly to the basolate-
ral side by mobilferrin to release iron to the circulation via
the intramembranous channel ferroportin. Hepcidin, pro-
duced in the liver, is the main regulator of iron absorption
as it binds to ferroportin to decrease its expression as well
as by inhibiting the mobilization of stored iron in macrop-
hages of the reticuloendothelial system [10].

Iron deficiency anemia (IDA) is a consequence of pro-
longed ID where the ID is severe enough to reduce erythro-
poiesis in the bone marrow [11]. The prevalence of iron

deficiency has been extensively studied and well summari-
zed by Savarese et al. [12], about one in every two per-
sons with HF has ID. It seems that regardless of anemia,
ID is present in about 50% of patients with HF [12]. On the
contrary, ID and anemia in HF coexist rarely [13]. Moreover,
anemia does not influence mitochondrial functions, and
its treatment relieved HF symptoms, but at the same time
increased thromboembolic events’ risk [13]. IDA leads to
structural and functional alterations in tissues with a high
mitotic index and oxygen demand, such as neoplastic, im-
mune and cardiac cells, which are especially sensitive to
anemia [5]. It has a significant impact on HF pathology and
is an established predictor of a worse prognosis [10]. Pre-
vious studies have shown accelerated left ventricular (LV)
remodeling, mitochondrial damage, and low iron content in
cardiomyocytes in HF patients, possibly explaining reduced
peak oxygen consumption and LV dysfunction associated
with HF [7]. Furthermore, skeletal muscle dysfunction can
ultimately lead to inspiratory muscle weakness, dramati-
cally lowering the QoL of HF patients [5]. Impaired exercise
capacity is the result of crucial patient characteristics and
multisystem dysfunction, including aging, impaired pulmo-
nary reserve, peripheral and respiratory skeletal muscle
dysfunction as well as ID [14, 15].

Despite the significant prevalence of ID in HF, the
etiology is often unrecognized [3]. The main suggested
mechanisms include reduced iron intake and absorption,
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Figure 2. Iron deficiency etiology in heart failure

increased iron loss, and impaired iron release [2]. The
summary of the possible etiologies of ID in HF is seen
in Figure 2.

Reduced iron intake

Iron requirements and thus recommended iron intake de-
pend mainly on sex, age and pregnancy status. In a large
international HF cohort, Van Der Wal et al. [3] showed that
a poor nutritional status with low serum albumin level might
bean etiological pathway for ID in HF. As iron intake was
not studied itself, and the underlying reason for the poor
nutritional status is not clear yet, further studies need to be
done. A cross-sectional study from Christina Andreae [16]
identified a significant prevalence of loss of appetite with
ahigh risk of weight loss in patients with HF. It needs to be
emphasized that increasing the intake of iron such as in
oral iron therapy is not effective and due to excessive polyp-
harmacy and possible side effects is not recommended [5].

Reduced iron absorption
Venous congestion leads to gastrointestinal wall edema,
which might reduce the absorption of nutrients such as

iron [3]. Other factors like concomitant diseases such as
inflammatory bowel disease or the high prevalence of pro-
ton pump inhibitor usage in HF patients, might also play an
etiological role in ID in HF [3]. Furthermore, recent studies
showed that hepcidin levels are decreased in HF patients,
suggesting that the iron concentration is a dominating
factor over the inflammatory state to determine the rate
of hepcidin synthesis [3, 5, 10]. In conclusion, ID is more
likely causedby an absolute decrease in iron availability
than by a metabolic mechanism induced by a chronic
inflammatory state [5].

Increased iron loss

Increased iron loss is another factor that contributes ID in
HF. Firstly, as a recent study by Meijers et al. [17] identified
HF as a novel risk for incident cancer, blood loss, and as
a consequence, iron loss in HF might therefore be due to
malignancies or gastrointestinal diseases such as gastri-
tis or peptic ulcers [2]. Secondly, patients with ID have
a higher prevalence of antiplatelet use [3]. Thus, iron loss
in these patients might be due to an increased tendency
for bleeding.
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Table 1. A review of current literature regarding heart failure and iron deficiency and its correlation with cerebrovascular events

Author Year Type of study

Gillum et al. [24] 1995  Follow-up of a national
cohort

Dubyk et al. [26] 2012  Prospective, cohort

Shovlin et al. [27] 2014  Prospective, cohort

Potaczek etal. [28] 2016  Prospective, cohort

Adelborg et al. [19] 2017  General population cohort

Gill et al. [29] 2018  Mendelian randomized

Tang et al. [30] 2020  Prospective, cohort

Szulc-Bagrowska et 2022  Retrospective, observational

al. [31]

Doehner et al. [32] 2022  Prospective, observational

\] Results/conclusions

5033 There is a significant U-shaped association of transferrin
saturation with risk of incident stroke

94 IDA as a risk factor in elderly patients at hospital admis-
sion for TIA or first stroke

497 Iron deficient patients with pulmonary malformations at
a higher risk of ischemic stroke

229 ID may represent a riskfactor for thrombosis recurrence

1446 765 HF is animportant risk factor for all types of stroke.

48 972 Higher iron status is associated with increased stroke risk

795 ID and CC are risk factors for thromboembolic diseases

150 ID in HF is associated with ahigher risk of stroke/TIA

746 ID and anemia significantly lower functional capacity

after acute stroke

CC — contraceptives; ID — iron deficiency; IDA — iron deficiency anemia; HF — heart failure; TIA — transient ischemic attack

All'in all, the etiology of ID in HF is highly complex, mul-
tifactorial, and not well understood. Further research on
the etiopathogenesis of ID in HF needs to be conducted
to establish recognized causal factors which can help in
finding sufficient treatment of ID in HF, as a predictor of
a worse prognosis [7].

Stroke and ID in heart failure

The etiology of HF varies depending on the phenotype. HFrEF
results as a consequence of the necrosis of cardiomyocytes,
due to myocardial ischemia, myocarditis, or cardiotoxins,
and it has the predisposition to affect males more [18].
HFpEF occurs most often in patients suffering non-cardiac
comorbidities such as hypertension, pulmonary disease,
diabetes mellitus, sleep apnea or obesity and it has the
predisposition to affect females more often [18]. It is
known that HF, even in its earliest stage, is a risk factor for
stroke [19, 20]. Among stroke patients, 9% had HF as the
cause of the event [20]. Furthermore, 10-24% of stroke
patients also have HF[20]. The Framingham Heart Study
emphasized that patients with HF are two to 3 times more
likely to suffer from a stroke than those without HF [21].
On the other hand, one of the pathomechanisms of HF is
chronic inflammation which may either be a consequence
of HF or it may precede and be one of the causative factors
which led to HF. In consequence, chronic inflammation
leads to hypercoagulability. Finally, endothelial damage is
also responsible for the pathogenesis of HF, which may be
caused by various different vasculopathies [20, 21]. The
above-mentioned factors form the Virchow’sTriad, which
are at the same time the most important elements for the
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formation of thrombosis [22]. That makes HF a disease of
a higher risk of thromboembolism forming.

Aside from the already proven fact that ID in HF patients
leads to a decreased QoL and exercise tolerance, as well
as to increased patient mortality and morbidity [4], it sho-
uld also be The combination of both these diseases may
prove deleterious consequences in patients ultimately le-
ading to an increased probability of stroke occurring. Kan-
dinata et al. [23] presented a case of a 34-year-old patient
with ID who suffered from a stroke. It implies that ID may
be a great predictive value for stroke, and even greater
if it is combined with comorbidities. Gillum et al. proved
there may be a U-shaped connection between iron status
and the risk of stroke [24]. However, the data on iron sta-
tus and its influence on stroke prevalence is limited and
conflicting, there is a need to conduct further research on
the prognostic significance and treatment ID in patients
with cerebrovascular events [12]. Current trends indicate
thepossible use of hematologic parameters such as ID as
biomarkers in HF [25].

Table 1 presents selected studies regarding HF and ID
and their correlation with cerebrovascular events.

Significance and solutions — IRONMAN
study

The only efficacious and recommended treatment for rever-
sing ID is intravenous (IV) ferric carboxymaltose. However,
the approved treatment of ID in the setting of left ventricle
ejection fraction < 50%, there is currently no approved tre-
atment for ID in the setting of HFpEF [4]. To our knowledge,
IRONMAN was the first large clinical trial that investigated
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Table 2. A comparison of selected clinical trials regarding intravenous iron administration in HF patients

FAIR-HF [36] CONFIRM-HF [37]
Type of study  Prospective, rando-  Prospective, randomi-
mized, multicenter zed, multicenter
N FCM: 305 FCM: 152
Placebo: 154 Placebo: 152
Study popu-  Chronic HF NYHA Chronic HF NYHA class
lation class Il (LVEF 11/l (LVEF < 45%)
<40%) or Il BNP > 100 pg/mL
(LVEF < 45%) and/or NT-proBNP
with ID > 400 pg/mL with ID
Primary end-  Improvement in self- Change in 6WMT distan-
point result -reported PGA (50%  ce from baseline to
for FCM vs. 28% week 24 for FCM vs. pla-
placebo; OR 2.51; cebo — both LS means
95% Cl: 1.75-3.61;  + SE (18 + 8 meters vs.
p <0.001) and 16 + 8 meters; differen-
NYHA class /11 at ce FCM vs. placebo: 33
24 week (47% vs. + 11 meters; p = 0.002)
30%; OR 2.40;
95% Cl: 1.55-3.71;
p < 0.001)
Secondary Improvement Improvements with FCM
endpoint (p < 0.001) with vs. placebo in:
result FCMvs. placeboin:  * PGA at week 12
¢ Self-reported (p = 0.035) week
PGA at weeks 4 24 (p = 0.047),
and 12 weeks 36 and 52
* 6 MWT distance (both p < 0.001)
atweeks 4,12, ¢ NYHAclass at week

and 24 24 (p = 0.004) and
¢ QoL (EQ-5D weeks 36 and 52
visual as- (both p < 0.001)
sessment) at e 6 MWT difference
weeks 4, 12, in changes at week
and 24 36 (42 meters with

¢ Qverall KCCQ
score at weeks
4,12,and 24

95% Cl of 21-62;

p <0.001) and

week 52 (36 me-

ters with 95% Cl of

16-57; p < 0.001)
* Fatigue score

at week 12

(p=0.009), week 24

(p =0.002), week
36 (p < 0.001),
and week 52
(p=0.002)

EFFECT-HF [38]

Prospective, randomi-
zed, open-label, SoC-
-controlled

FCM: 88
SoC: 86

Chronic HF NYHA class
1I/111 (LVEF < 45%)
BNP > 100 pg/mL
and/or NT-proBNP

> 400 pg/mL with ID
Peak VO, 10-20 mL/
/kg/min

Change from baseline
in peak VO, at week
24 for FCM vs. control
(SoC) — LS mean +
SE (-0.16 + 0.387 vs.
-1.19 + 0.389 mL/
/min/kg; p = 0.020)
Sensitivity analysis in
which missing data
were not imputed

for FCM vs. control:
(-0.16 £ 0.37 vs.
-0.63 £ 0.38 mL/
/min/kg; p = 0.23)

¢ Improvements
with FCM vs. con-
trol in:

¢ NYHAclass at
weeks 6, 12 and
24 (with imputa-
tion; all p < 0.05)

*  PGA at weeks 12

and 24 (with impu-

tation; p < 0.05)

AFFIRM-HF [34]

Prospective, randomi-
zed, multicenter

FCM: 559
Placebo: 551

Acute HF Hospitalized
for acute HF, treated
with at least 40 mg
furosemide (or equi-
valent) LVEF < 50%
with ID

Composite of total HF
hospitalizations and CV
deaths up to 52 weeks
after randomization for
FCM vs. placebo (293
primary events [57.2
per 100 patient-years]
vs. 372 [72.5 per 100
patient-years] RR 0.79;
95% Cl: 0.62-1.01;

p = 0.059)
(Pre-COVID-19 sens-
itivity analysis: 274
primary events [55.2
per 100 patient-years]
vs. 363 [73.5 per 100
patient-years] RR 0.75;
95% Cl: 0.59-0.96;

p =0.024)

Total CV hospitaliza-

tions and CV deaths

with FCM vs. placebo:

e 370vs. 451
(RR 0.80; 95%
Cl: 0.64-1.00;
p =0.050) CV
deaths

e 77 (14%)vs. 78
(14%) (HR 0.96;
95% CI: 0.70-
1.32;p=0.81)

lower number HF
hospitalizations

o 217 vs.294

(RR 0.74; 95%

Cl: 0.58-0.94;

p = 0.013) treat-
ment for time to
first hospitalization
or CV death — 181
(32%) vs. 209
(38%) (HR 0.80;
95% Cl: 0.66-
-0.98; p =0.030)

IRONMAN [33]

Prospective, randomi-
zed, open-label, SoC-
-controlled

FDI: 569
SoC: 568

Chronic HF NYHA II-IV
and recent HF hospita-
lization or elevated NPs
(LVEF < 45%)

Ferritin < 100 ug/L

or TSAT < 20%

Composite of CV deaths
and hospitalizations
for HF for FDI vs. SoC:
(336 primary events
[22.4 per 100 patient-
-years] vs. 411 [27.5
per 100 patient-years]
RR 0.82; 95% Cl:
0.66-1.02; p = 0.070)

Composite of CV de-
aths or hospital admis-
sion for HF, stroke or Ml
with FDI vs. placebo:
209 vs. 246 (RR 0.83;
95% Cl: 0.69-1.00;

p =0.045)

6 MWT — 6-min walking test; AFFIRM-AHF — Study to Compare Ferric Carboxymaltose With Placebo in Patients With Acute Heart Failure and Iron Deficiency; BNP — brain natriuretic peptide; CONFIRM-HF

— Ferric CarboxymaltOse evaluatioN on perFormance in patients with [Ron deficiency in coMbination with chronic Heart Failure; Cl — confidence interval; CV — cardiovascular; EFFECT-HF — Effect of Ferric
Carboxymaltose on Exercise Capacity in Patients With Iron Deficiency and Chronic Heart Failure; EQ-5D — EuroQol-5 Dimension; FAIR-HF — Ferinject Assessment in patients with IRon deficiency and chronic
Heart Failure; FCM — ferric carboxymaltose; FDI — ferric derisomaltose; HF — heart failure; HR — hazard ratio; ID — iron deficiency; IRONMAN — Intravenous ferric derisomaltose in patients with heart failure
and iron deficiency in the UK; KCCQ — Kansas City Cardiomyopathy Questionnaire; LS — least squares; LVEF — left ventricular ejection fraction; NT-proBNP — N-terminal pro-B-type natriuretic peptide; NYHA —
New York Heart Association; PGA — patient global assessment; OR — odds ratio; QoL — quality of life; RR — rate ratio; SE — standard error; SoC — standard of care; TSAT — transferrin saturation

20

www.journals.viamedica.pl/folia_cardiologica



Phillip Kietbowicz et al., Iron deficiency, heart failure and cerebrovascular events

the long-term effect of IV ferric derisomaltose (FDI) ad-
ministration on cardiovascular (CV) outcomes, including
recurrent hospitalizations for HF [33]. 1137 patients were
randomized, 569 received IV FDI treatment and 568 usual
care. The primary endpoint, which included a composite of
CV deaths and hospitalizations for HF occurred for FDI tre-
atment vs. standard of care: (336 primary events [22.4 per
100 patient-years] vs. 411 [27.5 per 100 patient-years] RR
[rate ratio] 0.82; 95% Cl [confidence interval]: 0.66-1.02;
p = 0.070) [33], what was on the borderline of statistical
significance, such as in AFFIRM trial [34]. IRONMAN study
proved that IV administration of iron reduced the combined
secondary endpoint (CV death, hospital admissions for
stroke, HF, and myocardial infarction) (HR = 0.82; 95% Cl:
0.69-1.00; p = 0.045) [33]. The recommended COVID-19
analysis showed consistent results (HR = 0.78; 95% Cl:
0.62-0.98; p = 0.030 respectively) [33]. To our kno-
wledge, previous studies of ID in HF did not include stroke
hospitalization as endpoint, which needs to be strongly
emphasized [33]. Subsequently, important differences
between IRONMAN and another clinical trial regarding ID,
for instance, AFFIRM-AHF, are worth noticing [34]. Firstly,
the follow-up was longer in IRONMAN (median follow-up 2.7
years [IQR 1.8-3.6]) than in AFFIRM-AHF, in which IV iron
treatment was finalized after 24 weeks [33, 34]. Hence,

Streszczenie

IRONMAN study confirmed the long-term safety of IV FDI,
since there were no excessive serious adverse events
[33]. Subsequently, there was no collection of phosphate
samples in IRONMAN, since the risk of hypophosphataemia
is significantly lower in FDI [35]. A comparison of selected
clinical trials is shown in Table 2.

Conclusions

HF with ID may predispose the patient to a higher risk of
suffering from cerebrovascular events. Numerous studies
emphasize that ID in clinical practice is often unrecognized
and definitely underdiagnosed even though it is in the ESC
treatment guidelines for HF. Better screening for ID should
be implemented to reverse this health issue. HF with ID
should be recognized and promptly treated by the clinician
and the risk of stroke should be assessed as ID is a positive
predictive value for stroke. Finally, upcoming randomized
clinical trials should focus on assessing whether IV iron
administration is an effective treatment for ID in HF patients
with LVEF > 45%
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NiewydolnosS¢ serca (HF) jest gtowng przyczyna hospitalizacji wsrod pacjentow w wieku 65 lat i starszych. Jedng z naj-
czestszych choréb wspotistniejgcych w HF jest niedobor zelaza (ID), wystepujacy u okoto 50% wszystkich pacjentéw z HF.
Wykazano, ze ID w HF zmniejsza wydolnoS¢ wysitkowa, zwieksza ryzyko incydentéw naczyniowo-mézgowych, chorobo-
wosé i Smiertelno$é pacjentow. Udowodniono, ze zwigzek miedzy niewydolnoScig serca z obnizong frakcjg wyrzutowa
(HFYEF) a ID prowadzi do zwiekszonego ryzyka incydentow sercowo-naczyniowych, a niektore badania wskazuja na
podobny zwigzek miedzy niewydolnoScia serca z zachowang frakcjg wyrzutowg (HFpEF) a ID. ID moze prowadzi¢ do nad-
krzepliwosci, co w HF moze wigzaé sie ze zwiekszonym ryzykiem udaru mozgu/przemijajgcego ataku niedokrwiennego.

Chociaz obecne wytyczne dotyczgce leczenia HF uznajg ID za istotny problem, jest ono nadal rzadko rozpoznawane

i niedostatecznie leczone.

Stowa kluczowe: niedobdr zelaza, niewydolnos¢ serca, udar mozgu, TIA, incydenty mézgowo-naczyniowe
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Abstract

Lipid disorders have been the most common cause of atherosclerotic cardiovascular diseases in Poland for years. The
latest data indicate that about 20 million people in Poland have hypercholesterolaemia. Nutritional habits have a very
significant impact on the lipid profile. Therefore, considering the fact that coffee is an important component of the
diet of Poles (on average, 1-2 cups of coffee are consumed in our country per inhabitant per day, and 66% of Poles
declare regular consumption), its impact on the lipid profile cannot be overlooked. Coffee contains over 1000 chemical
compounds, of which kahweol and cafestol are the most important in the context of lipidology. These are compounds
that can have a hyperlipidaemic effect. On the other hand, compounds such as caffeine, chlorogenic acid, trigonelline,
and melanoidins are characterized by antioxidant activity, which can limit lipid peroxidation. The effect of consuming
coffee prepared in different ways has been analysed in numerous clinical studies. This article summarizes the current

knowledge on the effects of coffee on the lipid profile and risk of atherosclerosis.

Key words: coffee, lipid disorders, atherosclerotic cardiovascular diseases

Introduction

For years, lipid disorders have been ranked as the most
common atherosclerotic cardiovascular disease (ASCVD)
risk factor worldwide [1].

The most common lipid disorder in Poland is hypercho-
lesterolemia, involving elevated levels of LDL-C (low-dens-
ity lipoprotein cholesterol) fraction above the recommen-
ded values for a given cardiovascular risk group [2]. The
WOBASZ Il study (Multi-centre National Population Health
Examination Survey), which included 5947 subjects aged
20-99, revealed that hypercholesterolemia was present
in 67.1% of them (64.3% of women and 70.3% of men, re-
spectively) [3]. These results indicate that the number of
patients with hypercholesterolemia in Poland may be as
high as 20 million.

Folia Cardiologica 2023; 18, 1: 24-30

Dietary habits have a very important effect on lipid pro-
file [4]. Therefore, given that coffee is an important com-
ponent of the Polish diet (on average, 1-2 cups of coffee
per capita/day are consumed in our country and 66% of
Poles declare regular consumption of coffee), its effect on
lipid profile cannot be ignored.

Coffee and lipid profile

A systematic review and meta-analysis of randomised clini-
cal trials by Schoeneck and Iggman concluded the effects
of different dietary components on LDL-C levels. In the case
of coffee, its effect on serum LDL-C levels was found to be
dependent on whether filter or non-filter coffee was consu-
med. Consumption of filter coffee versus non-consumption
of this beverage was not significantly associated with
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changes in serum LDL-C levels (MD = 0.03 mmol/L; 95%
Cl: -0.05 to 0.11). There was no significant difference
between coffee and tea consumption in relation to LDL-C
(MD = 0.14 mmol/L; 95% CI: -0.01 to 0.28). The com-
parison of filter coffee consumption and non-filter coffee
consumption revealed that the latter increased serum
LDL-C levels (MD = -0.39 mmol/L; 95% Cl: -0.49 to -0.30).
There was no significant effect on LDL-C of black coffee
versus decaffeinated coffee (MD = -0.02 mmol/L; 95% ClI:
-0.081t0 0.04), nor on consumption of more roasted versus
less roasted coffee (MD = 0.07 mmol/L; 95% CI: -0.08 to
0.23). Based on the results of this meta-analysis, the effect
of coffee consumption on LDL-C depends on whether the
brew is filter or non-filter [5].

A study by Miranda et al. [6], involving 4736 Brazilians,
assessed the effect of the intensity of coffee consumption
(£1, 1-3 and >3 cups/day; cup = 50 mL espresso) on li-
pid profile. After including other risk factors, it was found
that consumption of up to 3 cups of coffee a day did not
alter the lipid profile (total cholesterol [B = 2.67; 95% Cl:
-0.10 to 5.41], triglycerides [B = 5.61; 95% Cl: -0.71 to
11.93], LDL-C [B = 2.13; 95% CI: -0.13 to 4.40], HDL-C
[8=0.11;95% Cl: -0.89 to 1.11] and triglyceride-rich lipopro-
teins [B = 5.26; 95% Cl: -0.46 to 10.97]). Consumption of
>3 cups of coffee a day was associated with some lipopro-
tein-increasing effects (total cholesterol [ = 4.13; 95% Cl:
0.811to 7.45], triglycerides [ =9.53; 95% Cl: 1.65-17.42],
LDL-C [B = 2.39; 95% Cl: -0.37 to 5.14], HDL-C [B = 0.44;
95% CI: -0.75 to 1.64] and triglyceride-rich lipoproteins
[B=8.42; 95% Cl: 1.24-15.60]). The results of this study
indicate that the consumption of 1-3 cups of coffee a day
does not affect the lipid profile [6].

A randomised clinical trial by Gongalinho et al. [7], invol-
ving 53 healthy subjects analysed the effect of consuming
450-600 mL/day of filter Arabica or a filter blend of Arabica
and Robusta on sirtuin-1, homocysteine and lipid levels. It
should be borne in mind that Arabica is considered the ol-
dest and the most high-quality type of coffee, originating in
Ethiopia. It is cultivated in mountainous areas, at approxi-
mately 20-25 degrees Celsius, contains less caffeine than
Robusta, while it may contain more fats and sugars than Ro-
busta (fats in Arabica beans are approximately 6-9% while
for Robusta they are approximately 3-7%, and sugars are
15-17% of Arabica beans compared to 10-11.5% for Robu-
sta). Robusta, or Congolese coffee, originates from Central
Africa but is also grown in other areas of the world (mainly in
the intertropical zone). After 8 weeks of intervention, it was
revealed that consumption of Arabica or a blend of Arabica
and Robusta significantly increased sirtuin-1 levels (0.51 to
0.58 ng/mL; p = 0.004, and from 0.40 to 0.49 ng/mL;
p = 0.003) but had no effect on homocysteine levels. In
terms of the lipid profile, it was found that consumption
of a blend of Arabica and Robusta was associated with
increases in total cholesterol (from 4.70 to 5.17 mmol/L;

p < 0.001), LDL-C (from 2.98 to 3.32 mmol/L; p < 0.001)
and HDL-C (from 1.26 to 1.36 mmol/L; p < 0.001). In this
study, coffee consumption did not affect triglyceride levels.
The observed differences in terms of the effects of pure Ara-
bica and its blend with Robusta are probably due to the diffe-
rent polyphenol content (more caffeine, less polyphenols in
Robusta). The results of this study indicate that, with a view
to the lipid profile, filter Arabica coffee should be preferred
[7]. Astudy by Gebeyehu et al. [8], involving 70 healthy sub-
jects, assessed the effect of consuming 100% filter Ethio-
pian Arabica on lipid profile. Consumption of filter Arabica
was found to be associated with a reduction in triglyceride
levels (p < 0.01), while having a non-significant effect on
total cholesterol and LDL-C levels [8]. The results of a stu-
dy by Svatun et al. [9], involving 21 083 subjects from the
Tromsg Study in Northern Norway, cannot be overlooked.
This study analysed the effect of coffee consumption on se-
rum total cholesterol levels. It was found that consumption
of 1-2 cups of espresso or filter coffee a day did not have
a statistically significant effect on serum total cholesterol
levels (in contrast to consumption of 3-5 cups of these
brews a day). Consumption of 1-2 cups of boiled coffee/
/day revealed how significant the effect on an increase in se-
rum total cholesterol levels was. Instant coffee at 1-2 cups/
/day significantly increased serum total cholesterol levels
in men; this effect was not observed in women [9]. The re-
sults of this study indicate that there should be a preferen-
ce to consume espresso or filter coffee at 1-2 cups/day,
bearing in mind the lipid profile.

Zhou and Hyppdnen’s study of 36 2571 subjects from
the UK Biobank database assessed the effect of regular
coffee consumption on lipid profile. There was a dose-de-
pendent slight increase in LDL-C (1-2 cups of coffee/day:
B =0.06 mmol/L; 95% Cl: 0.05-0.07; > 6 cups of coffee/
/day: B=0.13 mmol/L; 95% CI: 0.11-0.15) and this effect
did not differ significantly by the type of coffee consumed:
ground, decaffeinated or instant. HDL-C also revealed incre-
ased levels (1-2 cups of coffee/day: f = 0.01 mmol/L; 95%
Cl: 0.01-0.01; > 6 cups of coffee/day: B = 0.01 mmol/L;
95% CI: 0.01-0.02), however, this effect only applied to
ground and instant coffee. Coffee consumption was also
dose-dependently associated with increased total choleste-
rol levels (1-2 cups of coffee/day: B = 0.08 mmol/L; 95%
Cl: 0.07-0.09; > 6 cups of coffee/day: B = 0.15 mmol/L;
95% CI: 0.13-0.18), regardless of the type of brew consu-
med. In terms of triglycerides, the information is more op-
timistic since consumption of coffee did not affect or could
even gently reduce their levels (1-2 cups of coffee/day:
B = 0.01 mmol/L; 95% CI: 0.00-0.02; > 6 cups of cof-
fee/day: B = -0.07 mmol/I; 95% CI: -0.09 to -0.05), and
this effect was common across all analysed types of cof-
fee. The effect of coffee consumption on apolipoprotein B
(apoB) and apolipoprotein Al (apoA1l) levels was also ana-
lysed. There was a dose-dependentincrease in apoB levels
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(1-2 cups of coffee/day: p = 0.01 g/L; 95% Cl: 0.01-0.01;
> 6 cups of coffee/day: B = 0.02 g/I; 95% CI: 0.02-0.03),
which was independent of coffee type. In terms of apoAl,
coffee consumption may or may not have increased its le-
vels (1-2 cups of coffee/day: f = 0.01 g/L; 95% CI: 0.00-
-0.01; > 6 cups of coffee/day: B = 0.00 g/L; 95% CI:
-0.01 to 0.01), with the most beneficial effect observed
when ground coffee was consumed, followed by instant
coffee. Another study found a positive association be-
tween coffee consumption and LDL-C/total cholesterol/
/apoB. The results of this prospective study indicate that
coffee consumption may be associated with increased
LDL-C, total cholesterol and apoB levels. Nevertheless, it
should be emphasised that in terms of Polish conditions,
where 1-3 cups of coffee/day are consumed on average,
an increase in LDL-C of approximately 2 mg/dL and total
cholesterol of 3 mg/dL can be expected, which is not clini-
cally significant. Furthermore, as the authors of the study
point out, an important limiting factor is that the respon-
dents reported coffee consumption in a questionnaire. It
is also impossible to assess exactly what the kahweol and
cafestol content of coffees consumed by the subjects was.
The importance of this issue is indicated, for example, by
the fact that consumption of instant coffee increased LDL-C
and total cholesterol levels to a lesser extent compared to
ground coffee, while this is the coffee that contains less
kahweol and cafestol [10].

A meta-analysis of 12 randomised clinical trials by Du
et al. [11], involving 1182 subjects, concluded the effects
of coffee consumption on the risk of dyslipidemia. The re-
sults of this meta-analysis are shown in Table 1.

The results of this meta-analysis indicate that consump-
tion of higher amounts of coffee may be associated with
increased levels of specific lipid fractions. A dose-effect
analysis revealed that consumption of 1-3 cups of coffee/
/day (preferably filter coffee) had no effect on LDL-C, HDL-C
and triglyceride levels, whereas it had a borderline effect
on total cholesterol levels [11]. The results obtained in this
meta-analysis are in line with those obtained several ye-
ars ago in a meta-analysis of 12 randomised clinical trials
by Cai et al. [12]. It was found that consumption of filter
coffee had a slight effect on total cholesterol levels (diffe-
rence: 3.6 mg/dL; 95% Cl: 0.6-6.6), while it had no signi-
ficant effect on LDL-C and triglycerides. Moreover, a dose-
-dependent effect was also found. Consumption of up to
6 cups of coffee/day had little effect on total cholesterol
levels (difference: 4.2 mg/dL; 95% Cl: 1.3-7.1) and no ef-
fect on LDL-C and triglycerides [12]. Moreover, these results
are fully in line with the results of the meta-analysis review
of the effects of coffee on human health by Poole et al.
It was found that consumption of non-filter coffee significan-
tly increased total cholesterol, LDL-C and triglyceride levels,
while consumption of filter brew increased total cholesterol

levels only slightly. Decaffeinated coffee consumption was
not associated with changes in lipid profile [13]. The re-
sults of this meta-analysis indicate that the consumption
of 1-3 cups of coffee/day, preferably filter, remains safe
from the point of view of the risk of lipid disorders.

A systematic review by Penson et al. [14], involving
640 subjects, analysed the effect of coffee consumption on
lipoprotein (a) levels. It was found that consumption of filter
coffee might be associated with a reduction in lipoprotein
(a) levels, while non-filter coffee had the opposite effect.
The authors indicate that the effect of coffee consumption
on lipoprotein (a) depends on how coffee is prepared [14].

In terms of lipid profile, the less investigated green cof-
fee should be mentioned. A meta-analysis of 17 randomised
clinical trials by Ding et al. [15], revealed that decaffeina-
ted coffee consumption was associated with a reduction in
total cholesterol levels (weighted mean difference [WMD]
=-4.51 mg/dL; 95% Cl: -6.90 to -2.13), increased HDL-C
levels (WMD = 2.64 mg/dL; 95% Cl: 2.21 to 3.07), decrea-
sed LDL-C levels (WMD = -4.38 mg/dL; 95% Cl: -6.45 to
-2.32), and a non-significant effect on triglyceride levels
(WMD = -4. 34 mg/dL; 95% Cl: -9.00 to 0.32) [15]. The
results of this meta-analysis indicate that green coffee con-
sumption has some hypolipemic effects.

In summary, the results of recent studies and meta-ana-
lyses indicate that the consumption of 1-3 cups of coffee/
/day, preferably filter coffee, has no effect on lipid profile.

From coffee through lipid profile
to atherosclerosis

The strong interest in the effect of coffee consumption on
lipid disorders is also associated with previous observations
showing that consumption of this beverage was associated
with a higher risk of coronary artery disease (CAD). A very
interesting paper by Shirai et al. [16] reviewed studies eva-
luating the effect of coffee consumption on CAD risk, pub-
lished from 1990 to 2018. The analysis covered more than
one million subjects from 147 countries. Interestingly, it
was found that the assessment of the association between
coffee consumption and the risk of CAD and death in CAD
over the period 1990-2018 changed from unfavourable
to favourable [16]. There are several explanations for this.
A multi-centre study by Tverdal et al. [17], involving more
than 500 000 subjects who were observed for 20 years, fo-
und that cardiovascular disease (CVD) mortality was higher
in those who consumed non-filter coffee than those who
consumed filter coffee. Furthermore, a similar relationship
was found in terms of CAD risk [17]. The explanation for
these differences lies in the way the coffee is prepared,
as filtering the brew leads to a reduction in kahweol and
cafestol, i.e., diterpenoids with hyperlipidemic effects [18].
There was a significant difference in terms of the effect of
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Table 1. Effect of coffee consumption on lipid profile — results of a meta-analysis by Du et al. 2020 [11]

Lipid fraction

Study group/subgroup

Number of RCT Effect

[mmol/L]

Total cholesterol Overall effect
Filter coffee
Boiled coffee
Instant coffee
1-3 cups/day
3-5 cups/day
> 6 cups/day
< 6 weeks
> 6 weeks
LDL-C Overall effect

Filter coffee
Boiled coffee
1-3 cups/day
3-5 cups/day
> 6 cups/day
< 6 weeks
> 6 weeks
HDL-C Overall effect
Filter coffee
Boiled coffee
1-3 cups/day
3-5 cups/day
> 6 cups/day
< 6 weeks
> 6 weeks

Triglycerides Overall effect

Boiled coffee
Decaffeinated coffee

1-3 cups/day

3-5 cups/day

> 6 cups/day

< 6 weeks
> 6 weeks

(WMD [95% CI]); mmol/L
0.21 (0.04-0.39)
0.10 (0.17-0.37)
0.30(0.06-0.53
0.08 (0.06-0.21
0.11 (0.03-0.23

0.14 (0.03-0.31

(
(
(
(
(

[N
N

0.52 (0.40-0.54
0.24 (0.06-0.41
0.20(0.04-0.36
10 0.14 (0.05-0.24

~N O B~ O W N W W

)
)
)
)
)
)
)
)
2 0.12 (0.24-0.47)
3 0.14 (0.08-0.46)
2 0.10 (-0.17 t0 0.36)
5 0.12 (0.06-0.30)
4 0.43 (0.19-0.67)
3 0.13 (0.00-0.25)
7 0.18 (0.03-0.33)
10 -0.01 (-0.06 to -0.04)
-0.02 (-0.12 10 0.09)
-0.05 (-0.15 t0 0.05)
-0.01(-0.12 t0 0.11)
-0.02 (-0.06 t0 0.02)
0.00 (-0.07 t0 0.07)
-0.01 (-0.04 10 0.02)
-0.04 (-0.10 t0 0.03)
0.12 (0.03-0.20)
0.25 (0.08-0.41)
0.00 (-0.09 to 0.09)
0.04 (-0.26 t0 0.50)
0.12 (0.01-0.24)
0.25 (0.16-0.34)
0.08 (0.02-0.18)
0.15 (0.02-0.33)

B WO N W NN NN N PRW oD NN

Cl — confidence interval; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein cholesterol; RCT — randomized controlled trial; WMD — weighted mean difference

filter and non-filter coffee on lipid profile in the previously
discussed meta-analysis by Du et al. (Table 1) [11], as well
as the meta-analysis by Cai et al. [12]. The evidence in the
1990s of the effect of coffee filtering in reducing adverse
changes in lipid profile led to the spread of this method of
preparing this brew. Currently, filtering coffee using a paper
filter is common in many parts of the world, especially in
high-income countries [16]. In recent years, some coffee

drinkers may have switched from non-filter (Turkish) coffee
to filter coffee [16].

In terms of atherosclerosis, it is useful to examine the
effect of coffee consumption on the risk of peripheral artery
disease (PAD), which is a very good model for research into
this process. A study by Hoek et al. [19] assessed the rela-
tionship between different dietary components and the risk
of PAD. Participants of the Million-Veteran-Program (MVP)
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Figure 1. Chemical structure of diterpenoids: A. kahweol and B. cafestol

genome-wide association studies (cases: 31 307, controls:
211 753) and the GoLEAD-SUMMIT genome-wide associa-
tion studies (cases: 12 086, controls: 449 548) were in-
cluded in the study. There was no significant cause-and-
-effect relationship between coffee consumption and the
risk of PAD (MVP, OR = 1.19; 95% CI: 0.92-1.54 and
GOLEAD-SUMMIT, OR = 1.13; 95% Cl: 0.75-1.69) [19].

In conclusion, the consumption of filter coffee does not
affect, and may even be beneficial in preventing the pro-
cess of atherosclerosis.

Chemical explanation of the difference
in terms of the effect of coffee
consumption on lipid profile

The way coffee is prepared significantly influences the
effects on changes in lipid profile. In the course of filtering
coffee, excess diterpenoids — kahweol and cafestol — are
removed (Figure 1) [18, 20].

Compared to traditionally brewed Turkish coffee, i.e.
non-filter coffee, the kahweol and cafestol content in filter
coffee is not significant. It should also be borne in mind
that the content of kahweol and cafestol depends on the
type of coffee [20].

Kahweol and cafestol have hyperlipidemic effects
(especially cafestol in humans). In hepatocytes, these com-
pounds reduce the number of receptors for LDL-C (down-
-regulation), while in plasma they increase cholesteryl ester
transfer protein and phospholipid transfer protein levels
[18]. Furthermore, a mixture of kahweol and cafestol can
reduce LCAT (lecithin: cholesterol acyltransferase) activity
[17]. Kahweol and cafestol, through activation of the nuc-
lear receptors FXR and PXR, can reduce the synthesis of
sterol 27-hydroxylase and oxysterol 7-ahydroxylase, thereby
reducing the conversion of cholesterol into bile acids [18].
It should be noted that with long-term coffee consumption,

the hyperlipidemic effect of these diterpenoids is reduced
[18]. Interestingly, in addition to the adverse hyperlipide-
mic effects of these diterpenoids, they show several bene-
ficial effects, such as anti-inflammatory effects, anti-cancer
effects, anti-diabetic effects, and anti-osteoporotic effects
[18]. Hence the widespread recommendation to prefer filter
coffee, which seems justified in those with uncontrolled,
severe hypercholesterolemia but is controversial in other
populations. It cannot be ruled out that many of the pleio-
tropic benefits that are observed with regular coffee con-
sumption may result precisely from the presence of kah-
weol and cafestol in coffee.

Consumption of caffeinated coffee was found to
increase lipid levels compared to decaffeinated brew
[13]. Caffeine — through antagonism to certain adenosine
receptor subtypes, reduction of phosphodiesterase activity
in adipocytes and increased secretion of catecholamines
— enhances lipolysis, resulting in the release of free fatty
acids into the circulation [21]. This can have an adverse
effect with a sedentary lifestyle and poor eating habits. The
released free fatty acids are then not re-deposited in adi-
pose tissue, however, they can serve to produce de novo
triglycerides and subsequently very low-density lipoprote-
in and LDL-C [22]. In conclusion, the effect of caffeine on
lipid profile depends not so much on its consumption but
on eating habits and lifestyle of a given person.

Interestingly, in vitro and in vivo studies by Ontawong
et al. [23] revealed that coffee pulp — an aqueous extra-
ct of coffee bean waste from the first stage of coffee pro-
duction — acted similarly to ezetimibe, i.e., it reduced the
activity of Niemann-Pick C1-Like 1 (NPC1L1) protein [23].
Furthermore, an in vivo study revealed that coffee polyphe-
nols inhibited diet-induced fat accumulation by reducing
the expression (down-regulation) of sterol regulatory ele-
ment-binding transcription factor 1¢ (SREBP-1c) protein
[24]. Caffeine, chlorogenic acid, trigonelline, melanoidins,
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and kahweol and cafestol, as a result of their antioxidant
properties, can also reduce lipid peroxidation and thus
the formation of highly proatherogenic oxidised LDL fra-
ctions [25].

The resultant effect of coffee on lipid profile depends
on the content of kahweol, cafestol, as well as other bio-
logically active compounds such as chlorogenic acid (high
contentin green coffee, the consumption of which had a be-
neficial effect on lipid profile) or trigonelline, which have
beneficial effects on lipid metabolism [26].

According to consumer research conducted by the SW
Research Agencja Badan Rynku i Opinii on behalf of the
Nespresso Poland brand, more than half of Poles consu-
me non-filter coffee (39% ground coffee; 14% coffee from
an espresso machine, 11% coffee from a moka pot), i.e.
coffee with a higher diterpenoid content. Therefore, it se-
ems useful to raise the issue of the effect of coffee on li-
pid profile in Polish society.

Coffee and lipids through the prism of
guidelines/recommendations of scientific
societies

The European Society of Cardiology CVD prevention guide-
lines (2021) indicate that consumption of non-filter coffee
may increase LDL-C and the risk of ASCVD [27].

The Interdisciplinary Expert Position Statement suppor-
ted by the Cardiovascular Pharmacotherapy Section of the
Polish Cardiac Society on the treatment of dyslipidemia in
Poland (Sopot Declaration 1V) indicated that the consump-
tion of decaffeinated and filter coffee does not affect the
lipid profile, while the consumption of non-filter coffee may
have a moderate to high hyperlipidemic effect [28].

Conclusions

Lipid disorders are a significant global problem. The main
risk factors for their occurrence are poor eating habits and
a sedentary lifestyle. Coffee consumption plays an impor-
tant role in the diet of Poles. Results from large studies and
meta-analyses in recent years indicate that consumption of
1-3 cups of filter coffee is safe in terms of the risk of lipid
disorders. It should be stressed, however, that this is black
coffee (espresso) without added sugar or milk. It should
also be noted that dietary habits have been changing in
recent years, with a trend towards drinking a higher average
number of cups of coffee a day, even 3-5/day, which may
be associated with a slight increase in cholesterol levels
but still without clinical significance, especially for patients
at low and moderate cardiovascular risk.

When considering the effect of coffee on lipid profile,
several principles are useful to follow:

The effect of chronic coffee consumption, in the avera-
ge number of cups/day typical of Poland, does not appear
to be clinically relevant.

Although nearly 20 million Poles suffer from lipid disor-
ders, proper treatment of these should in no way interfere
with a coffee-drinking habit of 1-3 cups a day.

For a small group of individuals with uncontrolled high
lipid values, a preference for filter, kahweol- and cafestol-
-free, optimally pure Arabica coffee could be recommended.

However, the widespread application of this principle
is questionable due to the potential benefits of the pleio-
tropic effects of kahweol and cafestol contained in coffee
on other physiological activities in addition to the effect
on lipid profile.
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Streszczenie

Zaburzenia lipidowe od lat sg najczestsza przyczyna choréb uktadu krazenia pochodzenia miazdzycowego w Polsce. Naj-
nowsze dane wskazuja, ze okoto 20 miliondw os6b w Polsce ma hipercholesterolemie. Bardzo istotnie na profil lipidowy
wptywajg nawyki zywieniowe. Dlatego, biorac pod uwage fakt, ze waznym sktadnikiem diety Polakow jest kawa (Srednio
w naszym kraju spozywa sie 1-2 filizanki kawy/mieszkanca/dobe, a 66% Polakow deklaruje regularne jej spozywanie),
nie mozna pomina¢ jej wptywu na profil lipidowy. Kawa zawiera ponad 1000 zwigzkéw chemicznych, z ktorych w kontek-
Scie lipidologii najwazniejsze sg kahweol i kafestol — zwigzki ktére mogg dziataé hiperlipemizujaco. Z kolei kofeina, kwas
chlorogenowy, trigonelina oraz melanoidyny charakteryzuijg sie dziataniem antyoksydacyjnym przez co mogg ograniczac
peroksydacje lipidow. Wptyw spozywania kawy przyrzadzonej w rézny sposob byt analizowany w licznych badaniach kli-
nicznych. W tym artykule podsumowano aktualng wiedze w zakresie wptywu kawy na profil lipidowy i ryzyko miazdzycy.

Stowa kluczowe: kawa, zaburzenia lipidowe, choroby uktadu krazenia pochodzenia miazdzycowego

Wprowadzenie

Zaburzenia lipidowe od lat znajduja sie na czotowym miej-
scu wsrdd najczesciej wystepujacych na Swiecie czynnikow
ryzyka chordb uktadu krgzenia pochodzenia miazdzycowe-
go (ASCVD, atherosclerotic cardiovascular disease)[1].
Najczesciej wystepujacym zaburzeniem lipidowym
w Polsce jest hipercholesterolemia przebiegajaca z pod-
wyzszonym stezeniem cholesterolu frakcji lipoprotein o ni-
skiej gestosci (LDL-C, low-density lipoprotein cholesterol)
przekraczajacym wartosSci zalecane w danej grupie ryzyka
sercowo-naczyniowego [2]. W badaniu WOBASZ Il (Wielo-
osrodkowe Ogblnopolskie Badanie Stanu Zdrowia Ludnosci),
ktére obejmowato 5947 oséb w wieku 20-99 lat wykaza-
no, ze hipercholesterolemia wystepowata u 67,1% z nich
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(odpowiednio u 64,3% kobiet i 70,3% mezczyzn) [3]. Wy-
niki te wskazuja, ze liczba chorych z hipercholesterolemig
w Polsce moze siegac nawet 20 miliondow.

Bardzo istotny wptyw na profil lipidowy majg nawyki zy-
wieniowe [4]. Dlatego, biorac pod uwage fakt, ze waznym
sktadnikiem diety Polakdéw jest kawa (Srednio w naszym
kraju spozywa sie 1-2 filizanki kawy/mieszkanca/dobe,
a 66% Polakéw deklaruje regularne jej spozywanie), nie
mozna pominaé jej wptywu na profil lipidowy.

Kawa a profil lipidowy
W przegladzie systematycznym i metaanalizie badan Kli-

nicznych z randomizacjg przeprowadzonej przez Schoeneck
i Iggman [5] dokonano podsumowania wptywu réznych
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sktadnikéw diety na stezenie LDL-C. W przypadku kawy
wykazano, ze jej oddziatywanie na stezenie LDL-C w suro-
wicy byto zalezne od tego, czy spozywano kawe filtrowang
czy niefiltrowana. Spozywanie kawy filtrowanej versus
niespozywanie tego napoju nie byto istotnie zwigzane
z zmianami w stezeniu LDL-C w surowicy [r6znica Srednich
(MD, mean difference) = 0,03 mmol/I; 95-procentowy
przedziat ufnosci (Cl, confidence interval): -0,05 do
0,11). Nie wykazano istotnej réznicy pomiedzy spozywa-
niem kawy a herbaty w odniesieniu do LDL-C (MD = 0,14
mmol/I; 95% Cl: -0,01 do 0,28). Poréwnujgc spozywanie
kawy filtrowanej ze spozywaniem kawy niefiltrowanej wy-
kazano, ze ta druga zwiekszata stezenie LDL-C w surowicy
(MD = -0,39 mmol/l; 95% CI: -0,49 do -0,30). Nie wyka-
zano istotnego wptywu na LDL-C czarnej kawy versus kawy
bezkofeinowej (MD = -0,02 mmol/I; 95% Cl: -0,08 do
0,04) ani spozywania kawy bardziej palonej versus mniej
palonej (MD = 0,07 mmol/l; 95% Cl: -0,08 do 0,23). Na
podstawie wynikow tej metaanalizy nalezy stwierdzi¢, ze
wptyw spozywania kawy na LDL-C zalezy od tego, czy napar
jest filtrowany.

W badaniu Miranda i wsp. [6], obejmujacym 4736 Bra-
zylijczykdw oceniano wptyw intensywnosci spozywania kawy
(£1, 1-3 oraz > 3filizanki/dobe; filizanka = 50 ml espres-
s0) na profil lipidowy. Badano stezenia cholesterolu catkowi-
tego (TC, total cholesterol), triglicerydow (TG, triglicerydes),
LDL-C i cholesterolu frakcji lipoprotein o wysokiej gestosci
(HDL-C, high-density lipoprotein cholesterol). Po uwzgled-
nieniu innych czynnikdw ryzyka wykazano, ze spozywanie do
3filizanek kawy/dobe nie wptywato na zmiane profilu lipido-
wego [TC (B = 2,67; 95% Cl: -0,10 do 5,41), TG (B = 5,61;
95% Cl: -0,71 do 11,93), LDL-C (B = 2,13; 95% Cl: -0,13 do
4,40), HDL-C (B = 0,11; 95% CI: -0,89 do 1,11) oraz lipo-
proteiny bogate w TG (B = 5,26; 95% Cl: —0,46 do 10,97)].
Spozywanie > 3 filizanek kawy/dobe zwiekszato stezenie
lipoprotein [TC (B = 4,13; 95% Cl: 0,81-7,45), TG (B = 9,53;
95% Cl: 1,65-17,42), LDL-C (B = 2,39; 95% CI: -0,37 do
5,14), HDL-C (B = 0,44; 95% Cl: -0,75 do 1,64) oraz lipo-
proteiny bogate w TG (B = 8,42; 95% Cl: 1,24-15,60)]. Wy-
niki tego badania wskazujg, ze spozywanie 1-3 filizanek
kawy/dobe nie wptywa na profil lipidowy.

W badaniu klinicznym z randomizacja autorstwa Gonca-
linho i wsp. [7], obejmujgcym 53 osoby zdrowe analizowano
wptyw spozywania 450-600 ml/dobe filtrowanej arabiki lub
filtrowanej mieszanki arabiki i robusty na stezenie sirtuiny-1,
homocysteiny i lipidow. Warto przypomnieé, ze arabike uzna-
je sie za najszlachetniejszy i najstarszy rodzaj kawy, pocho-
dzacy z Etiopii. Uprawiana na terenach gorzystych, w tem-
peraturze okoto 20-25 st. C, zawiera mniej kofeiny niz ro-
busta, natomiast moze wiecej ttuszczow i cukrow (tluszcze
w ziarnie arabiki stanowig okoto 6-9%, podczas gdy dla ro-
busty jest to okoto 3-7%, natomiast cukry to 15-17% ziarna
arabiki, przy 10-11,5% dla robusty). Robusta, czyli inacze;j
kawa kongijska, wywodzi sie ze Srodkowej Afryki, ale jest

tez uprawiana w innych rejonach Swiata (gtéwnie w strefie
miedzyzwrotnikowej). Po 8 tygodniach interwencji wykaza-
no, ze spozywanie arabiki lub mieszanki arabiki i robusty
istotnie zwiekszato stezenie sirtuiny-1 (0,51 do 0,58 ng/ml,
p = 0,004, oraz z 0,40 do 0,49 ng/ml, p = 0,003), nato-
miast nie wptywato na stezenie homocysteiny. W kontekscie
profilu lipidowego stwierdzono, ze spozywanie mieszanki
arabiki i robusty byto zwigzane ze zwiekszeniem stezenia
TC (z 4,70 do 5,17 mmol/I, p < 0,001), LDL-C (z 2,98 do
3,32 mmol/l, p <0,001) oraz HDL-C (z 1,26 do 1,36 mmol/I,
p < 0,001). W tym badaniu spozywanie kawy nie wptywato
na stezenie TG. Obserwowane réznice we wptywie czystej
arabiki i jej mieszanki z robustg wynikajg zapewne z zr6z-
nicowanej zawartosci polifenoli (w robuscie wiecej kofeiny,
mniej polifenoli). Wyniki tego badania wskazujg, ze majgc
na wzgledzie profil lipidowy, nalezy preferowa¢ filtrowang
kawe gatunku arabika [7]. W badaniu Gebeyehu i wsp. [8],
obejmujacym 70 zdrowych 0s6b, oceniano wptyw spozy-
wania w 100% filtrowanej etiopskiej arabiki na profil lipido-
wy. Wykazano, ze zmniejszato ono stezenia TG (p < 0,01),
natomiast nieistotnie wptywato na stezenie TC i LDL-C. Nie
mozna nie wspomnieé¢ o wynikach badania Svatun i wsp.
[9], obejmujacego 21 083 0s6b z Tromsg Study in Northern
Norway. W badaniu tym analizowano wptyw spozywania
kawy na stezenie TC w surowicy. Wykazano, ze spozywanie
dziennie 1-2 filizanek espresso lub kawy filtrowanej nie
wplywato istotnie statystycznie na stezenie TC w surowicy
(w przeciwienstwie do spozywania 3-5 filizanek tych na-
paréw/dobe). W przypadku spozywania 1-2 filizanek kawy
gotowanej/dobe wykazano, jak istotny jest wptyw na zwiek-
szenie stezenia TC w surowicy. Kawa rozpuszczalna w iloSci
1-2 filizanek/dobe istotnie zwiekszata stezenie TC w suro-
wicy u mezczyzn, a efektu tego nie obserwowano u kobiet.
Wyniki tego badania wskazuja, ze powinno sie preferowaé
spozywanie espresso lub kawy filtrowanej w ilosci 1-2 fili-
zanek/dobe, majgc na uwadze profil lipidowy.

W badaniu Zhou i Hyppdnen [10], obejmujgcym
362 571 0s6b z bazy UK Biobank oceniano wptyw regular-
nego spozywania kawy na profil lipidowy. Wykazano zalezne
od dawki niewielkie zwiekszenie LDL-C (1-2 filizanki kawy/
/dobe: B = 0,06 mmol/I; 95% CI: 0,05-0,07; > 6 filizanek
kawy/dobe: f = 0,13 mmol/l; 95% Cl: 0,41-0,15) i efekt ten
nie roznit sie istotnie ze wzgledu na typ spozywanej kawy:
mielona, bezkofeinowa czy rozpuszczalna. W przypadku
HDL-C takze wykazano zwiekszenie stezenia (1-2 filizanki
kawy/dobe: f = 0,01 mmol/I; 95% Cl: 0,01-0,01; > 6 fili-
zanek kawy/dobe: B = 0,01 mmol/I; 95% Cl: 0,01-0,02),
przy czym efekt ten dotyczyt jedynie kaw mielonej i rozpusz-
czalnej. Spozywanie kawy byto takze w sposéb zalezny od
dawki zwigzane ze zwiekszeniem stezenia TC (1-2 filizanki
kawy/dobe: B = 0,08 mmol/I; 95% CI: 0,07-0,09; > 6 filiza-
nek kawy/dobe: B = 0,15 mmol/I; 95% Cl: 0,13-0,18), bez
wzgledu na typ spozywanego naparu. W odniesieniu do TG
informacje sg bardziej optymistyczne, bowiem spozywanie
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kawy nie wptywato, a nawet mogto delikatnie zmniejsza¢ ich
stezenie (1-2 filizanki kawy/dobe: B = 0,01 mmol/I; 95%
Cl: 0,00-0,02; > 6 filizanek kawy/dobe: = -0,07 mmol/I;
95% Cl: -0,09 do -0,05), a efekt ten byt wspélny dla roz-
nych typéw kawy. Analizowano takze wptyw spozywania
kawy na stezenie apolipoproteiny B (apoB) oraz apolipopro-
teiny A1 (apoAl). Wykazano zalezne od dawki zwiekszenie
stezenia apoB (1-2 filizanki kawy/dobe: B = 0,01 g/1; 95%
Cl: 0,01-0,01; > 6 filizanek kawy/dobe: B = 0,02 g/I;
95% CI: 0,02-0,03), ktére byto niezalezne od typu kawy.
W odniesieniu do apoAl spozywanie kawy mogto zwiek-
szaé badzZ nie wptywato na jej stezenie (1-2 filizanki kawy/
/dobe: B = 0,01g/1; 95% Cl: 0,00-0,01; > 6 filizanek
kawy/dobe: =0,00 g/1; 95% CI: -0,01 do 0,01), przy czym
najkorzystniejszy efekt obserwowano w przypadku spozy-
wania kawy mielonej, a nastepnie rozpuszczalnej. W innej
analizie stwierdzono dodatni zwigzek pomiedzy spozywa-
niem kawy a LDL-C, cholesterolem catkowitym i apoB. Wyni-
ki tego prospektywnego badania wskazuja, ze spozywanie
kawy moze by¢ zwigzane ze zwiekszeniem stezenia LDL-C,
TC oraz apoB. Nalezy jednak podkresli¢, ze w przeliczeniu
na polskie warunki, gdzie spozywa sie Srednio 1-3 filizanki
kawy/dobe mozna oczekiwac zwiekszenia stezenia LDL-C
o okoto 2 mg/dl, a cholesterolu catkowitego o 3 mg/dl,
co z klinicznego punktu widzenia nie ma istotnego zna-
czenia. Co wiecej, jak wskazujg autorzy badania, istotnym
czynnikiem ograniczajgcym jest to, ze badani raportowali
spozycie kawy w kwestionariuszu. Nie mozna takze doktad-
nie ocenic, jaka byta zawartosé kahweolu i kafestolu w spo-
zywanych przez badanych kawach. Na istotng role tego
zagadnienia wskazuje na przyktad to, ze spozywanie kawy
rozpuszczalnej w mniejszym stopniu zwiekszato stezenie
LDL-C i TC w poréwnaniu do kawy mielonej, a to wtasnie ta
kawa zawiera mniej kahweolu i kafestolu.

W metaanalizie 12 badan klinicznych z randomiza-
cja, przeprowadzonej przez Du i wsp. [11], obejmujacej
1182 osoby dokonano podsumowania wptywu spozywania
kawy na ryzyko wystapienia dyslipidemii. Wyniki tej meta-
analizy przedstawiono w tabeli 1.

Wyniki tej metaanalizy wskazuja, ze spozywanie wiek-
szych ilosci kawy moze byé zwigzane ze zwiekszeniem
stezenia poszczegblnych frakcji lipidow. Analiza zalezno-
Sci dawka-efekt wykazata, ze spozywanie 1-3 filizanek
kawy/dzien (najlepigj filtrowanej) nie wptywato na steze-
nie LDL-C, HDL-C oraz TG, natomiast granicznie wptywato
na stezenie cholesterolu catkowitego [11]. Uzyskane w tej
metaanalizie wyniki sg zgodne z tymi uzyskanymi kilka lat
temu w metaanalizie 12 badan klinicznych z randomizacja,
przeprowadzonej przez Cai i wsp. [12]. Stwierdzono w niej,
ze spozywanie kawy filtrowanej w niewielkim stopniu wpty-
wato na stezenie TC (r6znica: 3,6 mg/dl; 95% Cl: 0,6-6,6),
natomiast nie wptywato znamiennie na LDL-C i TG. Co wie-
cej, wykazano takze efekt zalezny od dawki. Spozywanie
do 6 filizanek kawy/dobe w niewielkim stopniu wptywato

na stezenie TC (réznica: 4,2 mg/dl; 95% Cl: 1,3-7,1) i nie
wptywato na LDL-C i TG [12]. Co wiecej, w petni korespon-
dujg z nimi wyniki przeglagdu metaanaliz wptywu kawy na
zdrowie cztowieka, przeprowadzonego przez Poole i wsp.
[413]. Stwierdzono w nim, ze spozywanie kawy niefiltrowanej
istotnie zwiekszato stezenie TC, LDL-C i TG, natomiast spo-
zywanie naparu filtrowanego zwiekszato jedynie w niewiel-
kim stopniu stezenie TC. Spozywanie kawy bezkofeinowej
nie byto zwigzane ze zmianami profilu lipidowego [13]. Wy-
niki tej metaanalizy wskazuja, ze spozywanie 1-3 filizanek
kawy/dobe, najlepiej filtrowanej, z punktu widzenia ryzyka
zaburzen lipidowych, pozostaje bezpieczne.

W przegladzie systematycznym autorstwa Penson
i wsp. [14], obejmujacym 640 oséb analizowano wptyw
spozywania kawy na stezenie lipoproteiny (a). Wykaza-
no, ze spozywanie filtrowanej kawy moze by¢ zwigzane ze
zmniejszeniem stezenia lipoproteiny (a), natomiast kawy
niefiltrowanej z efektem przeciwnym. Autorzy wskazujg,
ze wplyw spozywania kawy na Lp(a) zalezy od sposobu jej
przygotowania.

W kontekscie profilu lipidowego warto wspomnie¢ o mniej
przebadanej zielonej kawie. W metaanalizie 17 badan kli-
nicznych z randomizacjg, przeprowadzonej przez Ding i wsp.
[15], wykazano, ze spozywanie kawy bezkofeinowej byto zwia-
zane ze zmniejszeniem stezenia TC [WMD (weighted mean
difference) = -4,51 mg/dl; 95% Cl: -6,90 do -2,13], zwiek-
szeniem stezenia HDL-C (WMD = 2,64 mg/dl; 95% Cl: 2,21-
-3,07), zmniejszeniem stezenia LDL-C (WMD = -4,38 mg/d|;
95% Cl: -6,45 do -2,32) oraz nieistotnym wptywem na
stezenie TG (WMD = -4,34 mg/dl; 95% CI: -9,00 do
0,32) [15]. Wyniki tej metaanalizy wskazuja, ze spozywa-
nie zielonej kawy charakteryzuje sie pewnym dziataniem
hipolipemizujgcym.

Podsumowujgc, wyniki najnowszych badan i metaana-
liz wskazujg, ze spozywanie 1-3 filizanek kawy/dobe, naj-
lepiej filtrowanej, pozostaje bez wptywu na profil lipidowy.

Od kawy przez profil lipidowy do miazdzycy

Duze zainteresowanie wplywem spozywania kawy na za-
burzenia lipidowe jest zwigzane takze z wczeSniejszymi ob-
serwacjami wskazujgcymi, ze spozywanie tego napoju byto
zwigzane z wiekszym ryzykiem choroby naczyh wieficowych
(CAD, coronary artery disease). W bardzo interesujgcej
pracy autorstwa Shiari i wsp. [16] dokonano przegladu
badan oceniajacych wptyw spozywania kawy na ryzyko
CAD, ktore publikowano w latach 1990-2018. Analiza
objeta ponad milion 0s6b z 147 krajéw. Co interesujace,
stwierdzono, ze ocena zwigzku pomiedzy spozywaniem
kawy a ryzykiem wystapienia CAD i zgonu w jej przebiegu
na przestrzeni 1990-2018 ulegta zmianie z niekorzystnej
na korzystna. Istnieje kilka wyttumaczen takiego stanu
rzeczy. W wielooSrodkowym badaniu, przeprowadzonym
przez Tverdal i wsp. [17], obejmujacym ponad 500 tysiecy
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Tabela 1. Wptyw spozywania kawy na profil lipidowy — wyniki metaanalizy przeprowadzonej przez Du i wsp. 2020 [11]

Frakcja lipidow

Grupa badana/ podgrupa

[mmol/I]

Cholesterol catkowity Efekt ogdlny
Kawa filtrowana
Kawa gotowana

Kawa rozpuszczalna

1-3 filizanki/dobe

3-5 filizanek/dobe

> 6 filizanek/dobe

< 6 tygodni
> 6 tygodni
LDL-C Efekt ogdiny
Kawa filtrowana
Kawa gotowana
1-3 filizanki/dobe
3-5 filizanek/dobe
> 6 filizanek/dobe
< 6 tygodni
> 6 tygodni

HDL-C Efekt ogoiny
Kawa filtrowana
Kawa gotowana

1-3 filizanki/dobe

3-5 filizanek/dobe

> 6 filizanek/dobe

< 6 tygodni

> 6 tygodni

Efekt ogolny
Kawa gotowana

Kawa bezkofeinowa

1-3 filizanki/dobe

3-5filizanek/dobe

> 6 filizanek/dobe
< 6 tygodni
> 6 tygodni

Trojglicerydy

Liczba RCT Efekt

(WMD [95% CI]) [mmol/I]
0,21 (0,04-0,39)
0,10 (0,17-0,37)
0,30 (0,06-0,53)
0,08 (0,06-0,21)
0,11 (0,03-0,23)
0,14 (0,03-0,31)
0,52 (0,40-0,54)

0,24 (0,06-0,41

0,20 (0,04-0,36

(
(

=
N

~N OB~ O W N W W

)
)

=
o

0,14 (0,05-0,24)
0,12 (0,24-0,47)
0,14 (0,08-0,46)
0,10 (-0,17 do 0,36)
0,12 (0,06-0,30)
0,43 (0,19-0,67)
0,13 (0,00-0,25)
0,18 (0,03-0,33)
-0,01 (-0,06 do -0,04)
-0,02 (-0,12 do 0.09)
-0,05 (-0,15 do 0,05)
-0,01(-0,12do 0,11)
(- )

~N W b~ oW N

=
o

-0,02 (-0,06 do 0,02
0,00 (-0,07 do 0,07)
-0,01 (-0,04 do 0,02)
-0,04 (-0,10 do 0,03)
0,12 (0,03-0,20)
0,25 (0,08-0,41)
0,00 (-0,09 do 0,09)
0,04 (-0,26 do 0,50)
0,12 (0,01-0,24)
0,25 (0,16-0,34)
0,08 (0,02-0,18)
4 0,15 (0,02-0,33)

W N W NN NN OO PWwW oD NN

RCTs (randomized controlled trials) — randomizowane badania kliniczne; WMD (weighted mean difference) — wazona $rednia réznica; LDL-C (low-density lipoprotein cholesterol) — cholesterol lipoprotein
frakeji niskiej gestosci; HDL-C (high-density lipoprotein cholesterol) — cholesterol lipoprotein frakcji wysokiej gestosci

0s6b, ktére obserwowano przez 20 lat, wykazano, ze Smier-
telnosé z powodu chordb uktadu krgzenia (CVD, cardiova-
scular disease) byta wyzsza u tych, ktorzy spozywali kawe
niefiltrowang niz tych, ktérzy spozywali kawe filtrowang. Co
wiecej, podobng zaleznos¢ stwierdzono w kontekscie ryzyka
wystgpienia CAD. Wyjasnieniem tych réznic jest sposéb

przygotowania kawy, bowiem filtrowanie naparu prowadzi do
ograniczenia ilosci kahweolu i kafestolu, czyli diterpenoidow
o0 dziataniu hiperlipemizujgcym [18]. Istotng réznice we
wptywie kawy filtrowanej i niefiltrowanej na profil lipidowy
wykazano w uprzednio oméwionej metaanalizie autorstwa
Du i wsp. (tab. 1) [11], jak i metaanalizie Cai i wsp. [12].
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Rycina 1. Struktura chemiczna diterpenoidéw — (A) kahweolu i (B) kafestolu

Wykazanie w latach 90. XX wieku wptywu filtrowania kawy
na ograniczenie niekorzystnych zmian w profilu lipidowym
spowodowato rozpowszechnienie tej metody przygotowy-
wania tego naparu. Obecnie filtrowanie kawy przy pomocy
papierowego filtra jest powszechne w wielu czeSciach
Swiata, zwtaszcza w krajach o wysokich dochodach [16].
Cze$¢ osbb spozywajacych kawe mogta w ostatnich latach
przestawic sie z kawy niefiltrowanej (parzonej po ,turecku”)
na te filtrowang [16].

W kontekScie miazdzycy warto przyjrze¢ sie wptywowi
spozywania kawy na ryzyko wystgpienia choroby naczyn
obwodowych (PAD, peripheral artery disease), ktéra jest
bardzo dobrym modelem dla badan nad tym procesem.
W badaniu autorstwa Hoek i wsp. [19], oceniano zwigzek
pomiedzy roznymi sktadnikami diety a ryzykiem wystgpie-
nia PAD. Badaniem objeto uczestnikéw Million—Veteran-
-Program (MVP) genome-wide association studies (przy-
padki: 31 307, kontrola: 211 753) oraz GOLEAD-SUMMIT
genome-wide association studies (przypadki: 12 086,
kontrola: 449 548). Nie wykazano istotnego zwigzku przy-
czynowo-skutkowego pomiedzy spozywaniem kawy a ryzy-
kiem wystagpienia PAD [MVP, iloraz szans (OR, odds ratio) =
1,19; 95% Cl: 0,92-1,54 oraz GoLEAD-SUMMIT, OR = 1,13;
95% Cl: 0,75-1,69].

Podsumowujac, spozywanie filtrowanej kawy nie wpty-
wa, a nawet moze by¢ korzystne w zapobieganiu proceso-
wi miazdzycy.

Chemiczne wytlumaczenie roznicy we
wplywie spozywania kawy na profil lipidowy

Sposbb przygotowania kawy w istotny sposéb wplywa na
efekty dotyczgce zmian profilu lipidowego. W przebiegu
filtrowania kawy dochodzi do usuniecia nadmiaru diterpe-
noidéw — kahweolu i kafestolu (ryc. 1) [18, 20].

W poréwnaniu do kawy parzonej tradycyjnie ,po ture-
cku” czyli niefiltrowanej, w tej filtrowanej zawartos¢ kahweo-
lu i kafestolu jest marginalna. Nalezy takze pamietaé, ze
zawarto$¢ kahweolu i kafestolu zalezg od rodzaju kawy [20].

Kahweol i kafestol charakteryzuja sie dziataniem hi-
perlipemizujacym (u ludzi zwtaszcza kafestol). W hepato-
cytach zwigzki te zmniejszaja liczbe receptoréw dla LDL-C
(down-regulation), natomiast w osoczu zwiekszaja steze-
nie biatka przenoszacego estry cholesterolu (CETP, cho-
lesteryl ester transfer protein) oraz biatka przenoszacego
fosfolipidy (PLTP, phospholipid transfer protein) [18]. Co
wiecej, mieszanina kahweolu i kafestolu moze zmniejszaé
aktywnos$¢é acylotransferazy lecytynowo-cholesterolowej
(LCAT, lecithin:cholesterol acyltransferase) [17]. Kahweol
i kafestol poprzez aktywacje receptoréw jadrowych FXR
i PXR moga zmniejszaé synteze 27-hydroksylazy sterolowej
oraz 7a hydroksylazy oksysterolowej, a co za tym idzie,
redukowaé przetwarzanie cholesterolu w kwasy zdtciowe
[18]. Nalezy podkresli¢, ze przy dtugotrwatym spozywa-
niu kawy hiperlipemizujgcy efekt tych diterpenoidoéw ule-
ga ograniczeniu [18]. Co interesujace, poza niekorzyst-
nym dziataniem hiperlipemizujgcych tych diterpenoidow,
wykazujg one wiele korzystnych dziatan, takich jak: efekt
przeciwzapalny, efekt przeciwnowotworowy, efekt przeciw-
cukrzycowy oraz efekt przeciwosteoporotyczny [18]. Dla-
tego powszechne zalecanie wybierania kawy filtrowanej
wydaje sie uzasadnione u 0s6b z niekontrolowang, ciezka
hipercholesterolemia, jest natomiast kontrowersyjne win-
nych populacjach. Nie mozna wykluczyé, ze wiele z plejo-
tropowych korzySci obserwowanych przy regularnym spo-
zywaniu kawy moze wynika¢ wtasnie z obecnoSci w niej
kahweolu i kafestolu.

Stwierdzono, ze spozywanie kawy zawierajacej kofe-
ine zwieksza, w przeciwienstwie do naparu bezkofeino-
wego, stezenie lipidow [13]. Kofeina poprzez antagonizm
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w stosunku do niektérych podtypdw receptoréw adenozy-
ny, zmniejszanie aktywnosci fosfodiesterazy w adipocytach
oraz zwiekszenie wydzielania amin katecholowych nasila
lipolize, w wyniku ktérej dochodzi do uwolnienia wolnych
kwasow ttuszczowych (FFAs, free fatty acids) do krazenia
[21]. Moze to mie¢ niekorzystny efekt w przypadku siedza-
cego trybu zycia, niewtasciwych nawykéw zywieniowych.
Wowczas uwolnione FFAs nie ulegaja ponownemu zdepo-
nowaniu w tkance ttuszczowej, tylko moga stuzy¢ do wytwa-
rzania de novo TG, a nastepnie lipoprotein o bardzo niskiej
gestosci (VLDL, very low density lipoprotein) i LDL-C [22].
Podsumowujac, efekt kofeiny na profil lipidowy zalezy nie
tyle od jej spozywania, ile od nawykow zywieniowych i sty-
lu zycia danej osoby.

Co interesujgce, w badaniu in vitro i in vivo autorstwa
Ontawong i wsp. [23] wykazano, ze pulpa kawowa — wodny
ekstrakt odpadkéw po ziarnach kawy z pierwszego etapu
produkcji kawy dziatata podobne jak ezetimib, czyli zmniej-
szata aktywno$¢ biatka Niemann-Pick C1-Like 1 (NPC1L1).
Co wiecej, w badaniu in vivo wykazano, ze polifenole kawy
hamujg akumulacje tkanki ttuszczowej wywotang dietg po-
przez zmniejszanie ekspresji (down-regulation) biatka wig-
zgcego element regulacyjny steroli 1¢ (SREBP-1c, sterol
regulatory element-binding transcription factor 1c) [24].
Kofeina, kwas chlorogenowy, trigonelina, melanoidyny oraz
kahweol i kafestol dzieki swoim wiasciwosciom antyoksy-
dacyjnym moga rowniez ograniczaé peroksydacje lipidow
i tym samym tworzenie silnie proaterogennych oksydowa-
nych frakcji LDL [25].

Wypadkowy efekt wptywu kawy na profil lipidowy zalezy
od zawartosci kahweolu, kafestolu, a takze innych zwigzkow
aktywnych biologicznie, takich jak kwas chlorogenowy (duza
zawartos¢ w zielonej kawie, ktorej spozycie korzystnie wpty-
wato na profil lipidowy) czy trigonelina, ktére charakteryzu-
ja sie korzystnym wptywem na gospodarke lipidowg [26].

Jak wynika z badan konsumenckich przeprowadzonych
przez SW Research Agencja Badan Rynku i Opinii na zlece-
nie marki Nespresso Polska, ponad potowa Polakow spozy-
wa kawe niefiltrowang (39% sypana; 14% z ekspresu cis-
nieniowego, 11% z kawiarki), czyli te o wiekszej zawartosci
diterpenoidow. Wydaj sie zatem, ze warto podnosi¢ kwestie
wptywu kawy na profil lipidowy w polskim spoteczenstwie.

Kawa a lipidy przez pryzmat
wytycznych/rekomendacji
towarzystw naukowych

W wytycznych Europejskiego Towarzystwa Kardiologicznego
(ESC, European Society of Cardiology) dotyczacych prewen-
¢ji CVD (2021) wskazano, ze spozywanie niefiltrowanej kawy
moze zwiekszaé LDL-C i ryzyko wystgpienia CVD o podtozu
miazdzycowym (ASCVD, atherosclerotic cardiovascular
disease) [27].

W Interdyscyplinarnym Stanowisku Ekspertéw wspar-
tym przez Sekcje Farmakoterapii Sercowo-naczyniowej Pol-
skiego Towarzystwa Kardiologicznego dotyczgcego leczenia
dyslipidemii w Polsce (IV Deklaracja Sopocka) wskazano,
ze spozywanie kawy bezkofeinowej i filtrowanej nie wptywa
na profil lipidowy, natomiast spozywanie kawy niefiltrowa-
nej moze dziataé hiperlipemizujaco w stopniu umiarkowa-
nym do duzego [28].

Podsumowanie

Zaburzenia lipidowe stanowig istotny problem w wymiarze
globalnym. Podstawowym czynnikiem ryzyka ich wysta-
pienia sg niewfasciwe nawyki zywieniowe i siedzacy tryb
zycia. W diecie Polakow istotna role zajmuje spozywanie
kawy. Wyniki duzych badan i metaanaliz z ostatnich lat
wskazuja, ze spozywanie 1-3 filizanek filtrowanej kawy
jest bezpieczne z punktu widzenia ryzyka wystapienia
zaburzen lipidowych. Warto jednak podkresli¢, ze méwimy
0 kawie czarnej (espresso) bez dodatku cukru ani mleka.
Warto tez zaznaczyC, ze nawyki zywieniowe ostatnich lat
zmieniaja sie, z trendem picia wiekszej Sredniej liczby kaw
dziennie, nawet 3-5/dobe, co moze sie wigzac z niewielkim
wzrostem stezenia cholesterolu, ale nadal bez znaczenia
klinicznego, szczegblnie dla pacjentdw obarczonych niskim
i umiarkowanym ryzykiem sercowo-naczyniowym.

Rozwazajgc wptyw kawy na profil lipidowy warto kiero-
wac sie zatem kilkoma zasadami:

— wptyw diugotrwatego spozywania kawy, Sredniej liczby
filizanek/dobe charakterystycznej dla Polski, nie wyda-
je sie istotny klinicznie;

— mimo ze prawie 20 milionéw Polakéw cierpi na zabu-
rzenia lipidowe, ich leczenie prawidtowe nie powinno
w zaden sposob interferowac z przyzwyczajeniem picia
kawy w liczbie 1-3 filizanek dziennie;

— dla waskiej grupy 0s6b z niekontrolowanymi, wysokimi
wartoSciami lipidéw, mozna by zaleci¢ preferowanie
kawy filtrowanej, pozbawionej kahweolu i kafestolu,
optymalnie czystego gatunku arabika;

— powszechnie stosowanie tej zasady jest jednak wat-
pliwe z uwagi na potencjalne korzysci z plejotropowe-
go dziatania kahweolu i kafestolu zawartego w kawie
na inne dziatania fizjologiczne poza wptywem na pro-
fil lipidowy.
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non-compaction, atrial septal defect and recurrent right
ventricular outflow tract stenosis

Dorosta z Tetralogig Fallota, anomalig odejScia tetnicy wiencowe;,
niescaleniem lewej komory, ubytkiem w przegrodzie miedzyprzedsionkowe]
i nawracajagcym zwezeniem w drodze odptywu prawej komory

Filip Pawliczak™?, Konrad Szymczyk®, Tomasz Moszura®, Marek Maciejewski’,
Maciej Banach™?, Agata Bielecka-Dabrowa®?

'Department of Cardiology and Congenital Diseases of Adults, Polish Mother’s Memorial Hospital Research Institute, £6dZ, Poland

*Department of Hypertension, Chair of Nephrology and Hypertension, Medical University of Lodz, £6dZ, Poland

*Department of Radiology and Imaging Diagnostics, Medical University of Lodz, £6dz, Poland

“Department of Cardiology, Polish Mother's Memorial Hospital Research Institute, £6dz, Poland

Abstract

Advances in therapeutical possibilities for patients with complex congenital heart defects are unquestionable. Nonethe-

less, it is still probable to encounter unique challenges.

The study presents a case of a symptomatic 25-year-old female patient with uncorrected Tetralogy of Fallot who has ne-
ver been qualified for surgery due to an unusual constellation of cardiac congenital comorbidities: anomalous coronary

artery origin and non-compaction of the left ventricle.

Key words: Tetralogy of Fallot, anomalous coronary artery origin, non-compaction, uncorrected

Introduction

Tetralogy of Fallot (ToF) is the most common complex
cyanotic congenital heart defect observed in humans [1].
It contains ventricular septal defect (VSD), pulmonary
stenosis, overriding aorta and right ventricular (RV) hyper-
trophy. Typically, it is diagnosed prenatally or soon after

Folia Cardiologica 2023; 18, 1: 38-41

birth due to the quick presentation of desaturation and
cyanosis. Proper diagnosis is usually followed by anato-
mical correction — the open-heart cardiac surgery as the
natural history is linked with a bad prognosis. Untreated
ToF results in progressive hypertrophy of the RV, increasing
desaturation due to right-to-left shunt through the VSD and
development of congestive heart failure (HF) [2].

Address for correspondence: Filip Pawliczak MD, Klinika Kardiologii i Wad Wrodzonych Dorostych, Instytut Centrum Zdrowia Matki Polki w todzi,
ul. Rzgowska 281,/289, 93-338 t6dz, Poland, e-mail: filip.pawliczak@gmail.com

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

38 www.journals.viamedica.pl/folia_cardiologica



Filip Pawliczak et al., Adult with uncorrected Tetralogy of Fallot and other congenital cardiac comorbidities

Figure 1. Modified apical view — visible features of Tetralogy of
Fallot: large ventricular septal defect with the overriding aorta and
visible features of left ventricle non-compaction

Case report

The 25-year-old female patient with uncorrected ToF with
a history of serial pulmonary balloon valvuloplasties provi-
ding temporary reduction of the RV overload was admitted
to the study department due to exacerbation of the right-
-sided HF — up to New York Heart Association (NYHA) Il
class, central cyanosis and irregular heartbeat. According
to previous data anomalous single coronary artery origin
and non-compaction of the left ventricle (LV) were the main
contraindications for repair surgery in extracorporeal cir-
culation in early life. At the time of admission, the patient
was cyanotic, with maximum oxygen saturation (Sat0,)
of 86% at rest while breathing room air, with blood pres-
sure of 110/60 mm Hg and heart rate of 60 bpm. A loud
systolic murmur was heard over the pulmonary valve and
Erb’s point.

During the 6-minute walk test (6MWT) the patient re-
ached a distance of 500.5 m but with ongoing dyspnoea
and severe desaturation (SatO, 74%). Lab tests revealed
an increase of plasma N-terminal prohormone of brain na-
triuretic peptide (NT-proBNP) level — 2320 pg/mL. In Hol-
ter-ECG monitoring ventricular multifocal arrhythmia with
several episodes of non-sustained ventricular tachycardia
were observed. Echocardiographic examination revealed
enlarged and hypertrophic LV with prominent features of
non-compaction with preserved systolic function with LV
ejection fraction (EF) of 65% and reduced global longitudi-
nal strain (GLS: -15.7%), normal parameters reflecting RV
function: tricuspid annular plane systolic excursion 28 mm,
peak systolic tricuspid annular velocity (RV S’) 11 cm/s, hy-
pertrophic perpendicular RV with narrowed outflow tract,
significant complex pathology of pulmonary valve (PV) af-
ter 3 balloon valvuloplasties (last one in 2015) — recurrent
high grade stenosis with mild pulmonary regurgitation (PV
max velocity: 5.38 m/s, peak gradient: 116 mm Hg, mean

Figure 2. Computed tomography angiography scan — the visible
anomalous origin of a single coronary artery in the aortic arch
(red arrow)

gradient 57 mm Hg, PHT [pressure half-time] 200 ms), mild
tricuspid regurgitation, non-collapsible inferior vena cava
(estimated RV systolic pressure 40 mm Hg), overriding aor-
ta without significant pressure gradients, large ventricular
septal defect (26 mm) with bidirectional flow, small atrial
septal defect, small additional vessel of unknown origin be-
tween aortic arch and pulmonary trunk (Figure 1).
Further therapeutic decisions were postponed after
the completion of the scheduled multimodality approach.
The hybrid-computed tomography angiography and mag-
netic resonance imaging (angio-CT/MRI) scans of the he-
art, great vessels and coronary arteries were obtained.
MRI revealed disproportion of pulmonary and aortic inflow
volume (168 and 57 mL respectively), severe subvalvular
pulmonary stenosis with increased velocity (480 cm/s),
hypoplastic RV with reduced function (EF 41%, SV 28 mL)
and enlarged left chamber and atrium with preserved EF
(EF 64%, SV 207 mL). Angio-CT scan revealed VSD with the
size of 37 x 34 mm, tri-commissural bicuspid pulmonary
valve, dilated pulmonary trunk (38 x 33 mm), proximally
stenotic left pulmonary artery (diameters: 14 x 10 mm)
with post-stenotic dilation (diameters: 36 x 32 mm), dila-
ted right pulmonary artery (36 x 30 mm), optimal dimen-
sions of ascending aorta, small patent ductus arteriosus
with a pinpoint lumen. What is more, a single coronary
vessel (diam. 3.0-3.5 mm) with the origin on the right
side of the aortic arch was found (Figure 2).In its proximal
section, it was laying between the curvature of the aortic
arch and the superior wall of the left pulmonary artery (at
this level 70% area reduction was observed due to com-
pression by great vessels). In the distal part, it was co-
ming between the pulmonary trunk and ascending aorta
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Figure 3. Cardiac angiography — visible pulmonary artery bifurca-
tion with visible left branch artery stenosis

without compression reaching the anterior interventricu-
lar groove. In its later part, it was expanding into a wide
vascular sinus (10 x 5 mm) connected with the lumen of
the RV and heading towards the apex, splitting in the end
into 3 vessels supplying the RV myocardium and the api-
cal segments of the LV. The heart catheterization proce-
dure was scheduled and performed with general anaes-
thesia. The examination revealed left pulmonary branch
artery stenosis and supravalvular stenosis of the pulmo-
nary valve. After additional heart team assessment, the
left pulmonary branch artery angioplasty procedure was
performed with simultaneous CP 34 mm stent implanta-
tion with a good final result (Figure 3 and 4). During the
periprocedural period, the patient reported a short episo-
de of chest pain, but no troponin elevation, nor electro-
cardiographic changes were observed.

The echocardiography was performed just after the pro-
cedure revealed an immediate reduction of pressure gra-
dients in the RV outflow tract (PV max velocity: 4.14 m/s,
peak gradient 68 mm Hg, mean gradient 43 mm Hg). The
plasma level of NT-proBNP dropped to 1102 pg/mL. At
discharge, the patient’s symptoms were of Il NYHA class.
However, the second Holter-ECG performed a few days af-
ter the catheterization revealed an increased number of
premature ventricular beats (from 1198/day up to 9198/
/day). It could be due to the left pulmonary artery stent
and anomalous coronary artery proximity, but no further
ischemic symptoms were observed. Nonetheless, another
heart catheterization was scheduled in 6 months to pre-
pare the patient for a plausible heart transplant as futu-
re exacerbation of HF was inevitable. However, after a few

Figure 4. Cardiac angiography — visible stent in left pulmonary
branch artery after successful pulmonary balloon angioplasty

months of follow-up, the patient was still in II NYHA class,
feeling much better than before the described procedure.

Discussion

Patients with uncorrected complex congenital heart defects
who reach adulthood are out of any guidelines as they are
not common due to unfavourable natural history [3, 4].
What is more, most of the survivors do not belong to any
homogenous group. Each case is a genuine challenge for
physicians and the healthcare system as usually a late
correction is not a viable option. When such a patient is
encountered, it is necessary to perform a full examination
to determine the patient’s condition. If any instability is ob-
served, all accessible diagnostic modalities must be taken
into consideration as any deterioration may be reversible
if the direct cause is detected and treated properly. For
the presented patient, the culprit was pulmonary branch
artery stenosis affecting the haemodynamics between the
ventricles, which was depicted as significant only after
a combination of myocardial CT/MRI scan and cardiac
angiography.

Pulmonary branch artery stenosis is a common finding
in patients with congenital heart defects [5]. It may be diag-
nosed as a congenital comorbidity but also as an acquired
disease complicating the initial therapeutic approach. It is
a life-threatening condition leading to cardiopulmonary ven-
tilation/perfusion mismatch and increased overload of the
pulmonary circulation and RV predisposing to congestive
HF [6]. Narrowing of the pulmonary branch artery may also
alter existing shunts —in the case of VSD, the flow is prone
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to be bidirectional or right-to-left, especially during exercise.
Proper management requires optimal visualisation of the
stenotic vessel and surrounding structures to choose ade-
quate and safe interventional therapy. The method of choi-
ce is balloon angioplasty of the stenotic pulmonary branch
artery with simultaneous implantation of stent selected in
advance [7]. The outcome is usually good as ventilation/
perfusion mismatch is reduced although restenoses may
be observed during long-term follow-up thus such patients
should be considered candidates for life-long specialistic
grown-up congenital heart care [8].

On the other hand, patients unfit for full correction of
the defect may also develop severe HF without any curab-
le causes. Optimal management is based on life-long care
and regular check-ups providing continuous observation of
the severity of the symptoms. Patients in the Il NYHA class
and those without any significant ventricular tachyarrhyth-
mias may persist in such an approach. However, any unex-
plained deterioration or new dangerous arrhythmias may
be the landmark for considering intracardiac devices and
heart transplantation qualification [9]. Cardiac transplan-
tation in patients with congenital heart defects is asso-
ciated with higher risk than in the general population, but

Streszczenie

eligible candidates may benefit from longer life with pre-
served quality [10]. Itis a great challenge to determine the
perfect moment for such intervention, especially without
typical criteria of ventricular insufficiency and with altered
morphology of the native heart.

Conclusion

Patients with complex uncorrected congenital defects who
develop progressive symptoms of HF require a full multi-
-modality approach as repairable structural lesions such
as pulmonary arteries stenoses may be the culprits. Even
patients with such anatomical cardiac odds as presented
may be responders for specific interventions. Lifelong care
in specialistic grown-up congenital heart centres should be
provided to every patient with uncorrected defects. Proper
monitoring at follow-up and cooperation with the patients
being aware of their condition are key factors in terms of
upcoming diagnostic and therapeutic decisions.
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Postepy w mozliwosciach terapeutycznych dla pacjentéw ze ztozonymi wrodzonymi wadami serca sg nie do zakwestio-
nowania. Jednakze wciaz istnieje prawdopodobiefstwo napotkania wyjatkowych wyzwan. W niniejszej pracy zaprezen-
towano przypadek objawowej 25-letniej pacjentki z nieskorygowang Tetralogig Fallota, ktora nigdy nie byta zakwalifi-
kowana do operacji z powodu unikatowej konstelacji wrodzonych schorzen serca: anomalii odejScia tetnicy wiencowej

i kardiomiopatii z niescalenia lewej komory.
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Complications of pacemaker replacement: a case report of
female patient with the upper extremity deep vein thrombosis

Powiktania wymiany stymulatora serca — opis przypadku pacjentki
zZ zakrzepicg zyt gtebokich konczyny gorne;

Monika Gabrel, Jonas Friedrich Lebek, Robert Sawicki, Matgorzata Knapp,
Bozena Sobkowicz, Anna Lisowska

Department of Cardiology, University Hospital in Bialystok, Biatystok, Poland
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Abstract

Deep venous thrombosis of the upper extremity (UEDVT) after pacemaker implantation (PM) is often an underestimated
problem, but should be considered as a potential complication, because the number of implanting PM is increasing
every year. This case report presents a history of a 57-years old woman with a pacemaker implanted in 1996 due to the
3"“-degree atrioventricular block. The patient was admitted to the hospital for the replacement of the stimulating system.
The procedure was complicated by hemorrhage from the pocket of the device and in the postoperative period — the left

upper extremity deep vein thrombosis.

Key words: deep venous thrombosis of the upper extremity, pacemaker implantation, leads extraction, complications,

compression-ultrasonography

Introduction

Upper extremity deep vein thrombosis (UEDVT) is defined
as thrombosis of either subclavian, axillary and/or brachial
vein [1]. The etiology can be subdivided into primary, in
which the cause would be either idiopathic or due to ana-
tomical variation such as in the thoracic-outlet syndrome;
and secondary, i.e., due to central venous catheters and
cardiac pacemaker implantation [2]. The thrombus is
most frequently located in the left subclavian vein in its
proximal portion, due to the route used for transvenous
lead placement [3]. The presence of multiple leads poses

Folia Cardiologica 2023; 18, 1: 42-44

a higher risk of venous thrombosis than a singular lead
[4]. In the last few decades, the incidence of UEDVT has
steadily increased, just in 2018, it accounted for 2-3% of
cases with DVT [5] while in 2021 for 6% [6].

Case report

A 57-years old woman with a pacemaker (PM) implanted in
1996 due to 3“-degree atrioventricular block, was admitted
to the hospital for replacement of the stimulating system.
About the patient’s medical history, she had myocarditis
in childhood and nowadays is suffering from paroxysmal

Address for correspondence: Monika Gabrel MD, Klinika Kardiologii, Uniwersytecki Szpital Kliniczny w Biatymstoku, Sktodowskiej-Curie 24A,

15-276 Biatystok, Poland, e-mail: monikagab95@gmail.com

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

42 www.journals.viamedica.pl/folia_cardiologica



Monika Gabrel et al., A case report of female patient with the upper extremity deep vein thrombosis

supraventricular tachycardia which is treated with sotalol.
On admission, the patient was hemodynamic stable and
had no major complaints. In electrocardiogram there was
effective atrial and ventricular stimulation with a ventri-
cular response rate of 75/min. Laboratory tests revealed
an increased serum concentration of N-terminal pro-brain
natriuretic peptide (226 pg/mL), while other parameters
were within their respective reference ranges. A transthora-
cic echocardiography demonstrated a normal left ventricle
size with a good global contraction and ejection fraction of
around 60%, a normal left ventricle diastolic function, and
small mitral and tricuspid regurgitation.

The replacement of PM was complicated by the he-
morrhage from the PM-pocket. Due to the use of a large-
-diameter mechanical electrode release system, signifi-
cant local bleeding was observed both during electrode
release and after the removal of the system. The patient
lost 1000 mL of blood and the presence of fluid in the pe-
ricardium was observed (without the impending cardiac
tamponade). The patient received intensive fluid therapy,
1 unit of erythrocyte concentrate, and noradrenaline via
continuous i.v. infusion. In the following days, the patient
remained stable and the control echocardiographies re-
vealed no expansion of fluid in the pericardium. Prior to
the procedure, she was neither taking anticoagulation nor
antiplatelet medication.

On the second day after the procedure, the woman
started to complain about pain, cyanosis and edema of
her upper left limb. On closer examination, there was no
palpable pulse detected on the left upper limb, but the
warmth was preserved. The performed doppler ultraso-
nography revealed thrombosis of the left internal jugular,
subclavian and axillary vein, as well occlusion of the left
radial artery and a residual thrombus in the proximal part
of the right internal jugular vein.

Anticoagulation treatment was initiated with rivaroxa-
ban yielding clinical improvement. Taking the occlusion
of the left radial artery into consideration, compression
therapy of the left arm was not recommended, instead, the
patient’s left upper limb was solely kept elevated. Accor-
ding to the vascular-surgical consultation that case posed
no indication for invasive treatment of thrombosis and
suggested continuation of the conservative management.

Discussion

The pathogenesis of venous obstruction is related to the
presence of a foreign body, i.e., the pacemaker leads
in the blood vessel which injures endothelium causing
disturbance in laminar blood flow and therefore activates
factors involved in the Virchow’s triad and subsequent
thrombosis and/or fibrosis [3]. The risk factors of UEDVT
consist of age over 40 years old, prior episodes of venous

thromboembolism, cancer, family history of venous throm-
boembolism, New York Heart Association Ill or IV heart fai-
lure, arrhythmia, venous anomalies, tobacco smoking and
use of oral contraception or hormone replacement therapy
[7]. The most frequent cause is the catheterization of the
central vein for constant drug administration, parenteral
nutrition or inserting leads for PM [8].

The UEDVT develops from several days to years after
implantation of the device [8]. In the described case, se-
veral factors probably contributed to the development of
thrombosis in a relatively short time after pacemaker im-
plantation (after 2 days). Our patient is 57 years old, had
no previous anticoagulation treatment, and has a negative
family history of hemostatic disorders.

The clinical presentation of the UEDVT typically includes
pain, heaviness, edema, cyanosis, and perhaps visible col-
lateral veins of the upper limb or it can be asymptomatic.

Compression-/colorduplexsonography (CUS) is the key
method of confirming vein thrombosis and the measure-
ment of plasma D-dimer levels is performed to exclude it.
For hospitalized patients it is necessary to perform CUS
due to the low specificity and predictive value of positive
D-dimer test results [7].

Regarding the treatment, one can either follow the con-
servative path and initiate anticoagulation with low mole-
cular weight heparin (unfractionated heparin in chronic
kidney disease) for 5 days and then maintenance therapy
with either vitamin K antagonist or dabigatran as well as
directly without bridging rivaroxaban or apixaban for at le-
ast 3 months and according to indication perhaps longer.
In cases of intense symptoms and time since onset is shor-
ter than 10 days, invasive methods are indicated such as
catheter-directed thrombolysis or percutaneous/surgical
thrombectomy [9].

According to the literature, 6% of UEDVT cases are
complicated by pulmonary embolism, 5% will develop post-
thrombotic syndrome, and 9% report recurrency (18% of
cases are coexistent with tumors) [9].

Conclusions

Taking into consideration the progressively increasing
number of pacemaker implantations and PM-related inci-
dence of UEDVT, it is of high importance to remember this
potential complication with its signs and symptoms in the
postoperative period. Especially because of its simplicity to
diagnose and therefore immediate initiation of treatment,
the awareness of the patient of possible symptoms is very
crucial and may accelerate the process.
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Streszczenie

Zakrzepica zyt giebokich konczyny gornej po implantacji stymulatora serca jest czesto bagatelizowanym problemem,
chociaz powinna by¢ brana pod uwage jako potencjalne powiktanie zabiegu w zwiazku z rosnaca liczba implantow-
anych stymulatoréw serca kazdego roku. W niniejszym tekséie opisano przypadek 57-letniej pacjentki po wszczepieniu
stymulatora serca z powodu bloku przedsionkowo-komorowego 3. stopnia w 1996 roku, ktora zostata przyjeta do sz-
pitala w celu wymiany urzgdzenia. Zabieg byt powiktany krwawieniem z lozy stymulatora oraz masywng zakrzepica zyt

gtebokich konczyny gornej lewej w okresie pozabiegowym.

Stowa kluczowe: gleboka zakrzepica konczyny gornej, implantacja stymulatora, usuniecie elektrod, komplikacje,

uciskowa ultrasonografia
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Abstract

We present the case of a 65-year-old man with type 2 diabetes mellitus, arterial hypertension, hypercholesterolemia,
salicylate allergy and diagnosed with ischemic heart disease since 2000. The patient, despite intensive pharmacothe-
rapy according to European Society of Cardiology guidelines and the insertion of as many as 11 stents into the coronary
arteries, had persistent recurrent acute coronary syndromes, including 4 myocardial infarctions (twice ST-elevation
myocardial infarction, twice non-ST-elevation myocardial infarction) between 2000 and 2021. Eventually, the patient
underwent left coronary artery bypass surgery. Some potential options for the pharmacological treatment of recurrent

acute coronary syndromes are presented in the discussion.

Key words: acute coronary syndrome, percutaneous coronary intervention, salicylate allergy, pharmacotherapy

Introduction

According to the Institute for Health Metrics and Evaluation
(2019), coronary artery disease (CAD) has been the leading
cause of death in Poland for many years [1]. These data
indicate that the prevalence rate of CAD in 2019 was 4.8%
(1.5 million patients) for the Polish population [2]. The
death rate of patients with acute coronary syndrome (ACS)
has been on a downward trend in recent years. According
to a report published in 2020 by the National Health Fund,
the death rate was decreasing in ACS patients from 2014
to 2018 (Figure 1) [3].

The occurrence of recurrent incidents of ACS in individu-
al patients despite intensive pharmacotherapy in accordan-
ce with current European Society for Cardiology guidelines
and interventional therapy involving implantation of anti-
mitotic drug-eluting stents is a cause for concern. In 2010,
a case of a patient who had as many as 67 stents inserted
into his coronary arteries [4], which is a record number in the
history of cardiology, was described. This article presents

Folia Cardiologica 2023; 18, 1: 45-49

the case of a patient who required the implantation of as
many as 11 stents over the 21-year course of CAD.

Case study

A 65-year-old male patient with type 2 diabetes, hyperten-
sion, hypercholesterolaemia, salicylate allergy and with
a diagnosis of CAD since 2000 was admitted to Outpatient
Cardiac Rehabilitation Center (OCRC) for rehabilitation
treatment following arterial bypass grafting of the left an-
terior descending branch of the left coronary artery after
previous multiple percutaneous coronary interventions.
From 2000 to 2021, he had 4 myocardial infarctions (STEMI
[ST-elevation myocardial infarction] — twice; NSTEMI [non-
-ST-elevation myocardial infarction] — twice), treated with
percutaneous coronary interventions. The areas of coronary
artery stenoses requiring both primary angioplasty and
elective angioplasty are shown in Figure 2.
Echocardiography prior to the rehabilitation program-
me revealed segmental dysfunction of the left ventricle
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2018, number of patients 21 800

2017, number of patients 35 700

2016, number of patients 41 100

2015, number of patients 40 400

2014, number of patients 40 600

- 365 days of admission |:| 180 days of admission . 30 days of admission - Intrahospital

Figure 1. Mortality due to acute coronary syndromes for patients with no previous hospitalization caused by acute coronary syndrome in
the years 2014-2018. Data provided by National Heath Fund in 2020

Figure 2. Location of critical narrowing in coronary arteries together with the date of the procedure. Red arrows show primary percutaneous
coronary intervention (PCI), blue arrows — show elective PCI, and black arrows — PCI for in-stent restenosis

contractility with a significantly reduced ejection fraction of torasemide 5 mg, ramipril 5 mg, eplerenone 25 mg, ator-
up to 20%. Pharmacotherapy included the following drugs vastatin 80 mg. There was also a proposal to include flozin
(daily doses given): clopidogrel 75 mg, bisoprolol 5 mg, and replace ramipril with sacubitril/valsartan; however, the
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Figure 3. Electrocardiogram changes induced by physical effort were observed during stress test performed after the rehabilitation pro-
gramme — the 1.3 mm isolated ST-segment depression was observed at the peak of the exercise

patient did not accept this option. The patient was made
aware of the possibility of primary prevention of sudden
cardiac death; however, at the time of discharge from the
centre, he did not opt for the option of preventing the con-
sequences of dangerous ventricular arrhythmias by im-
planting a cardioverter-defibrillator. Due to the period of
SARS-CoV-2 epidemic risk, the rehabilitation programme
was in the form of telerehabilitation — the patient recei-
ved 18 sessions of 20-30 minutes, consisting of walking
training with remote monitoring of electrocardiogram sig-
nals, body weight and blood pressure. The initial and fi-
nal cardiac diagnostic tests were performed according to
the Naughton protocol — their durations were 07°03” and
08'01", respectively, and the exercise load in both cases
was 4.5 metabolic equivalent, which was 51% of the load
by sex and age. ST-segment changes at peak exercise are
shown in Figure 3.

Discussion
The leading problem of the patient in question was recur-

rent incidents of ACS. Inflammation plays a major role in
their atherosclerotic pathogenesis. In terms of the drugs

used, statins have anti-inflammatory potential — as shown
in Figure 4, the patient did not achieve treatment goals
with this group of drugs during the initial treatment period.
Recent studies have shown that anti-inflammatory drugs
such as colchicine or canakinumab (not previously used in
the treatment of CAD) are highly effective in the prevention
of recurrent ACS. The description of the COLCOT clinical
trial, published in 2020, reveals that recent (up to 30 days)
post-myocardial infarction patients who took colchicine
at a dose of 0.5 mg per day had a significantly reduced
rate of myocardial ischemia incidents [6]. A trial with the
acronym CANTOS used canakinumab in post-myocardial
infarction patients, as well as a monoclonal antibody that
specifically binds interleukin 1 beta (IL-1f), and a cytokine
that promotes the progression of atherosclerosis [7]. Pa-
tients who received standard treatment and canakinumab
at a subcantenous dose of 150 mg per quarter had a lower
incidence rate — by 15% — of ACS or stroke compared to
those who received standard treatment and placebo. The
patientin question participated at OCRC in a trial evaluating
polymorphisms of the IL-1B gene and its natural receptor
antagonist. The analysis of the patient’s DNA revealed that
he had a rare combination of variants at loci -31 and -511
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Figure 4. The comparison of lipidogram results in 2012, 2013, 2016, 2017 and 2021. The target value for low-density lipoprotein chole-
sterol according to ESC/EAS Guidelines for management in dyslipidemias published in 2019 is shown in green [5]

inthe IL-1 gene and a tandem repeat polymorphism variant
in the natural IL-1 antagonist gene — (-31TT, -511CC, IL-RN
12). However, these characteristics were not associated
with an increased incidence rate of coronary incidents in
the group studied at OCRC [8]. The latest pharmacotherapy
that improves prognosis in high-risk patients also includes
the combination of low-dose rivaroxaban (2 times 2.5 mg/
/day) and low-dose acetylsalicylic acid (ASA) (100 mg/day)
used in the COMPASS trial. When comparing dual therapy
(rivaroxaban + ASA) with ASA monotherapy, the risk of
stroke or myocardial infarction was significantly reduced
in this study group [9]. Due to salicylate allergy, the use
of a treatment regimen as in COMPASS would not have
been possible in this patient, and there is no sufficiently
reliable experience of therapy combining clopidogrel and
rivaroxaban to date.

Conclusions

In the patient in question, the use of conventional phar-
macotherapy and interventions in the prevention of ACS
was not fully effective. The possibility of future use of
anti-inflammatory drugs or dual therapy with rivaroxaban
to prevent further cardiovascular events opens up the
possibility of more effective treatment for patients with
similarly severe CAD.
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DOI: 10.5603/FC.a2022.0064. Nalezy cytowaé wersje pierwotng

Streszczenie

Przedstawiono przypadek 65-letniego mezczyzny chorego na cukrzyce typu 2, z nadciSnieniem tetniczym, hipercho-
lesterolemia, uczuleniem na salicylany i ze zdiagnozowana od 2000 roku chorobg niedokrwienng serca. U pacjenta
pomimo zastosowania intensywnej farmakoterapii zgodnej z wytycznymi Europejskiego Towarzystwa Kardiologicznego
i implantacji do tetnic wiencowych 11 stentdw, w latach 2000-2021 wystepowaty nawracajace ostre zespoty wiencowe,
w tym czterokrotne zawaty serca (dwukrotnie STEMI, dwukrotnie NSTEMI). Ostatecznie u pacjenta wszczepiono pomost
tetniczy do lewej tetnicy wiencowej. W dyskusji przedstawiono potencjalne opcje farmakoterapii nawracajgcych zaost-

rzeh choroby wiencowe;.

Stowa kluczowe: ostry zespot wiencowy, przezskorna interwencja wiencowa, uczulenie na salicylany, farmakoterapia

Wstep

Choroba niedokrwienna serca (CAD, coronary artery
disease) jest od wielu lat, wedtug The Institute for Health
Metrics and Evaluation z 2019 roku gtéwna przyczyng
zgono6w w Polsce [1]. Dane te wskazujg, ze wspotczynnik
chorobowosci na przewlekia chorobe niedokrwienng serca
w 2019 roku wynosit dla populacji polskiej 4,8% (1,5 min
0s6b) [2]. Smiertelnos¢ pacjentéw z ostrym zespotem wien-
cowym (OZW) ma w ostatnich latach tendencje spadkowa.
Zgodnie z raportem opublikowanym w 2020 roku przez
Narodowy Fundusz Zdrowia malata ona u pacjentow z 0OZW
w latach 2014-2018 (ryc. 1) [3].

Niepokojgcym zjawiskiem jest wystepowanie u poszcze-
gblnych chorych nawracajgcych incydentéw OZW, pomimo
stosowania intensywnej farmakoterapii zgodnej z obowia-
zujgcymi wytycznymi ESC oraz terapii interwencyjnej pole-
gajacej na implantacji stentéw uwalniajgcych leki antymito-
tyczne. W 2010 roku opisano przypadek pacjenta, ktoremu
wprowadzono do tetnic wieficowych az 67 stentéw [4], co
jest rekordowa liczbg w historii kardiologii. W niniejszym ar-
tykule zaprezentowano przypadek chorego, ktory w ciggu

Folia Cardiologica 2023; 18, 1: 50-54

21 lat przebiegu swojej choroby wiencowej wymagat im-
plantacji az 11 stentow.

Opis przypadku

Pacjent, lat 65, chory na cukrzyce typu 2, z nadciSnieniem
tetniczym, hipercholesterolemia, uczuleniem na salicylany
i ze zdiagnozowang od 2000 CAD zostat przyjety do OSrodka
Dziennego Rehabilitacji Kardiologicznej w celu leczenia
usprawniajgcego po wszczepieniu tetniczego pomostu
gatezi przedniej zstepujacej lewej tetnicy wiencowej po
wczesniejszych wielokrotnych interwencjach przezskarnych
na tetnicach wiencowych. W latach 2000-2021 przebyt
4 zawaly serca [dwukrotnie STEMI (ST-segment elevation
myocardial infarction), dwukrotnie NSTEMI (non-ST-seg-
ment elevation myocardial infarction)], leczone interwen-
cja przezskorng. Lokalizacje zwezen tetnic wieAcowych
wymagajacych zaréwno pierwotnej angioplastyki, jak i an-
gioplastyki w trybie planowym przedstawiono na rycinie 2.

W badaniu echokardiograficznym poprzedzajacym pro-
gram usprawniania stwierdzono odcinkowe zaburzenia
kurczliwosci lewej komory z krytycznie obnizong do 20%
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2018, liczba pacjentow 21 800

2017, liczba pacjentéow 35 700

2016, liczba pacjentow 41 100

2015, liczba pacjentow 40 400

2014, liczba pacjentéw 40 600

. 365 dni od przyjecia |:| 180 dni od przyjecia - 30 dni od przyjecia - Wewnatrzszpitalna

Rycina 1. Smiertelnosé pacjentow z niestabilng dtawica piersiowa, dla ktérych nie odnotowano hospitalizacji z powodu ostrego zespotu
wiencowego w poprzednich trzech latach (2014-2018). Dane z raportu NFZ z 2020 roku

Rycina 2. Lokalizacja krytycznych zwezen tetnic wieAcowych z datg zabiegu. Kolorem czerwonym zaznaczono pierwotne angioplastyki,
kolorem niebieskim — angioplastyki wykonane elektywnie, a kolorem czarnym wyrézniono angioplastyki wieficowe wykonane z powodu
restenozy w stencie

www.journals.viamedica.pl/folia_cardiologica 51




Folia Cardiologica 2023, tom 18, nr 1

Rycina 3. Zmiany w elektrokardiogramie podczas proby wysitkowej wykonanej po odbyciu programu rehabilitacji kardiologicznej przez opi-
sywanego pacjenta — na szczycie wysitku wyindukowano izolowane obnizenie odcinka ST 0 1,3 mm w odprowadzeniu V6

frakcja wyrzutowg. W leczeniu farmakologicznym stoso-
wano nastepujace leki w dobowych dawkach: klopidogrel
75 mg, bisoprolol 5 mg, torasemid 5 mg, ramipryl 5 mg,
eplerenon 25 mg, atorwastatyna 80 mg, zaproponowano
takze wiaczenie flozyny i zamiane ramiprylu na sakubitryl/
/walsartan, ale pacjent nie zaakceptowat tej opcji. Poin-
formowano go o mozliwosci prewencji pierwotnej nagtego
zgonu sercowego, lecz w momencie opuszczania osrod-
ka nie zdecydowat sie on na opcje zapobiegania skutkom
groznych arytmii komorowych poprzez wszczpienie kardio-
wertera-defibrylatora. Program usprawniania odbywat sie,
z uwagi na okres zagrozenia epidemicznego zakazeniem
SARS-CoV-2, w formie telerehabilitacji — pacjent odbyt
18 ses;ji trwajgcych 20-30 minut, polegajacych na trenin-
gach marszowych ze zdalnym monitorowaniem EKG, masy
ciata i ciSnienia tetniczego. Poczatkowa i koncowa probe
wysitkowa wykonano wedtug protokotu Naughtona — ich
czas trwania wynosit odpowiednio 07'03” i 08'01", a ob-
cigzenie wysitkiem w obu przypadkach — 4,5 MET, co sta-
nowito 51% obcigzenia naleznego dla pfci i wieku. Zmiany
odcinka ST na szczycie wysitku przedstawiono na rycinie 3.

Dyskusja

Wiodgcym problemem opisanego chorego byly nawracajgce
incydenty OZW. W ich patogenezie na tle miazdzycowym
duza role odgrywa stan zapalny. Sposrdd zastosowanych
lekdw potencjat przeciwzapalny majg statyny. Jak wynika
z ryciny 4, pacjent w poczatkowym okresie leczenia nie
uzyskiwat celéw leczenia tg grupa lekéw. Wyniki ba-
dan ostatnich lat wskazujg na duzg skutecznos$é lekow
przeciwzapalnych jak kolchicyna czy kanakinumab (nie-
stosowanych wczesniej w leczeniu choroby wiencowej)
w prewencji nawrotéw OZW. Z opublikowanego w 2020
roku opisu badania klinicznego Colchicine Cardiovascular
Outcomes Trial (COLCOT) wynika, ze u chorych po Swiezo
przebytym zawale serca (do 30 dni), ktérzy przyjmowali
kolchicyne w dawce 0,5 mg na dobe znamiennie zmniej-
szyt sie odsetek incydentdéw niedokrwiennych miokardium
[6]. W prébie o akronimie CANTOS u pacjentéw po zawale
serca zastosowano kanakinumab, przeciwciato monoklo-
nalne wigzace swoiscie interleukine 1 beta (IL-1B) cytokine
promujaca progresje miazdzycy [7]. U chorych, ktorym
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Rycina 4. Poréwnanie wynikow lipidogramu pacjenta w latach: 2012, 2013, 2016, 2017 oraz 2021. Warto$¢ docelowa w leczeniu hiper-
cholesterolemii (zaznaczona kolorem zielonym) zgodna z wytycznymi ESC/EAS dotyczgcymi postepowania w dyslipidemiach z 2019 roku [5]

podawano standardowe leczenie i kanakinumab w dawce
150 mg podskérnie raz na kwartat czestoS¢ wystepowania
0ZW czy udaru byta 0 15% mniejsza niz u tych, u ktérych
zastosowano standardowe leczenie i placebo. Opisywany
pacjent uczestniczyt w naszym oSrodku w badaniu ocenia-
jacym polimorfizmy genu IL-18 i naturalnego antagonisty jej
receptora. Z analizy jego DNA wynikato, iz pacjent posiadat
rzadka (wystepujaca u 4% badanej grupy) kombinacje
wariantéw w loci -31 i -511 genu IL-1J3 oraz wariantu po-
limorfizmu wielokrotnych powtérzeh w genie naturalnego
antagonisty IL-1 (-31TT, -511CC, IL-RN 12), jednak cechy
te nie wigzaty sie w badanej w oSrodku autoréw niniejszej
pracy grupie ze zwiekszona czestoScig ponownych incy-
dentéw wiencowych [8]. Do najnowszej farmakoterapii
poprawiajacej rokowanie u pacjentéw z grupy wysokiego
ryzyka nalezy takze zastosowane w badaniu COMPASS
potaczenie matych dawek rywaroksabanu (2 razy 2,5 mg
dziennie) i kwasu acetylosalicylowego (100 mg/dobe).
W poréwnaniu podwdjnej terapii (rywaroksaban + kwas
acetylosalicylowy) z monoterapia kwasem acetylosalicy-
lowym ryzyko wystapienia udaru mézgu czy zawatu serca
zostato w tej grupie badanych znamiennie zmniejszone
[9]. Z uwagi na uczulenie na salicylany zastosowanie
schematu leczenia jak w programie COMPASS nie bytoby
mozliwe u tego chorego. Nie ma dotychczas wystarczajaco

wiarygodnych doswiadczen w terapii taczgcej klopidogrel
z rywaroksabanem.

Whioski

U opisanego pacjenta zastosowanie tradycyjnej farmakote-
rapii i zabiegdw w prewencji OZW nie byto w petni skuteczne.
Mozliwo$é wigczenia w przysztosci lekow przeciwzapalnych
czy terapii podwdjnej z uzyciem rywaroksabanu w celu
zapobiegania kolejnym zdarzeniom sercowo-naczyniowym
otwiera mozliwos¢ wiekszej skutecznosci leczenia chorych
0 podobnie ciezkim przebiegu choroby wieAcowej.
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A rare case of a double atrial septum in a 4-year-old boy
with a large an ostium secundum atrial septal defect

Rzadki przypadek podwojnej przegrody miedzyprzedsionkowe;j
u 4-letniego chtopca z duzym ubytkiem przegrody miedzyprzedsionkowe;
typu ostium secundum
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Abstract

The work presents a case of a 4-year-old boy diagnosed with a large atrial septal defect type ostium secundum (ASD2)
and additional abnormal structures in the direction of the left atrium in the echocardiogram. The patient was qualified
for interventional defect closure, however, in the transoesophageal echocardiography, in addition to a very large ASD2
(approx. 2 cm), a double interatrial septum was diagnosed. The extra wall layer was parallel to the atrial septum and did
not obstruct blood flow from the pulmonary veins or through the mitral valve. No signs of clotting material were observed
in the space between the two layers. The closure was withdrawn during cardiac catheterization and the boy was qualified

for scheduled surgery. Currently, the boy is asymptomatic and leads a normal lifestyle.

Key words: double atrial septum, interatrial space, congenital heart disease

Introduction

Double atrial septum (DAS) is a very rare congenital defect
of the interatrial septum, where there is a free space in the
atria between the native septum and the accessory septum
located in the left or the right atrium (RA) [1]. As an etiology,
Roberson [2] suggests that if the accessory membrane is
in the left atrium (LA), it may be an abnormality of the atrial
primum septum, while when the layer is on the right side,
then it is formed by accessory structures.

Folia Cardiologica 2023; 18, 1: 55-58

According to van Praagh and Corsini [3] the accessory
septal structure distinguishes this space from the RA, it is
presumed it might be a persistent left ventricular valve at-
tached to the sinus venosus in the fetal period.

Taking into consideration the fact that the double sep-
tum may be secondary to an intramural hematoma, that
may delaminate the interatrial septum. The extra layer of
DAS must be distinguished from the cor triatriatum, where
the supplemental membrane runs parallel to the mitral an-
nulus (cor triatriatum sinistrum) or parallel to the tricuspid
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Figure 1. Echocardiography, 4-chamber view. In the LA additional
septum. Free space and no thrombus between 2 layers (asterisk);
LA — left atrium; LV — left ventricle

annulus (cor triatriatum dextrum). What is vital, in DAS the
mitral valve connects freely with the pulmonary veins, un-
like the triatrial heart [4].

In children DAS is usually asymptomatic and, simi-
larly to adults, it is diagnosed incidentally [5]. However,
clots, that may later become an embolic material, can
form in the space between the 2 layers, causing a tran-
sient ischemic attack or full-spectrum ischemic stroke
[6, 7]. Single cases of DAS have been described in the
world literature [8]. Among children, one of the youngest
patients described in the literature was a case of a 6-ye-
ar-old boy, whose only symptom was a murmur over the
heart. Further diagnostics of the murmur revealed DSA,
which was not taken into consideration in the initial dif-
ferential diagnostics [9].

Case report

A 4-year-old boy was referred to the pediatrician due to
recurrent infections and the next he was referred for
a cardiological consult. Transthoracic echocardiograp-
hy revealed a large defect in the atrial septal defect
type ostium secundum of 2 cm in diameter and within
the lumen of the LA, the presence of a second septum
was established (Figure 1). In addition, the RA and the
right ventricle were enlarged, as well as the pulmonary
artery was dilated. Color Doppler examination revealed
a profuse left-right shunt through the atrial septum. The
electrocardiogram showed a right axis deviation and fe-
atures of a partial right bundle branch block. The child
was qualified for transoesophageal echocardiography
(TEE), which was performed in a hemodynamic laboratory
with intention of simultaneous interventional closure.

Figure 2. Transoesophageal echocardiography. Large intra-atrial
defect (2 cm) of the ostium secundum type (arrows). Enlarged right
atrium (RA). In the left atrium additional septum and free space.
No thrombus between 2 layers (asterisk). In the color Doppler,
undisturbed blood flow between the atria

Figure 3. Transoesophageal echocardiography. In the left atrium
normal and additional septum and free space between them
(arrow)

TEE examination confirmed the presence of two parti-
tions in the atrium, with a space in between the layers,
excluding the existence of a thrombus (Figure 2 and 3).
The decision on interventional closure of atrial septal
defect has been changed and the boy was qualified for
cardiac surgery.

Discussion
The interatrial defect is one of the most common congeni-

tal heart defects [10], while the detection of an additional
septum inside the RA or LA is extremely rare. There are
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single case reports in the world literature [8, 9]. The present
patient was only 4 years old and, to the authors’ knowledge,
is probably one of the youngest to be diagnosed with this
defect. If the accessory layer is located on the side of the
LA, then the space between the septum may be a source
of thrombus and cerebral embolism or other complications
[6, 7]. Therefore, especially in the case of an increased risk
of embolism (e.g., congenital thrombophilia), the patient
should be qualified for surgical removal of the accessory
septum and defect closure. Transthoracic echocardiograp-
hy, supplemented with TEE, is usually a modality sufficient
enough to assess the defect, although it sometimes re-
quires an extension to computed tomography or magnetic
resonance imaging.

The differential diagnostics of DAS should include the
three-atrial heart (most often left-sided), in which the ad-
ditional septum is located in the LA and is parallel to the
mitral annulus

Streszczenie

Andrzej Szydtowski et al., Double interatrial septum

Conclusions

During echocardiography, the assessment of the atrial
septum must be conducted with precision. Any unusual
image of the atrial septum should prompt TEE and other
imaging methods. The double atrial septum creates a high
risk of thrombus formation and stroke.
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Praca dotyczy przypadku 4-letniego chtopca, u ktorego w badaniu echokardiograficznym zdiagnozowano duzy ubytek
przegrody miedzyprzedsionkowej typu ostium secundum (ASD2) oraz dodatkowe nieprawidtowe struktury od strony
lewego przedsionka. Pacjent zostat zakwalifikowany do interwencyjnego zamkniecia ubytku, jednak w echokardiografii
przezprzetykowej oprocz bardzo duzego ASD2 (ok. 2 cm) rozpoznano podwdjng przegrode miedzyprzedsionkowa.
Warstwa dodatkowej Sciany byta rownolegta do przegrody miedzyprzedsionkowej i nie utrudniata przeptywu krwi z zyt
ptucnych ani przez zastawke mitralng. W przestrzeni pomiedzy dwiema warstwami nie stwierdzono skrzeplin. Zrezygno-
wano z zamkniecia ASD2 podczas cewnikowania serca i pacjenta zakwalifikowano do planowego leczenia operacyjnego.
Obecnie chtopiec nie wykazuje objawow i prowadzi normalny tryb zycia.

Stowa kluczowe: podwojna przegroda przedsionkowa, przestrzen miedzyprzedsionkowa, wrodzona wada serca
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